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PREFACE. 

The following account of the Economic Geology of the Isle of 
Man deals principall.y with the metalliferous mines, and is a 
reprint of Part III. of the Memoir on the Geology of the Island. 
It is issued as a separate volume to meet the requirements of 
those who are especially interested in the mines. 

The original paging is retained, together with the cross
references to other portions of the complete memoir. As 
stated in the preface to the larger work, our thanks are due 
to the managers of the mines throughout the island, without 
whose cordial co-operation it would have been impossible to 
collect the information contained in the following pages. 

-The Commissioners of the "Woods and Forests also aided us 
by giving MI'. Lamplugh access to the documents in their 
possession, amongst which are the valuable manuscript reports 
of the late Sir W. W. Smyth. The particulars as to old workings 
have been principally obtained from these documents, and it 
is believed that these particulars will be of considerable local 
interest and value. 

Geological SUJI'vey Office, 
fJ8, Je1'myn Sh'eet, London, 

13th }'la1'ch 1903. 

fS 'i " .. 1-

71". 250-Wt. '£.-5;', ()w~. & s. 

J. J. H. TEALL, 
Director. 

327976 
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ECONOMIC GEOLOGY 

OF THE 

ISLE 0 F ~fAN. 

CHAPTER XII 

THE METALLIFEROeS VEINS OF THE ISLAND. 

HISTORICAL AXD IXTRODUCTOlW. 

In proportion to its area the metalliferous wealth of the Isle 
of }fan has been great. Two of its mines have stood, for a long 
series of years, in the first rank in the British Islands for produc
tiveness, respectively, of silver-lead and of zinc. These metals 
havtl constituted its principal riches, but copper-pyrites and 
hematite-iron b,\'l; 111so been raised in marketable quantity. Of 
ores of nickel and antimony only minute quantities have been 
found, while of gold the reported occurrences are not well 
established ,p. 549). 

As veins yi81ding traces of the useful metals are frequently 
oxposed in the cliff-sections, it is not surprising to find that they 
,lttracted attention at an early date, and are mentioned in the 
ancient reco:'ds of the Island. 

The great lode of Bmelda Head (see p. 530), with its gangue 
of white vein-quartz cutting ,ertically through the cliffs of uark 
slate, stands up 30 conspicuously when viewed either from land 
or sea that it must have received notice as soon as this part of 
the Island became known to men acquainted with the use and 
mode of occurrence of its metals. 

Hence, so far back as history goes we hear of this lode; and 
the miners of later days have found workings of unknown date 
in which the ore had heell extracted bv the use of 'feather
wedges,' a method abandoned upon the introduction of gun
powder. 1 Theso old workings haxe becm vaguely assigned to 
"the Romans"; but thoc:gh the Island was known to that 
nation the absence of Roman antiquities renders it improbable 
that any attempt was made by these invaders to colonise it. 

l Cumming, " Isle of ~Ian," p. 306 ; also Berger Trans. Geol. Soc., vol. ii., 
p.'il, 



HmroRICAL ACCOUNT. 481 

We are informed by Mr. A. W. Moore, the historian of the 
Island, that in the course of his researches l he finds the first 
mention of the Manx Mines in 1246. The island was at that 
time still under the dominance of Norway; and its King, Harald 
II, granted a charter by which the monks of Furness Abbey 
obtained the right to work the mines. 2 The previous existence 
of the mines is thus distinctly impliea. 

Cumming notes that" it is stated in Chaloner's 'Caledonia' 
(vol. iii., p. 372) that John Comyn, Earl of Buchan, obtained 
from Edward I. - a license to dig for lead in the Calf of Man to 
cover eight towers of his Castle of Cruggleton in Galloway. In 
the course of the 15th, 16th, and 17th centuries, the noble 
family of Stanley appear to have sought for copper in the same 
neighbourhood; traces of their labours remain. The ore 
discovered, though not abundant, was rich in quality, producing 
six pennyweights of copper per ounce of ore." 3 

From Mr. Moore's researches we learn that in 1406 "mines 
of lead and iron" were included in the grant of the Island to 
Sir John Stanley by Henry IV.; and in 1422 it was ordered that 
the lord's mine should be managed by his "Lieutenant, 
Receiver, and Comptroller,"4 who had to see that the 
miners did their duty. In the middle of the 17th century, 
Chaloner mentions that Capt. E. Christian found the Ore of 
Lead at "Mine-hough" [Mine-howe?] or Bradda Head to 
contain much silver.5 After the Restoration, mining was 
prosecuted more systematically; and from that time both lead 
and copper seem to have been diligen tly sought, the lord letting 
his rights in the mines on condition of receiving one-fifth of the 
produce. In 1668 a lease of all the mines in the Island, with 
leave "to erect a smelting mill, or more than one, for the 
smelting of the oar-mynes and minerals," was granted to two 
merchants, one of London, and one of Liverpoo1.6 

In the following year Charles, the 8th Earl of Derby, at that 
time Lord of Man, "being by good reasons persuaded yt there 
is plenty of coales" in the Island, ordered the Governor to insti
tute a search for it.7 In 1699 the lord's fifth of the lead and 
copper ore amounted to 32 tons 13 cwt. About this time also 
the hematite iron-ore of Maughold received attention, Mr. Moore 
finding it on record that in the year 1700 there WltS shipped 
from the mine at "Daunane" (Drynane, see p. 126) 227 t tom: 
of this ore.8 

1 Since this chapter was written, Mr. Moore has i[)cluded an account of 
the progress of Manx: mining in his "History of the Isle of Man" (2 voh. 
8v •• , Loodnn, 1900). Vol. ii., pp. 960-971-

2 "Cott. MSS., Manx Soc., vol. vii., pp. 79-S1." 
3 "Isle of Man," p. 307. 
4 "Statutes," vol. i., p. 19. 
5 See reprint by Manx Soc., vol. x., p. 8. 
6 "Loose sheets in Seneschal's Office" [A. W. Moore]. 
7 Ibid. 
8 Ibid. 

3194 HH 
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Governor Sacheverell, in his "Account" of the . Island 
published in 1702, writes :-" I am informed, since I left the 
Islalld, they have discovered very good mines of Lead, Copp((r, 
and Iron, and great probability of Coal."l 

The strenuous efforts made about this time to encourage 
mining are illustrated by.the following notice, published in 1714 
(for copy of which we are indebted to Mr. Moore). 

'Forasmuch as our honb1e Lord hath been nleased for the 
discovery and finding out mines within this Island . . . 
to send over an order . . . . that any person who shall find 
out any veines of Lead or Copper . . . . such as shall be 
thought fitt for working by the Steward or overseer of the said 
workes . . . . shall not only have paid down to them fourty 
shillings as a reward, but shall have the preference of working 
the said mines . : . . and three pounds a ton for every ton 
they shall get, delivering unto the Steward a fifth part of what oare 
they shall raise after the same is cleansed and made merchant
able, provided they begin and prosecute the said work within 
three months."2 

A few years later, Bishop Wilson wrote as follows :-" Mines of 
coal there are none, though several attempts have been made to 
find them; but of lead, copper, and iron there are several, and 
some of them have been wrought to good advantage, particularly 
the lead; of which ore many hundred tons have of late been 
smelted and exported. As for the copper and iron ores, they are 
certainlv better than at present they are thought to be, havinO" 
been of';en tried and approved of by men skilled in thes~ 
matters; however either through the ignorance of the under
takers, or by the unfaithfulness of the workmen, or some other 
cause, no great matter has as yet been made of them."3 

From this statement it appears that the metals were raised in 
the same relative proportions at that time as at present, except
ing that the zinc-blende associated with the lead-ores, formerly 
of little or no value, is now a product of considerable worth. 
The repeated attempts since made to work the veins of copper 
and iron have met with no lasting commercial success, and it 
seems to have been demonstrated that those ores do not occur in 
sufficient quantity for profitably winning under current conditions 
of price. 

In the above accounts the only localities actually mentioned 
are Bradda Head, The Calf, and Maughold, all places where the 
metalliferous veins are visible in the cliffs, though it is probable 
that trials had also begun on the richer deposits of the interior. 
Dr. Berger in his description of the mines in 1814 has the 
following note :-" Mr. Fitz-Simmons, who is preparing to 
publish an extensive work on the ancient History of the Isle of 

I Manx Roc. Reprint, p. 17. 
2 ", Lib. Scace.''' [A. W. Moore]. 
3 Bp. \VilRon's "History, etc.," in Camdep's "Britannia," 1712,: p. 392, 

~[anx Soc. Reprints, vol. xviii., pp. 94-5. . .. 
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Man, states that m.ention is made of the mines of the Isle in the 
time of SirCStanley 1st and 2nd." (Foot note~" The first Sir 
Stanley· appointed. King of Man, was by grant from King 
Henry 4th in, the year 1407.") "Those at Brada, he believes, 
were first wrought; whether those at Foxdale were then opened 
may be doubted; those at La.xey were opened and wrought by 
a mining company of Cumberland, about the commencement of 
the last century . . . . 

" Mr.W. Geneste informs me further that he lately found in some 
books (titled Charge of the Revenue) in the Duke's office in 
Douglass (called the Seneschal's office) that the last Earl of 
Derby had the mines wrought, paying the workmen at the rate 
of £3 Manx per ton for the ore (lead) raised. In 1709, he paid 
the miners for about 70 tons; from 1709 to 1713, about 30 tons 
yearly. A new smelting house was built in 1711. The workings 
of the mines was totally suspended about 3 years ago."! 

Among the papers preserved in the Office of Woods and Forests 
in London relating to the mines of the Island are several 
relating to a grant, made in 1679 by King Charles II. to Charles, 
Earl of Derby, of a Lease of " all Mines Royal of gold or silver, 
or holding gold and silver to such a proportion as according to 
the Laws of the Realm of England doth make the same a Mine 
Royal." This lease had expired by thc faihre of the Heirs male 
of the grantee on the deatI} of James, Earl of Derby in 1735, 
but was revived on the petition of John, Duke of Athol in 1780, 
UpOll- a declaration made by P. J. Heywood, a former Deemster 
of the Island: --,-- "That he is enabled to declare of his own 
knowledge and from what he hath heard, that there are not any 
mines of Gold or Silver in the said Island; that the only mines 
which now are or ever were wrought in the said Isle, as he hath 
heard and believes, are Mines of Lead and Copper. Except that 
he hath heard some Mines of Iron have been worked formerly, 
and tbat he hath been informed by persons experienced in the 
knowledge of mines that there is a proportion of silver in the 
Lead-mines now working, but so smaIl as by no means to answer 
the expence of assaying and separating."2 

Feltham, in 1798, describes the mining work then in progress 
at Laxey and Foxdale, but found the Bradda mines closed.3 

Woods, in his account of the Island published in 1811,4 gives 
some interesting data respecting the mines then existing. These 
were at Laxey, Foxdale, and 'Breda' Head; and he mentions 
also deserted shafts of lead-mines with rubbish-heaps between 
Port Erin and Kirk Arbory, no doubt referring to those since 
reworked as the Ballacorkish or. Rushen ~ines (~e~ p. 532). .tie 
speaks of Bradd a as a copper mme, but dId not VISIt It. Foxd.ale 
he found deserted and drowned (see p. 500). Laxey was bemer 
worked by. two levels from the banks of the river and yielded 

1 Trans. Geol. Soc., vol. ii., p. 5l. 
2 In a. Report of the Surveyor-General to the Royal Commission. 
S "Tour t~()Ugh the Isle (If Man," pp. 213, 243. 
4 " Account of the Isle of Man," pp. 10-20. 
~194 H H2 
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silver-lead, blende and copper (see p. 519). He mentions that 
a small quantity of compact broWJ?- ironstone occurred ~
mediately under the breccIa (Carboniferous Basement Beds) III 
the Silverburn near the mill below Athol Bridge. The old level 
at that place to which reference was made on p. 197 was perhaps 
in connection with this ore. 

Quayle also published details respecting some of the workings 
in 1812.1 

Macculloch, in his work published in 1819" discusses the 
metalliferous veins of the Island at, some length. 2 He notes 
that the mines wer~ all !1ban.doned, with no prospect of renewal 
-a statement whlCh III VIew of the later hlghly successful 
results obtained from Foxdale and Laxey may afford some 
prospective encouragement to the hopeful adventurer on old 
workings in the Island. He speaks of Laxey, Brada Head and 
Foxdale as the three principa1 veins, but found that work had 
been carried on also at Ballacorkish and Glensash (Glenchass, 
see p. 536) near Port St. Mary; and some other small north and 
south veins near Port Erin were pointed out to him by old miners, 
(probably at Bay Fine and Calf Sound, see p. 532). 

The following are the "Mines and Minerals" catalogued in 
the" Schedule of the Property" conveyed by the Duke of Athol 
to the Crown in 1827 -8 (MS. in Office of Woods and 
Forests) :-

LEAD MINES. 

New Foxdale. 
Old Foxdale. 
FlalJPY Vein. 
Balla Corkish Vein. 
Silver Bourne Vein. 
(::1en Chass Vein. 
Bmdda Head Vein. 
Laxey Vein. 

COPPER MINE. 

Bradda Head. 

IRON STONE. 

Maughold Head. 

POLISHING POWDER. 

BalJastoJe. 

YELLOW OCHRF. 

Mallew. 

LIME STONE. 

Port Ie Mary. 

BLACK LIMESTONE. 

Pool Vasle [ vash ]. 

SLATE. 

South Barrule. 

STONE QUARRIES. 

Gob e Valley. 
Spanish Head. 

COAL. 

Among other papers relating to this transfer preserved in the 
\Vot)(ls awl Forests Office in London are copies of the leases 
\L11Iler w~ich the mines were worked, II,l~d plans sh~wing the 
cxten~ ot the developlllCl~t of the more Important llllnes up to 
that tunc These plans wlll be referred to when the mines are 
:ieparately described. 

1 "General View of the Agriculture of the Isle of Man" pp. 9-10. 
~ "'Western Isles," vol. ii., pp. 574-577. ' 
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The third and fourth decades of the 19th century marked ~, 
great revival and development of the Manx mining indmtry. 
After that time its steady progress may to some extent be trace::! 
in the Mining Statistics published in an early memoir of the 
Geological Survey and in the Records of the School of Mines 
(see pp. 495--8). 

Cumming gave a full account of the condition of the mines 
as he found them in 1845-1848.1 He notes that the Foxdale 
mining ground, extending eastward across the northern side of 
South Barrule from Glen Rushen, had hitherto proved the most 
productive on the Island; and thinks that the proximity of the 
granite had very beneficially affected its mineral riches. The 
company then werking this group of mines generally employed 
about 350 men and boys, and the average raIsing of silver-lead 
ore for the previous ten years had been about 2,400 tons per 
annum. Laxey also, he states, was being worked by a new 
company employing 300 men and raising 60 tons of lead, 200 
tons of blende mixed with lead, and 5 tons of copper ore per 
month; the deepest working being 130 fathom.s below the adit
level. The other mines which he mentions are the Ellerslie on 
the Bishop's Barony near Crosby (see p. 516), which was being 
worked without success; a Copper Mining Company in Maug
hold parish, also unsuccessful; and the iron mines in the same 
parish, in which about 70 men were employed and ore raised to 
the extent of about 500 tons per month. 

During the ensuing twenty or thirty years tbe great prosperity 
of the Foxdale and Laxey companies led the investing public to 
take shares readily in Manx mining enterprises, and stImulated 
the search for metals in every part of the Island. Numerous 
new companies were formed, and mines established on the 
slenderest prospects, with of course almost uniform ill-success. 
In some cases no ore whatever was obtained; oftener the vein 
yielded a little lead, zinc, or copper, in quantity too sDlall to be 
marketed; while in a few instances sufficient ore was found to 
be worth selling, but less than paid the working expenses. The 
wrecks of these mines, with theu ruined buildings and plant, are 
strewn here and there over the whole area occupied by the 
Manx Slates. It is impossible at the present time to obtain in the 
Island definite information regarding many of these; but fortu
nately, through the courtesy of the Commissioners for the 
Woods and Forests, we have been flHowed access to the reports 
made annually between the years 1857 and 1888 by the eminent 
mining authority, Sir W. W. Smyth, who, in his official capacity 
as Chief Mineral Inspector for that department, examined most 
of the workings at the period of their actiVity, and reported fully. 
We are also indebted to Mr. W. H. Rowe of Douglas, for placing 
at our disposal his collection of plans and details of old mines. 
From these and other sources duly acknowledged in the context, 
the .:iescriptive accounts of these ventures given in the succeeding 
pages have been prepared. 

1 "Isle of M;j,n," Appendix K., pp. 306-311. 
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GEOLOGY OF THE METALLIFEROUS VEINS. 

General Characters. 
While the lodes which haye been mined to commercial 

advantage in the Isle of Man are only two in number, viz., 
that of Foxdale and that of Laxey, it has been demonstrated 
by the numerous other workings that ores of lead, zinc, iI:on 
and copper are present in a mllor degree in veins in almost 
every part of the Manx Slate Series. These veins have in all 
Cases the character of infilled fissures which break across the 
stratification of the rocks. Relative displacement of the wall~ 
of these fissures has probably occurred in most cases, but 
usually only to a slight amount; and it is exceptional to find indi
cations of considerable f!1ulting along them. The principal 
vein is generally accompanied by rudely parallel veins and 
branches which are sometimes in themselves metalliferous, the 
whole forming a more or less complex group. . Occasionally 
they are broken and displaced by later transverse faults, as will 
subsequently be described. Almost invariably they are inclined, 
at angles of from 5° to 30° or more degrees from the vertical, 
this" hade" varying in amount as the vein is followed down
ward, but usually constant in direction. In rare instances 
Lhe " hade" is temporarily reyersed, a change considered by the 
miners to be unfavourable to the productiveness of the lode. 

The veins are subject to great and sudden variations in 
breadth and in mineral contents, the metalliferous deposits 
rarely form more than a small -proportion of their infilling, 
the greater part of the fissure bemg occupied by crystalline 
quartz, calcite, dolomite, with sometimes a little- barytes, 
fluor-spar, etc., and by breccia and decomposed material 
deriyed from the walls. Gas- or water-filled cavities known as 
" lochs" or "vughs" are likewise frequent. The valuable ores 
sometimes occur in definite ribs in the vein-stuff, and 
sometimes in disseminated crystalline grains, or in both forms 
combined. It is clear that the crystalline constituents, both 
metalliferous and non-metalliferous, have been slowly deposited 
in open ca"vities. In some cases, mostly in the Foxdale Lode, 
there are indications of movement of the walls after partial 
infilling of the fissure, causing portions of the vein-stuff" to be 
displaced and brecciated. The fissures have been found to 
extend vertically, with or without ore, as deeply as the deepest 
mining works have gone, viz., not far short of 2)000 feet below 
the present surface at Foxdale and at Laxey; laterally, the Fox
dale lode in one or another of its branches has been traced almost 
continuously for 2t miles, awl the Laxey Lode for over a mile ; but 
in most cases the veins have been found to split up or otherwise 
become indistinguishable within much shorter distances. 

Direction of the Lodes. 
The main lode-system at Foxdale has a' ,nearly .oo.st...and

west course, and the smaller veins at the. old'Cornelly Mine 
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a mile north_~fFoxdale, and at the Bishops Barony Mine 
three. miles east. of Foxdale, have also this direction; but at 
Laxey, Rnaefell, Ballacorkish, Bradda, and in fact at almost 
all tho other workings from which ore has been obtained, 
the . direction of the lode has been approximately north-and
south, or more strictly, a little (5°-30°) to the west of north 
'l,nd east of south. In only one or two unimportant instances 
hl),s any ore been found in N.W. and W.N.W. veins; while ap
parently not a single case of a productive north-easterly vein is 
known, although this is the direction of strike of the rock-masses 
and ofinnumerable quartz-veins accompanying planes of cleavage, 
crushing and fracture (see pp. 86-7). It is true that the predilection 
of the miners for north-and-south veins has led to these being 
tested in far greater numbers than those in any other direction, 
and that this selection may in some degree have affected the 
result; but the extent to which veins of every kind have been 
cross-cut in underO'round workings on the productive lodes is 
sufficient to prove that the occurrence of the metalliferous ores in 
other than the recognised directions must be extremely rare. 

The north-and-south veins are rather frequently dislocated by 
normal faults, known to the miners as 'slides,' which usually 
strike about E.20oN.-W.20oS., or approximately at right angles 
to the metalliferous vein. Several of these have been observed 
in the Laxey Mine (see p. 521) and others at Ballacorkish (p. 527), 
Snaefell (p. 535) and one or two other places (pp. 528, 532). 
The amount of vertical displacement whlCh they represent is 
as a rule small; but if the disturbances by which the Laxey vein is 
lost south ward, and by which the Ballacorkish vein is broken at 
the "GrE)at Douk Lode," be due to faulting, these cases may be 
of great extent. It is not clear whether the north-and-south 
lodes received their metalliferous infilling before or after these 
transverse dislocations took place; with one supposed exception 
(p. 522) the' slides' have never been found to contain ore, but 
some of the facts at Laxey suggest that the principal deposition of 
the metals took place there subsequent to the faulting of the 
lode (p. 522) . 

. At Foxdale, while the chief productive lode strikes east. and 
west, this intersects north-and-south metalliferous veins both in 
the central portion of its course, and farther west at Beckwith's 
Mine; and in the latter case the E.-W. lode is said to have 
thrown the N.-S. lode at the intersection (p. 505), thus playing 
the r61e of a 'slide.' In the Foxdale Mines slickensided 
surfaces are abundant, and the striations are generally nearly 
horizontal, showing that some degree of lateral movement has 
taken place along the line ot the lode; moreover, the 
metalliferous vein-stuff is in places broken up, sometimes into 
partially rounded blocks, and recemented by undisturbed 
material subsequently introduced, showing that there has beer 
movement along the fissure after an interval of quiescence. 

It seems possible that the later movement may have taken 
place here at the timE' of the cross-faulting of the N.-S. lodes 
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in other districts, and that the Foxdale vein was atlected along, 
and not across its course because of its E.~ 'V. direction. 

A point of importance in regard to the posit~on of the lodes is, 
that all the larger and more producti,e, includmg Bradda, Balla
corkish, Foxdale, Laxey, and .JIaughold Head, occur on or in the 
,icinity of the structural axis of the :Manx slates, near where the 
dominant dips of the folded strata and of the cleavage form an 
anticline. As elsewhere shown (p. 118), this axis is probably the 
centre of a synclinorium of the slates as a whole; but it is 
remarkable th~t in many mining districts abroad, e.g., in Nova 
Scotia and Queensland,l a close association of metalliferous 
deposits with anticlines of folded strata has been observed, 
though not in yeins of the Manx character. 

Age of the metalliferous lodes and relation to the 
Olivine-dolerite dykes. 

'Vhile hom the limited range of .JIanx stratigraphy direct 
eyidence as to thc period at which the metalliferous fissures were 
forme(l is not. fJrthcomillg, we possess sufficient data to show 
that it must have been cOlllparatiyely late in the geological 
history of the Island. It was certainly later than all the Pre
Carboniferous earth-lllOyements and dyke-injections described in 
a previous chapter (p. 71-2), by which the Slate Series was packed 
into folds, brecciated, foreshortened by overthrusts, and inter
penetrated by basie and afterwards by granitic intrusions. 

The segregation-yein:o of quartz and other minerals which 
were formed so abundantly during the later stages of these moye
Illcnts contain no metals of economic value; imd the metalliferous 
fissures have been cleanly gashed through rocks in whi<;:h all the 
aboye indications of earth-movement arc present, and are clearly 
snbsequent. The presence of copper pyrites in a vein in the 
Carboniferous Basement Conglomerate at Lmlgl:(;~: (p. 538), and 
of galena in a similar yein in the Carboniferous Limestone at 
C,lstletown (p. 537), brings down the date of, at any rate, some of 
the metalliferous dcposits into Post-Carboniferous times. The 
only 'solid' rocl;;s ne,\"er than Carboniferous accessible to 
observation aboye sea-leyel in the Isle of 1\1an are the intrusive 
(lykes of oliYine~dolerite, which, on grounds already discussed 
(Chap. VII I, p. 327), are belieyed to be of Tertiary age. The study 
of the relationship of these dykes to the lodes has led me to the 
ullexpeeted conclnsion that, although the fissures wcre in existence 
Lwtore the date of these intrusions, some part of their metalli-
1"emus infilling was of later date. The grourLds for this 
conclusion are fully stated in the descriptive details of the 
Bradda, B.,llncorkish, Langness, East Foxdale and other mines, 
awl ~will hc]'c he only brieHy recapitulated. 

At North Bradda, Ballacorkish, and Langness there is evidence 
to show that dolerite ·dykes, following the usual north-westerly 

I Yidoria GO\·ernlllE'nt Blue-book; Dept. of Mines; Beport~ 011 the 
Bendigo Gold-field, j,y E. J. Dunn, pp. 9-13 (Melbourne, 1896). 
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Course have (been diverted northward for a short space on 
inters~cting the fissures. In the first-mentioned place, wnere the 
lode is of great size and clearly re,ealed in the cliff, it is seel'l. that 
the dyke IS intrusive into the vein. But at Ballacorkish and 
East Foxdale, portions of the metalliferous lodes haye been 
found in the underground workings to intersect the igneous 
rock (see Smyth's reports quoted on pp. 515 and 534), and the 
ores (sulphides) lie alongside the margin of the dyke-rock, in 
positions which they could not have occupied before or during the 
mjection of the molten matter; and similarly at Langness, where 
the ore slightly interpenetrates the dolerite. Besides the places 
above mentioned, smaller guantities of the metalliferous ores 
have been found in the vIcinity of olivine-dolerite dykes at 
Kerroo-mooar (p. 546), Glen AU"ldyn (p. 545), l\IaughoiCi Head 
(p. 541), and Castle town Harbour (p. 537); but in all except the 
last case no evidence is now available as t() the exact relationship. 

It is of course possible that scattered ores already in existence 
in the fissures may have been displaced and concentrated into 
larger bodies by the invasion of the dykes; but it seems more 
likely that the deep-seated channels which permitted the upward 
egress of the molten rock lllay also h,1Ye scryed, nt a somewhat 
later stage of the same period of thermal actiyity, as conduits 
for the vapours and waters which supplied the crystalline infilling 
to the reopened fissures. 1 

It does not follow, however, that the whole of the Manx 
metalliferous veins are of this age; for it is only in a few instances, 
and these not of the first importance, that the connection between 
the dolerite and the ores has been obseryed; and, moreover, the 
majority of th,e olivine-dolerite dykes are not known to be 
accompanied by ore-deposits. All that can be learned from the 
evidence is that where the dykes of this late age are in contact 
with the metalliferous acculllulations, the latter are the newer. 
As no association of olivine-dolerite dykes with ore deposits 
appears to be known in "\Vestern Scotland and Northern Ireland 
where these intrusions are so numerous, there must be some 
additional factor in the local conditions of the Isle of Man whic·h 
has favoured the production of the metals in the veins. "\Ylwt 
this may be has not yet been discoyered. 

The outcropping of the metalliferous veins and of the dolerite 
dykes at the present surface shows how extellsive must have 
been the erosion in the area during later Tertiary times, as the 
infilling of the fissures in both cases can only have occurred at 
some considerable depth. 

I was not aware until after the above passages were written 
that my colleague, Mr. J. G. Goodchild, had SOllle time ago 
reached a similar conclusion in regard to the llwtalli ferons veills 
of another district by a difterent chain of reasoning. The 

1 Sir W. 'V. Smyth'8 description of the quiet :J.ud lludistlll'uetl (;ondi tioll 
of the delicate fibres of Plulllosite in the Foxdale lode, (luoted on 1'. ,)03, 
has a direct bearing on this question. 
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following quotatiOll. from hill suggestive paper en!itled" Some 
Observations upon the Mode of Occurrence and the Genesis bf 
the Metalliferous· Deposits,"l will show that the Manx evidenc 
is in close agre3ment with his results. 

" As bearing upon the age of the North of England lead-veins 
one or two points remain to be considered. The faults wherein 
the v~ins occur probably date back in many cases to very remote 
geological periods. As zones of disturbance and of dislocation, 
many of them certainly may be referred to periods long anterior 
to the date of the rocks they now affect at the surface. There is 
plenty of evidence to show that, as zones of weakness, they have 
acted 'as faults again and again at various periods since. The 
fault breccias are scrunched and slickensided in a manner that 
points to the repeated exertion of powerful mechanical forces in 
times past. In remarkable contrast to this evidence of powerful 
grinding and crushing is that afforded by the crystalline contents 
of the veins. There may be, in a few instances, some kind of 
evidence of these vein-minerals having been disturbed since they 
were formed: but as a rule the evidence tends to show that since 
the date of . formation of these minerals there has been no 
vertical displacement of the opposite cheeks of the fault. Large 
masses of crystals occur without the slightest sign of any break 
during their growth from firs' to last, and the crystalline faces ot 
many of the minerals, such as Fluor, Baryte, Galena and others, 
are just as perfect as when the minerals were first formed. The 
significance of this very common feature of mineral veins does 
not seem to have been generally perceived." 

"Another equally well-known feature in connQction with 
mineral veins calls for remark here. This is the' camby' struc
ture of lodes, and the evidence of the deposition of vein minerals 
in successive layers. This elBarly points to the fact that during 
the fining of the vein there were occasional interruptions ot 
deposition, which were contemporaneous with more or less 
lateral disruption of the veins and their contents. After the 
formation of the earliest stages of the comby structure there has 
been no displacement along the plane of the fault." 

" Such a condition of thmgs, extending over a large are~, can 
only have obtained under conditions of upheaval. This seems 
to indicate that the introduction of the lead ores of the North of 
England took place at, or about the close of, the last period of 
l1ph~aval. This, by independent reasoning, I have inferred to be 
contem1?oraneous with the last manifestations of volcanic energy 
in Tertiary times: and all the evidence yet brought forward 
seems uniformly to support that conclusion" (pp. 56, 57). 

In many other parts of the world it has been proved that 
certain metalliferous veins have received their infilling at compara
tively late periods in geological history and in association with 
the intrusion of igneous rocks. If we take, for example, Part 
III. (Economic Geology) of the 18th Annual Report of the U.S. 

1 Froc. Geologists' Assoc., vol. xi. (1888-9), pp. 45-68. 
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Geol~gic~ S.ii~yef,'which Game. to hand while this chapter was 
m pr~paratlO~, we find ~n accQunt (p.69). of the celehrated 
Treadwell-MexIcan Gold Mme on Douglas Island, Alaska,by G. F. 
Becker in which it is stated that the mineralization of the lode 
is probably connected with the intrusion into it of a vein of 
analcite~basalt, the author concluding that " the basalt was 
injected after the mineralization began, but before it had 
ceased"; he adds, " so fa.r as I know this is the first known case 
of an association of analcite-basalt with ore generation." The 
age of the intrusion is not definitely established, but is supposed 
to be either Late Mesozoic or Tertiary. 

Moreover, in the same volume three out of the four other 
reports on mining d;stricts, in widely separated parts of the 
Westjjrn States, embody the conclusion that the metalliferous 
infilling of the veins must be assigned to periods of eruptive 
activity in Tertiary (or in one case possibly Cretaceous) times: 
these are" On the Judith Mountains of Montana," by W. H. 
\'f.[ eed and L. V. Pirsson (veins not older than early Tertiary, 
p. 463); "On the mining districts of the Idaho Basin," by W. 
Lindgren (veins probably Cretaceous or early Tertiary, p. 631) ; 
and" On the Telluride Quadrangle, Colorado," by C. W. Purington 
(veins not older than Late Tertiary, p. 825). 

, Country' -rock of the Lodes. 
The Manx metalliferous veins are developed principally m 

that portion of the Manx Slate Series which is intermediate in 
character between the grits on the one hand and the clay-slates 
on the other. Their usual matrix is the bluish-grey thin-bedded 
flags or Baggy slates which consist of a more or less intimate 
admixture of argillaceous and fine-grained sandy or silty material. 
In no case has a produetive lode been found among the quartz· 
veined grits ("Agneash and other Grits," of published map); and 
where belts of this character have been encountered in under
ground workings,as at North Laxey and in the northern extrem
ity of Great Laxey, the yein has been found to contract or 
become 'tight,' and to lose its value. On the other hand the 
homogeneous dark-blue "Bal'rule Slates" have been found 
equally barren; and where bands of this composition have been 
pa~sedthrough, as at Snaefell and (jther places, the lode has 
become soft (' douky ') and shattered, sphtting up into small 
branches and losing its individuality. At Foxdale the main K 
and W. lode, and also one of the N. and S. cross-courses 
(Magee'S), has been followed downward from the slate into 
granite, and has been found equally as productive in the one 
rock ;1S in the other, though the quality of the galena has 
shown a:remarkable variation, that in the slate being richer in 
silver than that in the granite. 

Intl;ris loCality the opinion, alluded to by Cumming,l is 
commo:6,ly luUd that the metalliferous vein owes Its riches to the 

" . ,L < 

1 "Isle of Man," p. 308. 
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granitic intrusion. But it is clear not only that the granite was 
consolidated, but also that its offshoots were affected by post
consolidation movements (p. 316) long before the lode waS formed. 
Similarly at Laxey, the lode cuts across elvans given off from the. 
Dhoon Granite, in which incipient cleavage had been produced by 
earth-movement subsequent to their consolidation(p. 521); and at 
the old Cornelly Mine, a mile N. of Foxdale, where massrve 
granite was found beneath the slate (R. 517), the lode traversed 
both rocks. At Bradda, Ballacorkish, Snaefell, and North Laxey, 
considerable ore bodies occur in the slate-rocks where there is no 
reason to suspect the proximity of granitic intrusions; and the 
highly productive western portion of the Foxdale main lode, 
(Beckwith's Mine, p. 504), lies amid slates nearly 2 miles beyond 
the proved underground extension of the granite. The rich vein 
at I.J8.xey, again, is about a mile distant from the nearest outcrop 
of the Dhoon Granite; while other veins in close proximity to 
that intrusion have proved barren or nearly so (p. 528). Hence 
the whole of the facts tell against the supposition that the 
metalliferous deposits were a direct result of the granitic 
eruptions. 

In an indirect manner, however, it is possible that the Foxdale 
Granite, long after its consolidation, may have favoured the pro
duction of the lode, byaftording a massive homogeneous rock
basement, in which a fissure produced by unequal earth-move
ment might descend to great depths and remain sufficiently 
open to permit the ascent along it of the vapours and solutions 
from which the empty spaces received their infilling. The broad 
shelving laccolitic outline of this granite (p. 166) would be more 
favourable to the production of such a fissure than would be the 
case in the Dhoon Granite, which appears to descend as an 
iITegular pipe-like core with steep walls (p. 144). 

The same explanation may be applied to the distribution of 
the veins in the sedimentary rocks. Where these were of a 
character to break cleanly to considerable depths, and to preserve 
an open space when fissured, as in the case of the firmly 
packed and welded mass of Lonan flags enclosing the Laxey lode, 
productive metalliferous veins have been formed: but where the 
rocks were, like the Agneash Grits, of such a character that 
regular fissures could not readily be produced in them; or, like 
the Barrule Slates, where if produced, such fissures would be filled 
with the broken deb; is of the walls, the conditions were unfuvour-

-able either for the percolation or deposition of the ore-bearing 
solutions, and the veins are consequently scanty and of no 
economic value. This explanation seems adequate for the known 
occurrence~ of ore in the Island; but fails to account for the fact 
that there are large tracts of the firm slaty flags 3:,pJ!arently 
equally favourable for the production of lode-conditIons, in 
w.hich only inconsiderable quantities of ore have yet been 
dIscovered. Her~ again some additional factor in the deep-seated 
structure, to which we have no clue, is probablyin1Tolved. 
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Association of the Ores in the Lodes. 

On this point but little information has been obtained. The 
lead .a.nd zinc ~r~ (sulphides) are usual~y found together, b?-t the 
relatIve quantItIes are extremely varIable; so that whIle at 
Laxey zinc-blende is by far the most abundant ore, at Foxdale 
the quantity present is too insignificant to be recognised com
mercially. Copper, in the form of pyrites, generally occurs, in 
very thin strings or finely disseminated around the outskirts of 
the other. ore-bodies, as at Laxey, where its appearance in the 
southward drivings heralded the deterioration, of the lode (see 
p. 520); at Foxda1e it is rarely found and in very small qU'mtities 
(see Smyth's report in 1883 quoted on p. 511). Pyrites and 
chalybite are more or less present in all the lodes, the latter 
sometimes in large bodies at Foxdale. 

The hematite ore of the Maughold veins, as suggested on 
p. 291, may have been introduced into the lode when the slates 
were overlapped by Triassic strata. 

Lists of the minerals of the individual lodes and particulars 
respecting the rarer varieties are given in the subsequent 
deta;led descriptions of the mines. 

Notes on the Mineral Statistics since 1845. 

After the close and systematic search which has been made in 
every part of the Island, we may presume that the relative 
import[tnce of the various lodes has been well established, and 
that no considerablo body of ore presenting surface indications 
can have been overlooked, though there is, of course, the possi
bility that such may remain still undiscovered beneath a super
ficial covering of drift. As previously mentioned, while the 
valuable ores have been found in small amount in many v4Cins, 
the commercially successful mines are and apparently have 
always been confined to two lodes-that of Foxda1e and that of 
Laxey, though considerable bodies of lead and zinc ore havc 
been met with also in the mines of 'Snaefell,' , North Laxey' in 
the Cornah Valley, and 'Ballacorkish'; and of hematite in 
Maughold parish. From all the other workings combined the 
total quantIty is inconsiderable. From the depth to which the 
principal mines have now been sunk, we must also conclude that 
the average output of the last fifty years is unlikely to be main
tained in the future. 

LEAD-ORE.-The table given on pp. 495-8 shows that between 
1845 and 1850 the average output of lead-ore was 2,300 tons per 
annum, of which at first six-sevenths, and afterwards two-thirds 
was contribmed by the Foxdale group of mines, and practically 
the remainder by Laxey. A steady increase during the next five 
years brought the total output of this ore in 1855 up to 3,573 
tons, of w~l.lch three-fourths was from Foxdale, and the remainder 
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from Laxey. A decrease then set in, so that until 1864 the 
annual output ranged, in round numbers, between 2,500 and 
2,800 tons. In that year however the contribution from Laxey 
was greatly augmented; and in the following year equalled that 
of Foxdale, bringing the total up to 3,143 tons of lea~-ore .. In 
1871 the grand total of 4,645 tons was reached, of which Laxey
yielded a half, Foxdale rather over a third, and eight smaller mines 
the remaining sixth. There was a drop of 1,000 tons in 18'12 
owing to a decrease of that amount from Laxey; but from 1873 
to 1877 inclusive the total annual output. of the Island 
remained steadily between 4,200 and 4,400 tons, t~e Foxdale 
contribution maintaining, as for many previous years, remarkable 
regularity at about 1,600 to 1,700 tons. In 1878 the returns 
fell below 4,000 tons, Laxey sinking again, and permanently, to 
the second place as a lead-producer. But this deficiency was 
more than made up in ,lLceeding years by Foxdale, which 
swelled the output to high-water mark at 6,868 -tons in 1885, 
two-thirds of which was tDm this mine and less than a quarter 
from Laxey. From 188,t to 1893 inclusive the total yield of 
lead-ore remained between 6,000 and 6,700 tons, the decline of 
Laxey meanwhile continuing, so that in the last-named year its 
proportion was less than one-seventh, while Foxdale yielded 
three-fourths and three other mines the remainder, 8ince that 
date, though Foxdale has maintained its high productiveness-its 
yield of 4,800 tons of lead-ore for 1894 being the greatest in 
the history of the mine-the deficiency from the other mines 
has diminished the total output of the Island to 3,843 tons 
for 1900. 

ZINC-BLENDE.-The only other metal deserving special notice 
is zinc; and its history is practically that of the Laxey Mine, as 
except during a short period of productiveness at 8naefell, the 
other sources of this substance in the Island have been unim
pOl·tant. In lS54 the returns of blende from Laxey were 1,435 
tons, rising suddenly in the following year to 3,989 tons, and 
from that time until1S61 ranging around 3,000 tons more or 
less, Then follow great fluctuations, so characteristic of this. 
mine, the record for 1862 being 691 tons; for 1863, 2,298 tons; 
for the four following years, between 4,960 and 5,488 tons; in 
lS09, 7,208 tons; and so on, until in 1875 the returns show 
1 i,753 tons of blende from this mine, and 11,898 tons from the 
whole Island, a quantity which has not been since attained. 

During the ensuing decade, the average was about 6,000 tons, 
l'<),nging trom about 2,000 above to 2,000 below this figure. But 
since 1885 thero has been a continued decline which brought 
down the total for 1896 to 1,1S0 tons of blende from Laxey and 
1,48!) tons from the whole Island, with a slight recovery to 
tho total of 2,009 tons in 1897,2,602 tons in 189!:l, and 2,124 lons 
in 1900. 

The following table gives the total annual output of the 
Manx Mines recorded in offici.al returnll, 
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TABLE showing T OTAL OUTPUT ()f:- M ANX MINES,l 

Year 1826 1827 1828 1829 1830 183'1 1832 1833 1834 1835 183; 1837 1838 1839 1840 1841 1842 1843 1844 

------------ ------------- ------------ ------ ---
Ton., Ton., TOni, f'on •. Tons. Ton •. Ton • . Ton •. Ton8. TOM. Tons. 7'on •. TonB . Tons. TOni. 7'0."". Ton •. Ton" Ton., 

Lead ore (containing - - - - - - - No ... turns a vaila ble before 1845. - - - - - - -sUver, as below). 

Zinc ore - - - - - - - No re turns a "ailable l,efore 1854. - - - - - - -

Copper ore2 83 - 26 161 238 283 341 249 268 77 89 69 121 183 278 368 406 207 46 

Iron ore - - - - - - - - - - - - - - - - - -. -

Umber, Ochre, etc . . - - - - - - - - - - - - - - - - - - -

--------------- - -----1------------------

Silver,estimatedqnalliHy - - - - - _ _ No returns a vailabl e l beforel1851. _ _ _ _ _ _ _ I 
contained in lead ore 

---- - - - ----_. ------ -- - -- - - . ~------- .. --
I Compiled fr,)m Mem_ Geo!. Survey, voL ii. (1848), pp. 703-715; Records of the School of Mines, vol. i. (1853), pt. 4 ; Mineral Stamstics, 1853-199<" 
"The figures for the fi rst twenty-two y .... are d~rived from" Sales at I> wansea from English Mines," Mem Geol. Survey, vol. ii. p. 71fi. 
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TABLE showing TOTAL OUTPUT OF MANX MINES. 

-
I 

YearJ 1845 1816 1847 1848 1849 1850 1851 1852 1863 1854 1B55 1856 1857 1858 1869 1860 1861 1862 

----------------------------------------------------
i Ton •. Tons. ' Tons. Tons. 'l'on8. Tons. To'n8, Toni. Tons, Tcrr,8, 7'on., Tons. Tons. Tons. Ton" TonI, Tons, Tom. 

Lead ore (containing I 2,259 2,316 2,575 2,521 2.826 2,175 ~,560 2,415 2,460 2,800 3,573 3,218 2,656 2,467 !,'M 2,810 2,718 2,608 

aUver, a8 below). 

Zinc ore - - - - - - - - - 1,435 3,990 3,000 2,917 2,777 - 3,181 8,255 691 i 

Copper ore 79 92 60 - - - - - - 64 - 125 260 403 85' 860 785 942 

~ 

I 
~ 

Iron ore - - - - - - - - - - ,2,240' - - 566' 1,282' 1,671" 967" ~47" 

Umber, Ochre, etc. - - - - - - - - - - 164 - 151 - 120 - - 116 - i 
---------------- -"-------------- ----------------------------

Oz. Oz. Oz. Oz. Oz. Oz. Oz. Oz. Oz. Oz. Oz. Oz. 

SUver, estimated quantity - - - - - - 33,980 36,700 47,105 52,262 52,203 00,382 48,016 46,985 56,974 60,170 67,282 70,592 

oontained in lead ore. 

• Hematite. 
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TABLE showing TOTAJ~ OUTPUT OF MANX MINES. 

Tom. 1 Tons. 1 Tom. 1 Tons. 

______ ~a:I~!~~I~~I~~~~~~~~8~~~~~I~~J~=-~~~:J~~:J~~-----_ 
Tons. Tuns. Tuns. Tons. Tons., Ton.. TonH. Tm",. T'JllII" Ton.. I TUII •. ! Ton..! Ton8.! Ton •. 

3,799 4,290 4,302 4,604 4,645 3,529 4,371 4,204 4,429 4,353 4,464 3,920 4,358 5,119 Lead ore (containing I 2,561 I 3,118 I 3,143 1 3,494 

1878 1879 1830 

silver, as belo .... ). 

Zinc ore -

.\ 
Copper ore 

Il'on ore • 

Umber, Ochre, etc .• 

Silver, estim,tea qllantity 
~ con1 ained in lead ore. 
>-< 

2,298 5,363 5,488 1 4,960 0,361 I 3,278 

1,293 127 1,317 294 400 462 

:J39*! 
i 

120*1 2'?O* 

I 
i 

7,219 I 4,177 I 5,768 I 3,123 5,520 7,010 11,898 I 8,669 I 9,043 

459 373 180 32a 

1,291* "5tl 12~t: 512t 'I 872*1 2,266* 

61 

718t 
425* 

156 183 

75 &2 

170 

9,569 I 7,42'1' I 7,507 

30 20 86 

loot 230t 9t 

232 156 166 - - ;30 1 
I' 14\J! Ian I 1421 172 1' 148 1 248 

1 1 I 1 I 

---;---- --I--I--I----'-I-----I----I-----!----- --.--- ----- .--- ---- - ------
OZ. I' ')z. Oz. I Oz. Uz. 1 Oz. Ot I Oz. Oz. Oz. 1 u,. Oz. Oz. Oz. Oz. Oz. Oz. Oz. 

74,289 125,020 1%3,221 1147,516 105,170 \178,718 1711,839 , 172,528 176,631 \145,43;1 1163,068 161,612 183,624 }70,105 186,019 110,400 100,476 69,6G7 

I I __ J ______ ______ . ___ 1._ __! _______ ~ _______ ._ _ ___________________________ _ 

* Hematite. t Bpathoae iron ore. 

! 
~ 
~ 
~ 

*'" ~ 
--J 
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TABLE showing TOTAL OUTPTJT OF MANX :\JJNES. 

Year, ]SS] I ]S8'j I 18So 11884 1 1885 

- --,--~ -:----,-- ----. -

Lead ore (eontl1ill
ing silvt-f, n~ 
helow). 

'llonx. 

fi,675 

Zinc ore i " '1 7,561 

Copper ore 

'1 

tiO 

TO'ILH. 

5,491 

7,750 

44 

'1'01Uf. To'ILx. ']'1I11,H. 

fi,828 8,007 fi,g(18 

4,8:.l\) 5,685 ;)';/10 

57H ~:lO 

]S86 

'l'ons. 

0,2.07 

4,70;:; 

1887 1888 18bO 

'l'(mH. 'llonH. 'J'on" .. 

0,560 I 6,356 fl,43~ 

4,994 5,320 4,096 

4(1 

1800 lSg1 

TonN. 'lIOUH. 

0,141 n,f]S~ 

'l,aH8 3,5m 

18H2 

Ttr//,x. 

H,f10H 

:1,:1811 

_]b~ 1~~4--1~:_ 189fi--:~-I~~ _~g~I~~ 
TOil,.,.. I 'Pow;, '1'(WI;. 'lIon).!. To-::'-I T", •. ' T=·I "-

11,427 »,824 5,287 4,D53 4,~73 3,948 3,024 3,848 

o,fliH I 2,57!J I 1,r,Hf, I 1,4K9 2,IIU!l I ~,lar, 2,0021 2, 1~4 

Iro,_ . 'I '00, 

umber,ochre,etc'I_2071_~I_:I ____ I __ ~_I ___ I ____ I __ , __ 1 __ 1 ___ 1 __ 1 ___ 1 ___ 1 __ 1 __ 1 __ 1 __ 1 ___ ' __ 

No Ite:t,urm~. 

8i1~er, estimated 
quantity COn-
tained in I cad 
ore. 

~I~I~I~I~I~I~I~I~I~I~I~I~I~I~I~ 
84,865 1 9,769 125,940 123,251 132,315 13[',456 1:J4,353 138,033 139,304 120,124 126,350 124,9411 12'Z,OlO llL3~G 120,302 107,643 

t Bp"thoae irun ore. 

Oz. I Oz. I 01. I Oz. 
91,710 76,419 72,'181 66,067 

~ 
<.Co 
00 

~ 
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MINING DETAILS. 

List of Mines ana Mining Trials in their order as desclibed in the following 
pages. The names of the more important arepl'inted in small capitals. 

Foxri.aie Group. 

BECKWITH'S VEIN. 
CroiB's Vein. 
Dixon's Vein. 
OLD FOXDALE. 
Magee's Mine. 
Old Flappy Vein. 
Hodgson's or Faragher's Mine. 

EAST OR. CENTRAL FOXDAT"E 
MINE. 

Ellerslie, Glen Darragh, Bisho])s 
Barony, or Great East Fuxdale 
~Iine. 

CORNELLY OR TOWNSEND '\II-'E. 
Ballanicholas Mine. 
Garth Trial. 

Laxey Gl·OUp. 

GREAT LAXEY MINE. 
NORTH LAXEY AND GLENCHERRY 

MINES. 
East Lax.ey 'rrial 
East Snaefell Trial. 

SNAEFELL MINE. 
Block Eary Trial. 
Glen Roy Mine. 
Dhoon or Rhennie Laxey .\Iin6 

Southern Group. 

BRADDA OR SOUTH MANX MINES. Iron Spout Trial. 
BALLACORKISH, RUSHEN, OR Glencha>;s ~Iine. 

SOUTH FOXDALE MINES. West Braelda Trial. 
Ballasherlocke or Bellabbey and Castletown Harbour Vein. 

Falcon Cliff Mine. Langness Copper '\Iines. 

N orthe:rn Hematite Group. 

MAUGHOLD HEAD, GLEBE VEIN, BALLAJORA (BALLAGORRA) ASD 
AND DRYNANE MINES. MARBRICK (MAGHER-E-BRECK) 

.\IrNES. 
Ballasaig and other Trials. 

~lfiscellaneo1~s TrialE. 

Abbey Lands Mine. 
BallaglaRs and Ballaskeg, or Great 

Mona Mine. 
Barony Mine. 
Baldwin Mine. 
East Baldwin or Ohio Mine. 
Douglas Head Mine. 
Ellan Vannin or Cartwright'R Glen 

Mine. 
Glen Auldyn Mine. 
Glen Crammag Mine. 
Glenfaba Mine. 
Glen ~Ieay, or North Foxdale, 

Mine. 

Glen Rnshen and Nial'byl '\finf'. 
Ingebreck Mine. 
Kerroolllooar Mine. 
Kirk Michael Mine. 
Laurel Bank and Wheal .\iicr.ael 

Mine. 
Maughold Heael Copper Mine. 
Montpellier Mine. 
Mount Dalby Mine. 
Onchan or Dougla8 Bay Millt'. 
Pen y Phot Mine. 
Ralll~ey or Northern 1Tine. 

}{otes on other vein-prod1(ctS. 

Gold. 
Molybdenite. 

319-! 

Plumbago. 

I 1 2 



fJOO THE METALLIli'EROUS VEINS. 

FOXDALE GROUP. 

The Mines of the Central or Foxdale Area. 

HISTORICAL A!iD GENERAL NOTES. 

From both the geological and economic points of view the Foxdale 
Mines stand pre-eminent in the Isle of Man ;~uring the latter half of the 
past century they have indeed attained to the first rank among the lead
mines of the United Kingdom for producti,eness, as well as for good 
management, which has enabled them to survive successfully the vicissitudes 
in the market value of their product that have extinguished the industry in 
lllany mining districts. They are situated in the interior of the southern 
part of the Island, close to the ht'ad-waters of the Foxdale River. The east
and-west lode which they explore traverses the northern slopes of South 
Barrule and Granite Mountain (formerly known as Slieau ny Clough), the 
present workings being confined to the portion intersecting the village of 
Foxdale, at an elevation of from 400 to 450 feet above sea-level. 

The date of the first discovery of ore in this locality is not known, but 
was at any rate before the early part of the 18th century, as in a report made 
to Lord Derby in 17:2J the governor of the Island mentions that" Foxdayle 
hath from the first been worked with the least success . . I shall 
be forced to give it up, for the longer we work it the worser it grows." 1 

Since the surrounding ground is more or less drift-covered, we 
may presume that the lode was first recognised in the bed of the Foxdale 
River, which crosses its richest portion. Old workings may still be traced 
in the vicinity of the stream; and it was probably these to which Feltham 
referred in 1798 as having produced rich and abundant ore,2 and which 
'W oods noticecl early in thc next century, in a deserted condition, "the 
rubbish from the shafts consisting almost wholly of fragments of slate, mixed 
with pieces of brown blende, a little lead glance and some sparry iron ore." 
(" Account of . . . the Isle of ~Ian," 1811, p. 12.) Berger also 
found the mines inactive (in 1811 1); he mentions that a "small-grained 
granite" had been found in one of the shafts, and that a productive north 
and south cross-vein (see p. 510) had been discovered, with richer ore 
at its junction with the main vein. He was informed that the granite was 
found in a shaft 40 yards deep, where it "formed the north side of the vein, 
the galena adhering to it, while the south side was a stratified rock." 3 

Macculloch, a few years later, likewise found the workings deserted and 
inaccesili ble. 4 

Some information regarding these old workings has been obtained from 
documents preserved in the Office of Woods and Forests. In a schedule of 
the property purchased by the Crown from the Duke of Athol in 
IH:l7-18:28, we find under the heading of Lead-mines" J..Vew Foxdale," "Old 
Foxdale," and" Flappy Vein" (the cross-course mentioned by Berger), given 
as three distinct mines; and it is mentioned that these are subject to a lease 
granted by the Duke to :Michael Knott for a term of 31 years from 
November, 18:23. There is also in the same' office an old plan and section 
prepared by J. A. Twigg in 1826, the former lettered, "Section of the vein 
of lea\l-ore at the New Foxdale Mine, wrought by M. Knott, Esq., in the 
I81e of ~Iall, showing the course of the levels (driven near the vein) and a 
view of the shafts at present sunk, and also some trials made upon the Head 
of the vein at the Surface." This plan shows the Engine Shaft to be 
38 fathoms deep, with two levels west and five levels east from it j the longest 

1 eve1 was that at 15 fathoms, which went 160 fathoms east and was reached by 

1 Knows1ey (Loose) Papers quoted by A. W. ~Ioore in "History of the 
Isle of Man," vol. ii. p. 964. 

2 "Tour through the Isle of Man," p. 213. 
3 Trans. Geol. Soc., vol. ii. (1814), p. 37 and p. 52. 
4 Western Isles," vol. ii., p. 577 (1819'. 
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three air-shafts E. 0 Engine Shaft, and by one W. of it; and still farther 
E. were two more lSinkings, to a depth of 15 fathoms, With short drivings. 
The ground-plan indicates the main lode, with a "south string" and" north 
string" p = Magee's Lode, see p. 510], just east of Engine Shaft: and a 
"strong vein" [7 = Flappy Vein] going off nearly N.-S. on the west of 
Engine Shaft· and also an E.-W. vein joining the" main vein" 33 fathoms 
west of that shaft, on which is the note" This vein contains manganese and 
other minerals not congenial to lead." It shows, moreover, the position of 
"shaft sunk by the old men," and" old workings wrought 40 years ago." 

Soon after Mr. Knott obtained his lease he appears to have ~olrl his 
interest to a company, who took up the working; and thencefonntrd, on one 
part or another of the vein, mining has gone on continuously up to the present 
day. The following account of the progresR of the mine up to 11'4818 given 
by Cumming :--

"The chief workings at that time [i.e., circa 1823} were ui)OIl 
what is generally termed the Foxdale vein, to the northward of the 
great granitic boss, crossed byelvans striking out from the nucleu~ of the 
granite. Very little except horse and water power had been employed, 
though there were at that time two small steam-engines also at work, and 
the depth reached was never more than 40 fathoms. The great workings 
are now carried on r circa 1848] at the eastern and western extremities of 
the district, at Cornelly or Jones vein [see p. 516] in the neighbourhood of 
Kenna, and at the Beckwith vein in Glen Rushen. The Cronck Vane 1 

mine, more in the centre of the district, on the brow of the hill betwixt 
Slieauwhallin and South Barrule, a few years ago was worked with very 
great results. The miners appear to have fallen in with one of those great 
sops or masses of ore which I have noticed in the body of this work as 
generally characteristic of limestone districts, but which appears as a 
peculiar feature of this schistose country also." 

"At the time of my visit, in company With Professor Ansted, three year..; 
ago, the depth attained into the body of ore was 88 fathoms, the width uf 
the vein or mass at its centre being 24 feet, thinning off to the E. and W. 
to about 4 feet. The length of this body of productive ore was 14 fathoms. 
The vein had generally a southerly dip, the walls being very clean, and 
presenting in several places extensive appearances of slickenside. There 
is very little gossan upon these veins, and not in general any indication 
of their presence till the workman comes directly upon the body of lead. 
The prediction of Professor Ansted at that time, respecting the duration 
of the working at the Cronck Vane Mine, seems to have been fully verified, 
as I found on my last visit to the place the works abandoned." 
. "The number of men and boy~ employed at the mines of this company 
III different parts of the district i~ generally about 350, and the average 
raising of ore for the last ten years has been about 2,400 tOilS l)er annulll. 
The product gives about 70 per cent.· for lead and !) ()z:<. silver per 
ton." 2 

Since the above was written, the operations on the eastern and western 
extremities of the Foxdale lode and on the Cornelly (afterwards kllo,m as 
Townsend) vein have gradually been suspended; and for many years past, 
work has been confined to deep mining on the site of the earliest workings 
close to Foxdale village. An admirable record of the later history 
of the mines of the district is contained in the series of reports made 
annually between the years 1857 and1888 by Mr. (Sir) W. W. Smyth, as the 
result of his personal examination; these are preserved in manuscript at 
the London Office of Woods and Forests, and in the context will be 
largely drawn upon for information respecting workings which are now 
inaccessible. 

In 1867, D. Forbes in describing 3 the occurrence of Polytelite (Silber 

1 This refers to Cross's Mine (Cross Vein of 6-inch Ordnance Map, Sh. 12 
i mile west of .Doarlish Head. 

2 "Isle of Man," p. 309. 
3 "Researches in British Mineralogy," Phil. i'llag.,4th ACr., yol. xxxi"., 

pp.350-4. 
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fahlerz) from the Foxdale mines, gave a short account of the character of 
the lode. He stated, on the authority of Mr. J. L. Thomas, that the poly
telite occurred in the most easterly workings of the mine where the lode 
ran out of slate into granite, the minerals associated with it being galena, 
chalcopyrite, iron-pyrites, zinc-bIen de, quartz, dolomite, chalybite and 
ealcite. ::\11'. Forbes gave an analysis of the polytelite, showing it to con
tain 13'57 per cent. of ~ilver. His remarks on the granite and on the 
reported occurrence of gold in the locality will be alluded to on a subse
quent page (p. 549). 

In 1880 Mr. (Sir) W. W. Smyth gave an account of the general features 
of the lode in a vaper" On the oecurrence of Feather Ore (Plumosite) in 
Foxdale Mine." 1 The following passages are quoted from this paper as 
Huvplying an excellent and authoritative description of the vein and its 
rare mineral, plumoHite :-

" irhe masterly lode of Foxdale has been worked for some four miles, not 
quite continuously, on its east and west course, and to an extreme depth 
nearly approaching 200 fathoms" [since carried to 290 fathoms, see seq.]. 
" It yarie~ ill character, an(1 often within short distances, to as great an 
extellt as perhaps any lo(le that could be cited; sometimes, as at Beckwiths, 
a hody of more or lescl orey material of 5 or 6 fathoms in width, in other 
parts exhihitingpowerfnl rihs of solid galena with several tons of ore to the 
running fathom, again parting into parallel branches of an ordinary lead 
on' Ull the Houth wall, al1(l others of a highly argentiferous variety affecting 
the north side, and often with from 2 to 6 fathoms of lode material between 
them. Between the courses and shoots of ore is encountered (and some
time,.; unfortunately for Yery long di~hUlces) a quantity of unproductive 
gromHl in ,,-hich detrital killas, or granite, and ribs of chalybite (carbonate 
cof iron), anel singular "l'ins and seams of an indurated black clay, form the 
chief con.,tituents. This latter material, cutting ~harply against some of 
:he other lighter coloured suhstances, gives rise to appearances very instruct
ive as regard~ successive openings and fillings of parts of the lode, and 
reminds one of the No-called (/1a /lfil, which IJlays a similar part in the small 
out rich veins of tellnrimll and gold at N agyag in Transylvania." 

" Furthermore, the variation in <tppearance is added to by the fact that 
whilKt the country rock has lllO,.;tly been killas, the Old Foxdale Mine 
c'ncountl'red granite at a medium depth-in some places only on one wall, 
and is now opening ill lIlany successive levels in a solid mass of that rock. 
)[ 0 ,..;udden alteration has he en IJl'oduced by the change of ' country'; but 
Hum "paris abundant in some of the western drivings, and in the deeper 
lewls the main or south part of the lode appears to be more frequently 
than ebewhere a matrix of grey quartz. In these deeper levels a new 
and unusual feature has been the emanation of a gas, probably carbonic 
acid, from the crevices of the south wall of the lode, which has the effect 
of instantly quenching the flame of the candle, and at times had inter
fen'd with the work for clays together." 

"The chief engine l'ihaft is Bawclens, and to the west of this, 10 to 
20 fathom~, about the 100~fathom level, in a series of 'pitches' extending 
up to the 86, SOOll aboY(' which the killas comes in as' country,' is the 
lJart of the mine in which the Plumosite has been found. Its habitat 
appears to be Oil the north side of the south part of the great lode. In 
other portions of the mine, about the 'old shaft' further east than the 
alHwe, the well known antimonial ore of copper, called fahlerz or tetra~ 
hedrite, ha.s been met with in spots and branches, notably at the 100 
am! ll5-fathom levels; and the frequent tendency of this mineral to 
contain a large percentage of silver has no doubt had something to do 
with the unusual value for silver of the galena of some of the northern 
parts of the lode. These have in fact assayed at times from 100 to above 
200 oz. of silver to the ton of lead, and have thus in many places 
admitted of being worked in thin strings, and in hard ground, where 
common lead-ore would not have naid to work. It might have been 
expected that the two antimonial minerals, the fahlerz and the plumosite, 

1 Trans. Roy. Geol. Soc. of Cornwall, vol. x., pp. 82-89. 
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would stand in some relation to each other. It is true they both occur at 
nearly the same level; but where the latter has been found there is no 
trace of the former." 

"The plumosite is associated with a fine-grained galena, and a yuggy 
or cellular quartz, with many transparent crystals; it occupies the,.;e 
vugs, seldom filling them up entirely, but usually attached by one por
tion, whilst the remainder floats looscly. Its appearance is much like 
that of a piece of dark cotton wool, sometimes like a little wreath of 
smoke. . . . . . A closer examination will reveal multitudes of the 
finest spiculae, bright grey metallic-lust red hairs confusedly flung together, 
and sometimes so felted into one p1<1ne, the prisms crossing in different 
directions, as to look like a bit of rag or woven cloth. The colour, h()\H~n'r, 
is always grey, and hence differs at once from the Zu ndr:rer.: or Tinder ore 
of the Genmlll ll1ine~, in which a notable proportion of "ih-er, allout 2·.)fl 
per cent., is revealed by the reddish colour clue to an admixture of the 
mineral, Ruby silycr ore. One or two of the "pecimens hal] a slight touch 
of that dull red colour which characterises the ZlllldO'f')': " hut in yie\Y of 
the minute quantity of the mineral it is llifficult to decide \\"hethl'l' the 
redness may be due to one of the' ruby sih-ers' or to kerlllE'"ite." 

"rnder the microscope the prisms come out distinctly j hut it is ditti"nlt 
to be satisfied about their terminal faces. Other wry cnrious fea tnrl'8 are 
nO\\' discernible j the hairlike prisms oftt'n affect cur~'ilillcar forms : arc~ p£ 
circles and parabolas are not infre,}uent, and in some cases a coil (If thp 
microscopic hairs forms a perfect !'lng of very uniform tbickness. The 
long crystals are flexible and elastic, and those which are anchored at one 
end will be seen to wave to and fro in a current of air. ~ome of these are 
adorned with minute bright crystals 8et at intervals upon them like beads 
upon a striug. These latter appear to be cubical, and may probably be 
pyrites. . . . . . I cannot but regard it a6 a singular circulllstance, 
under the data which we at present possess, that this new occurrence of 
plumosite should be connected exclusively with galena, quartz, and their 
usual associates. . . . . . The plumosite i6, in point of date of 
deposition, the last mineral which has been formed in the little ca\'erns 
of the lode, and its del·icate fibres and/flebs seem to indicate, whatever 
jl1'Ocess ?De may call in to e.J'plain their o/,"[/In, a period of quiet and uni{/'s
tU/'bed action." 1 

The emanation of carbonic acid gas from the lode, rdelTed to hy Smyth 
in the above account, was more fully described by Dr. C. Le ~ eve Foster in 
1883,2 who noticed the phenomenon in a cross-cut in granite, IJ fathoms 
south, from the 185 fathom level of the mine. Dr. Fo~ter menhons in thi" 
paper that there had been a similar issue for a fortnight from a vug ill the 
sole of the 80 fathom level of the Townshend (Cornelly) Mille three ycarR 
previously, and that small e6capes of the same gas had been reported from 
, lochs' in the Great Laxey :Jfine. 

The further literature rclating to the Foxdale milll's includes a ~Ij()rt 
general description ofthe lode in 1890 by Prof. 'V. Boyd Da\ykills 3; ;U\c] the 
brief accounts to be found in most of the larger British text-books on Ol'e
deposits; e.g., J. A. Phillips' "Treatise on Ore Deposits," pp. 304-6 
(2nd ed., London, 1896) j C. Le Neve Foster's "Text-book of Ore and 
Stone Mining," Pl'. 335-8 (Lond., 189J). 

While this memoir was in the press a short note on the mines by Capt. 
W. H. Kitto of Foxdale, read in 1892 before theJsle of Man Nat. Rist. and 
Antiq. Society, has been published (Yn Lioar ..\Ianninagh, vol. ii., 1901, 
p. 32). The following is ClWt. Kitto's description of the lodes:-"There 
ue several lodes in Old Foxdale, but the two principal bearing ones called 
the North and South, a,re very dissimilar-the former hard, with all its 
ore highly charged with silver, ranging from 50 to 400 ounces per ton, and 

1 Italics not in the original. 
2 Trans. Roy. Geol. Soc. of Cornwall, vol. x., pp. 17fi-6. 
3 "On the clay slates and phyllites of the South 0{ the Isle of Man, and 

a. section of the Foxdale Mine." Trans. Manch. Geol Soc., vol. xx., 
pp.53-56. 
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at tillle~ ha,ing small quantities of Tetrahedrite or Fahlerz an ore of 
c )pIJer and antimony averaging from 3,000 to 4,000 ounces of sil'ver, whilst 
the South, or ~oft doukey lode, by its side yields comparatively little silver, 
but a greater fluantity of lead ore." 

'VitI! regard to the occurrence of Plulllosite in the mine, Capt. Kitto 
gives tllfl following additional information:~"Plumosite was first dIscovered 
in the western part of these mines at the 86 fathom level. It is associated 
'vith fine-grained galena, and a vuggy quartz, with transparent crystals; 
. . • . . . Recently we have discovered it in the eastern part of the 
mine, about 60 fathoms deeper, in grey quartz and killas, with both sides 
of the lode composed of granite. We have not found it in large quantities, 
and never entirely in granite, j,ut always in the locality of lead rich in 
8ilver." (011. cit. p. 33.) 

The allnual output of ore from the mines Rince 184~, has been published 
in " .JIineral Statistics" and other official records, and from these sources 
the Table given on p. ;'i 12 has heen compiled. The periodical reports of the 
managers of the mines, giving full detaIls of the progress of the workings, 
have for some years past heen reproduced in utenso in the local weekly 
new~papers Illlhlished in Douglas. File~ of these newspapers may he con
sulted ill the Donglas Free Lihrary. 

DESCRIPTION OF THE WORKINGS. 

The maill F"x(lale lo,lc has l)('en worh·d a1ll1o~t COlltilllHJUHly, by a 
~tring of shafts c'xtelHling frolll (;Jell Hn,hen 011 the west to a little to the 
eastwal'll of Fox,lale village on tl](' east, a distance of about 2~ miles, with 
outworking:.;, on a :.;uppose,l prolullgation of one of its branches at Eairy 
, mile still farther eastwanl. Its leading l'haracteristics have heen given in 
the preceding general de~cription and in the passages quoted from Sir 
\r. ,Yo Smyth's account of the mines. It ha~ a persistent southerly underlie, 
and in the central portiull of its course. where he~t defined, strikes in an 
average direction of E. 3' .5' X. to \\'. 3" Y~. Both eastward and west
ward it "l'lits into hranches. awl i;; lust ill confusPl] and broken ground. In 
spite of repeate(l searches (some account of which is given oil Pl'. ;')46 and 
;,41'1) it IJ;IS nut heen traced west of th(' stream in Glen Bushell, and the 
most westerly working to yield a profitable lluantity of ore is the Beckwith 
Mine, 400J'ards east of that stream, at an altitude of about 650 feet above 
ordnance atum. 

The diagram overleaf. baspd on the plans in the possession of the I"le of 
~fan (Foxdale) .JIining Company. will serve to "how the position and depth 
of thp shafts on the main lode. amI the lie of its principal branches and 
cross-courses (Fig. 110.) 

Beckwith's Mine. 

The f.ollowing: account of t!le discov~ry of the riches of this temporar.ily 
produl'tlv(' Jlorhon of the yem was given by the late :'Ill'. IV. BeckWIth 
nnder thl" date April 9th, 1881, and printed in the prospectus of the 
"N ew Foxdale .Jlinillg Syndicate" (Garth Trial, see p. 515) :-

"The Be('kwith vein was discovered by the driver of a hay-cart crossing 
the west side of Sonth Barrule, who found a solid lump of lead-ore in the 
wh~el-track ; this indnced me to make a search in the neighbourhood, when 
I d lscoYered arC' among the roots of the heather, and immediately put two 
men to work who. (In the following day opened up the ore and about 
6:,n tllns ,wre raised l,efore ~inking was cOlllmenced. The ultimate result 
of this dis('f)Yel), WilS a llout ;,O.flO!) tOllS of lead-ore which realised about 
thrl'e 'Imrters of a millillll stnJillg.·' .... "Like all veins in the Isle of 
~ran t lis l'nnnlllJll" ~-ield wa, irregnlar in its deposit, from the surface 
.l"wn t" the 7n fll.t!lOlll lcyel thp vein ?veraging from 10 to l!', feet wide and 
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producing fuliy 15 tons of lead-ore to the fathoill. In the next 20 fathoms 
the vein grew poor, but on persevering with the sinking the ore was again 
cut into at the 90-fathom level, this new deposit being more productive 
than before, in places fully 26 feet wide and yielding 30 tons ore to the 
fathom. This great productiveness continued for another 50 fathoms rlown 
when the mine again became poor, evidently from the same cause3 that 
existed in the levels above." 

In spite of its magnificent commencement, the deeper part of the mine 
and the lateral workings proYed entirely unprofitable and it was 
abandoned about 1866, though an attempt was made 15 or 20 years later to 
form a company to restart it. The main or 'Beckwith's' shaft attained a 
depth of about 185 fathoms from the surface, intercepting the' old day-IeYel ' 
at 1.') fathoms and the' new day-level' at about 35 fathoms, with levels at 
15, 30, 45, 60, 75, 90, 102, 117, 132, and 1-17 fathoms below the new day
level. The ore-body seems to haye been very limited in lateral extent 
throughout, lying chiefly to the ea~tward of the main shaft, haying a 
general trend westward,aDd disappearing in depth below the 102 fathom level. 
The vein appears to be a southerly branch of the Foxdale Lode, and strikes 
S. 10° W., with a southerly underlie. A supposed north branch, 200 to 
300 yard,; north of Beckwith's, striking approximately E.-'V., has been 
recognised by the miners as the' North Gill Lode,' and tested in several 
places, but without profitable result. These converging branches are 
supposed to fall together in the vicinity of Cross's Mine (see below). 
Besides these E.-'v. veins, a productive cross-course striking nearly north 
and south (X. 3° W.), named' Wardell's North Lode,' occurs at the Beck
with Mine, and was worked by X.-S. leYel~ from that shaft, yielding ore 
chiefly between the 60 and 90 fathomlevel~. In view of the importance of 
determining the relatiYe ages of these veins, I made ~l!ecial inquiry as to 
their intersection, and was informed by Captain J. Kitto that the N.--S. 
(Wardell's) lode was found to be shifted about 3 fathom~ eastward on the 
south side by the E.-W. (Beckwith's) lode. Their relations are thus the 
same here as in the Laxey, Snaefell, and Balla('orki~h mines where the 
N.-S. veins are displaced by later E.-W. 'slide,' or faults; with this 
difference, however, that wherea~ the 'slides' of those mines are almost 
invariably barren, in this case the E.-'V. vein constitutes the most pro
ductive part of the mine. 

The' country' rock of the mine is a highly sheared sericitic striped 
slate, which merges westward into the dark blue homogeneous 'Barrule 
Hlate' (p. 53) of Dalby Mountain, and eastward into a belt of alternately 
slaty and gritty flags. The prevalent dip of these roch is at a high 
angle towards -:,-r.~.\V , but in the vicinity of the lode and hetween its two 
:.rallches north-north-eastPrly dips occur in several placcs. In the spoil
heap were noticed fragments of one of the COllllllon basic (' older green
stone,) dykes crushed into a sehist, but no tr:,cc of the Foxdale granite or 
it~ elvan::; exists in this locality. The ground around the mine is more or 
less drift-covered (p. 458), and it is only in the glens that the rocks are 
well exposed. 

During the later stages of its activity the Beckwith mine was annually 
examined by Sir W. W. Smyth, and as it has now fallen to ruin and its 
workings are quite inaccessible, a few notes drawn from the J\1SS. reports 
of this authority lllay prove useful. 

In the report for 1857 it is mentioned that down to below 90 fathollls 
the mine had been marvellously rich, but that the lower levels, at 117, 132, 
and 147 fathoms, had been driven on a lode showing hardly any trace of ore; 
and that a great drawback was found in the enormous amount of timber 
required and its rapid destruction by dry rot as well as by the heavy 
pressure of the strata. The N. and S. cross-vein had been opened to 
160 fathoms S. of the shaft in the 75 fathom level, .md a course of ore got 
in the sallle vein in the 60 fathom level N. In lS.1j8 reference is made 
to a trial known as \VEST BECKWITH'S at the western part of thp Foxdale 
sett, where a shaft had been sunk 13 fathoms on a large lode filled with 
bl!lck clay-slate, but without ore. In 1859 it is noted that in the principal 
nune the total poverty of the lower levels had been a little relieved hy 
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some small sprigs of galena at the 132 level in the west cross-cut, and 
that the 117 level had some very good ore on the N. part of the lode. On 
the" 'Wardell's" cross-course the i51evel was out 200 fathoms S., while the 
60 and 75 N., both poor at the end, had paSsed through" a long run of 
tolerably good ground which will yield material for stoping." At WEST 
BECKWITHS a level had been driven E. for 50 fathoms "in black shale 
with a little quartz," and doubt was expressed whether it was in the lode 
at all. In 1862 it is stated that "great lengths of gallery have been 
opened beneath the formerly rich parts of the lode without finding any 
noticeable ore" ; and detailed accounts of the 117, 132 and 145 fathom levels 
are given, showing a total length of unproductive driving of "about 317 
fathoms." The reports for the ensuing years record the gradual cessa tion of 
all work except that of driving the adit eastward, according to covenant, to 
connect with Cross's Mine, 1,200 yard~ E. of Beckwith's. In 1877 the 
inspection of this adit is described; it was reached by descending the main 
~haft to 40 fathoms. and followed for 345 fathoms, to the end, which was 
in very confused ground" where the two lodes, the main one and the North 
Gill are closing together"; it was now within 50 fathoms of the old 
workings at Cross's :\fine, and was barren of ore, nor was any seiln in the 
numerous cross-cutH. This level is also referred to in the two following 
ye:trs, ~tfter which the mine is not again mentioned. 

Cross's Mine. 
This I1lme, the position of ,,-hich has just been indicated, lies at an 

elevation of above 830 feet above O.D. This is evidently the' Cronck 
Vane mine' described by Cumming in the passage above quoted (p. 501). 
Its history appears to have been a repetition of that of Beckwith's Mine on 
a smaller scale-a good but limited ore· body having been met with in the 
upper workings; and poverty below. It does not seem to have been 
worked since its abandonment at the date noted by Cumming. The 
mine consisted of two shafts 80 yards apart, viz., 'Engine Shaft' on 
the west and 'Whim Shaft' on the east; with levels at. 20, 30, 40,.50, 
(ii) and 80 fathoms. The ore-body deSCrIbed by Cummmg lay mamly 
hetween the two shafts, and was lost below the 6() fathom level, and also 
in the drivings east and west of the mine. The longest or pioneer levels 
were the 80 fathoms, which went i9 fathoms west from' Engine Shaft, 
and the 50 fathoms, which was driven 95 fathoms east of 'Whim 
Shaft' and ended in barren ground about 50 fathoms short of the most 
westerly driving from Dixon's Mine. l 

Dixon's Mine. 
This mine, lying to the east of Cro:os's at a distance of only 400 or 500 

vards, was worked by t1YO shafts 280 yards apart, with levels at 17, 32, 
and 47 fathoms in the 'Engine (1,'estern) Shaft,' and at 17 fathoms in 
the 'Ea~t Shaft.' 2 The day-level was reached by a cross-cut from the 
little valley north of the mine. AH in the mine last described, the 
workings were wholly in slate; very little ore appears to have been found. 
Smyth mentions it in his report for 1857 as having been sunk to the 47 
fathom level, but with nothing of promise in sight; and in the following 
year describes it as a "great disappointment," some productive ribs at 
the 17 fathom level having gone out in the 32, and on the sonth side 
there was similar deterioration below the adit level. In 1865 we learn 
on the same authority that after being for many years abandoned a 
shaft and adit were reopened. In 1867 the adit had been cleared for no 
lei'S than 200 fathoms, and the 17 fathom level opened, with a little 
lead westward, but on the east for scores of fathoms without showing a 
speck of ore; from the 34 fathom level a cross-cut had been driven out 

1 Information from mining plans in the office of the Foxdale Company. 
2 Ibid. 
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in which it was difficult to recognise the lill1it~ of the lode; and only a 
few tons of ore in all had been raised from thi, new undertaking. In 
1868 it is noted that only a cr08~-cut at the .J..J. leyel "'as dri\'ing; and 
this is the last mention of the mine in the reports. 

Foxdale (Old Foxdale) and associated Mines,l 
In following the lode eastward from Dixon's we descend into the Foxdale 

valley by a steep slope on which there have been a few ,hallow unproclucti \'e 
trials in the slates. The Foxdale :JEnes, from \yhich by far the greater 
proportion of the mineral produce of the lode has been obtained, lie at 
the foot of this slope at altitudes of between .J.OO and 430 feet abm'e sea
level. The principal shafb now in operation are-Ba\Hlen's the most 
westerly, with the bottom lenl at 260 fathoms; Beckwith's, with the 
bottom at 290 fathoms~ ; and Potts, the most easterly, "'ith the bottom at 
200 fathoms. The distance in a straight line bet\yeen the fir~t and Ithit
mentioned is i50 yards, and the extreme length of the underground 
workings from end to end in 189i, was 1,:ilO yards; the pioneer len;1 "est, 
ward being the 170 fathoms, which went 3:20 fathoms we,t of Bawden's and 
approached.wit~in al:out 1/5 fathoms.of the overhead po~ition of t.he enA 
shaft at DIxon s Mille: and the pwneer east, the 1:2. level, gOlllg ~:3;) 
fathoms east of Ba\vden's. The abme-mentioned shafts are sunk yerticalh' 
on the southel'll side of the outcrop of the lode, and intercept it all th~' 
underlie. They C,Hmnence in slate, but pass, at varying' lle1'th8, into gnuJitl" 
as shown in the section (Fig-.1IO, p. ;-,0;), their lower workings being entirel~' ill 
the igneous rock. 

In the higher part of the mine the ,late is traversed by elmns springing 
from the granite, \yhich render the ~heh'ing upper surface of the intn1,;ion 
ragged and uneYell, just as it is secn 1i'> be at its outcrop on the hill-top ,011th 
of the mines. enfortunately the old upper leyels which trawn;ell the 
junction of the intrusive rock with the slate are now nw~tly inacces~iLle, 
and it is only at a few points that the contact can he studiell. A few 
details respecting them may be gleaned, howenr, from :-;myth's reports, 
quoted in the context. The juncticm was seen hy the "Titer in 1 Mf.)(;, in a 
cross-cnt in the 115 fathom leyel, at the eastern end of the mine, and there 
showed distinct evidence of faulting, the granite being separated frolll the 
slate by a 'dowky' slightly slickensided yein an inch or t\\'o "ide; hut the 
vertical displacemcnt did not appear to be great. As previously lllentioned 
the lode, of which this yein seemed to form O1,e of the' branches " is rarely 
a simple fissure but a belt of disturbed' country,' with more or less parallel 
fractures sho\ying nearly horizontal sl.ckensides and containing hrecciated 
rock, with vein-stuff and ore g-enerally in ribs hut occasionally abo brecl·iated. 
The grallite included in and adjacent to the lode has undergone l,al'tial 
decomposition, and it softens and 'bursts' on exposure to air in the 
workings; while the same rock exposed in cross-cuts outside the 
lode remains solid and very little altered. Thc rock thus atfecte,l 
is rendered somewhat 'platy' by numerous j(lints parallel to tl1l' 
vein, some of which exhihit traces of movement; and the mincrs appear to 
regard all material of this character aSl'art of the' lode,' ribs of ore being 
likely to occur anywhere "'ithin it. The' bursting' of the rock -faccs in 
the workings is probably due to the felspars having ],een deC()]l1pose<i while 
under restraint, rapid expansion taking place as SOUll as relid is obtained. 

The ore, bodies have a general trend do\vmmrcl towards th(' \ycst. The 
chief minerals associated with the galena in the Yeill-stuti' han been 
enumerated in the passages already '11lOted. The western jl()rtion "f the 

1 Our thanks are due to Capt. \Y. H. Kitto and Capt. Lean fur their 
courtesy in affording us facilities for studying the plans and under
ground workings of these mines and the/.lans of several abandoned mines 
in the neighbourhood; and to Capt. . Kitto, sen., for information in 
respect to many of the older workings ill this and other \,arts of the Island. 

:! Beckwith's Shaft has IIOW a level at 30;) fatholl1~, ttlll is ]wing ,unk ful' 
a 3:20-fathom level. (Augu~t, 190:2.) 
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mines is on the whole characterised by the presence of large bodies of 
coarsely crystalline galena poor in silver; and the ea<!tern, by smaller 
quantities of fine-grained ore rich in silver. With regard to the occasional 
presence of the rarer minerals, silberfahlerz and plumosite, we learn from 
Sir W. W. Smyth's and Capt. Kitto's notes that these minerals are limited 
to that part of the vein which lies in the vicinity of the junction of the slate 
with the granite. . 

The seam of "indurated black clay" mentioned by Sir W. W. Smyth as 
a peculiar feature of the lode is rarely absent, serving the miners as an 
indicator where the vein is pinched or unproductive. It varies from a mere 
film to a thickness of 2 or 3 inches, and widens out into a ' dowky 'mass in 
the vicinity of the ore-bodies; and in such places is reported sometimes 
itself to contain' stones' of ore. It has probably been brought down by 
percolating waters from the overl)ing slate during one of the later expan
sion-movemenb along the fissure, perhaps at the same time as the detritu~ 
observed by Smyth in the 170-fathom level east, which exhibited "the 
peculiarity of fragments of killas or clay-slate in the breccia [of the lode], 
unexpected ~o deep in the granite." ('\lSS. Report for 1894. See also 
description of the loo-fathom leyel quoted in the context.) 

Between Beck\vith's and Pott's shafts the lode in going eastward splits 
into two branche" and to the eastward of the Pott's shaft becomes obscure 
and difficult to follow. The abandoned workings farther eastward will 
subsequently be described. 

Hegarding the cross-veins known as '\L~(~EE'S VEIN and FLAPPY VEIN, 
which, as shown in Fig. 110, are about 140 yards apart and strike across 
the main Foxdale lode in the neighbourhood of Beckwith's shaft, little 
information is now procurable, as the places where they intersect the main 
vein in the upper levels are inacces,ible, while in the lower levels they are 
not definitely recogniAable. '\" e may ,,~uppose that, like Wardell's North 
Lode at Beckwith's '\fine (p. 50E.), they were formed at an earlier date than 
the E.-'V. main vein, as otherwise some indication of displacement of the 
latter at the intersection would probably have been noticed. Both have 
yielded lead-ore in limited quantities. FLAPPY, the more easterly of the 
two and the one referred to by Berger (p 500), is shown on the mining plans 
as having a course of ~. 22 deg. E., with a westerly dip. It was followed for 
15u fathoms southward in a driving from the 20-fathom level K of Old 
Engine Shaft of Foxdale Mines, and had also three levels, viz., adit, 20 and 
30 fathoms, from a shaft 011 the lode; and was further tested by workings 
650 yards north of Foxdale. .\IAGEE's strikes S. 30 deg. K, with a westerly 
dip, and therefore converges towards Flappy, with which it is supposed by 
the miners to unite on the hillside south of Foxdale. It is no doubt the 
"strong vein" west of "Engine Shaft" shown on Twigg's plan of 1826 
(p. 500). It was worked on a small scale as recently as 1878, by a shaft 
300 yards 8. of Foxdale, as described by Smyth in the reports quoted 
below. The vein is supposed to be visible at the surface, in the slate
quarry at the margin of the granite mentioned in a previous chapter 
(p. 165). 

The following information illustrating the geology of the main lode in the 
older parts of the Foxdale 'Jline' is abstracted from the annual MSS. reports 
of ~ir W. W. ~Illyth, whose interest in this mine was always keen. In hi):; 
report for H,;,7, we learn respecting" Old Foxdale" that in the 50 fathom level 
a part of the lode adjoining a dyke of granite was unusually rich in silver 
(up to 300 oz. per ton of lead) and that to the west of the rOld Engine] shaft 
large quantities of sparry iron-ore formed the bulk of the lode. In 1860, the 
Engine Shaft is stated to be about 4 fathoms below the 86 fathoms, in a very 
hard close-grained granite, and the lode brecciated on a large scale, but 
exhibiting no lead ore; while in the 72 level west there was an excellent 
lode, "the orey parts yielding silver in very variable proportions, but 
averaging 70 oz. to the ton of lead." In 1861, the last-mentioned level is 
described, in which" a cross-cut south near the end has entered a white 
granitic porphyry, and found a small south vein separating the latter .froJ? 
clay-slate;" and in the shaft, now at 96 fathoms, "all except the south SIde 18 
in very hard granite: on that side a lRr~p am'lT:' :-:f sparry carbonate of 
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iron is visible, which I hope promises for the continued strength of the lode 
in descending." In the 72 fathom level east, some of the galena ran to the 
extent of 180 ounces per ton in silver. In 1862, the east and west driving 
of three leJels-the 86, 72, and 60 fathoms-is described, "now against 
granite, and presently against slate" - "varying much in richness, 
but on the whole offering to view a noble lode of highly 
argentiferous lead ore." In 1865, the deepest level was the 100 
fathom, which was 105 fathoms west from Engine Shaft in a fine 
lode 5 feet wide, between soft granite walls, and rich for lead ore, but was 
impoverished east of the shaft. In 1866, when the deepest leyel was still 
the 100 fathom, the report contains the following passage [regarding which 
we may note that the later workings have fully justified Smyth's judgment 
and confidence] :-" It becomes now an interesting question whether the 
vein will be as productive when entirely in the granite as when passing 
between alternations of that rock and slate. I myself see no a J!1'I:ol'i 
reason to doubt that it will be as good, and hence look forward with im
patience te the driving of a deeper level." In 1867 we learn that the 
bottom or 115 fathom level west, all in granite, had a rib 2 to 8 inches 
wide of good lead ore, but not rich in silver j while specks and lumps of 
fahl-ore or tetrahedrite very rich in silver had been found in stopes on the 
100 fathom east. [This concentration of the ores rich in silver in the northern 
side of the vein near the junction of the granite and slate deserves especial 
attention.] In 1868, it is noted that" this is the second year during which 
considerable quantities, amounting to 8 or 10 cwt. (in the rough) of highly 
argentiferous fahlerz have been raised from the mine." In 1872, the 72 
fathom level west under the mountain [the pioneer level at that time] is 
described, in which a cross-cut north for 20 fathoms near the end was in 
hard white granite. The 115 fathom west showed in one place" ore of a 
gossany character with spicuhe of cerussite or white lead are, rather a rare 
feature at such a depth." Bawden's Shaft, now 10 fathoms below the 127 
fathom level, was sinking in hard granite, "the rock exceedingly obdurat3, 
but showing a small vein of hard breccia with some steel-grained lead-ore." 
The 100 fathom level east was out 205 fathoms from" Old Shaft," and the 
lode in the end" full of clay slate." In 1873, it is mentioned in regard to 
the end of the 86 fathom level east that" here, too, the walls change again 
to soft clay slate." In 1880 "the 140 fathom has for a very long way been 
entirely sterile-large and conglomeratic in the end, with embedded 
stones of dark granite" j and the west ends of the 170, 155, and !-l0, 
all somewhat alike, show "a great lode of disintegrated white granite 
seamed by small veins of black indurated clay, and showing only 
specks of lead and zinc are with a little quartz and traces of fluor." 
In 1881, the 84 .fathom level east is described as containing "the 
finest regular rib of orey ground which I have seen in the mine, the 
lode very uniform and averaging 20 to 2.10 inches wide of very compact 
galena of medium richness and silver." In 1882, Beckwith's Shaft had been 
sunk 40 fathoms" in rather hard schist." In 1883, the 127 E. at 190 
fathoms from Old Shaft had a ,lode 3 feet wide, "l1'dh it copper-omrin(! 
bmnch [unusual in this mine], and strings of dark quartz containing steel
grained ore, and a little of the silvery fahl-ore." The adit driven westwanl 
to prove the ground under the mountain was over 150 fathoms long, in 
, douk ' or argillaceous vein-stuff but uniformly poor. In 1885, it is noted 
that all the workings at less than 100 fathoms were stopped; the 1.100 E. 
showed a good deal of white barytes and chalybite, with several strings 
6 to 10 inches apart of good silvery ore; the 200 W. had laid open "a 
magnificent lode of ordinary galena," "reminding the ob&erver of the 
richest of the Spanish mines"; and surprise is expressed that the new 
shaft though in solid granite had required timber for half its length. III 
18861 when some of the eastward deep drivings were getting out of the 
gramte, we learn that the 127 level showed bunches and strings of dark 
ore, richer than the average in silver, and" very much like Mexican and 
Hungarian ores" j in the 140, E. end, there was "schistose rock on both 
sides, taking the place of granite»; the 170, cross-cut S. close to end 
"again revealed a wide body of schistose rock of white hue, which toward~ 
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the end lay almost fiat upon granite" £I><.>ssibly a highly sheared aplite d.yke, 
see p. 165] j while the 185 level had gramte for the' country' on Doth sIdes. 
In 1887, the 155 level E. .• presented the curious feature of contorted blue 
shiny slate, forming the body of the lode against a granite foot-wall, but 
without ore" ; the 215 E. of Bawden's Shaft had" a marvellous lode" 6 to 
9 feet wide, capable in places of yielding 8 to 10 tons ore per fathom. The 
last of these reports~is for the year 1888. It states that the deepest level was 
the 230 fathom j that the 170 E., in soft killas or slate rock, had a cross-cut 
a little way back from the end, driven N. for 4 fathoms in granite, some
times very pink; and that in the 127 E. on the N. branch of the vein, here 
a curious jumble of pyritesl lead ore and chalybite, a parallel vein with 
highly argentiferous fine-grallled steel ore had been found by cutting 4 
fathoms still further ~. through slaty rock. 

TABLE SHOWING ANNUAL OUTPUT OF SILVER-LEAD ORE FROM THE 

FOXDALE MINES BETWEEN 1845 AND 1900. 

PI'om ~Mineral Statistics in Jfem. Ceol. Survey, t,ol. ii. «(01' 1845 and 
1847) j Records of the School of .Jfines, t'ol. i., pt. 4 (for 1848 to 1852); 
Home Office, .Mineral Statistics (1853 to 1900). 

; Silver I Silver I 
lear. Lead - !containedlEstimated Year. Lead- contained E~timat ed 

ore. I in Yalue. ore. m Value. 
:Lead-ore. Lead-ore. 
I ----,---- ----

Tons. Ounces. £ Tons. Ounces. £ 
1845 1,902 No data. 1873 1,433 57,727 
1846 2,Oil 

" 1874 1,673 67,868 31,562 
1847 2,040 

" 
1875 1,722 73,564 37,804 

1848 1,566 
" 

1876 1,607 65,183 33,284 
1849 1,527 

" 
~ 1877 1,727 87,700 32,314 

1850 1,340 t- 1878 1,959 53,453 29,753 " 
C1J 

1851 1,660 
" 0) 1879 2,766 55,319 37,363 

1852 1,600 12,224 .... 1880 3,486 49,799 42,993 0 
1853 1,750 18,800 ..... 1881 3,419 69,080 39,145 '" 1854 1,900 19,926 ..c 1882 3,211 48,807 36,356 
1855 2,535 26,756 ~ 1883 3,700 48,100 35,100 '" -+" 
1856 2,500 35,512 c;l 1884 4,020 51,525 33,500 +' 
1857 2,l25 30,136 rn 1885 4,670 59,851 42,400 

-+" 
1858 1,8:20 25,807 0 1886 4,013 51,435 43,000 .: 1859 1,650 37,028 

'" 
1887 4,322 55,396 41,500 

1860 1,950 43,144 .... 1888 4,009 59,397 44,600 0 
1861 2,082 56,098 .-b 1889 4,185 62,010 44,400 
1862 1,739 53,900 c;l 1890 4,160 61,640 44,500 '" 1863 1,715 54,480 H 1891 4,700 69,641 45,200 
1864 1,792 65,173 ..... 1892 4,650 73,550 40,250 0 

1865 1,590 57,236 '" 1893 4,650 73,550 35,400 ::s 
1866 1,615 65,808 C;; 1894 4,800 85,522 34,430 
1867 1,579 70,675 ~ 1895 4,600 00,359 39,200 
1868 1,774 72,427 1896 4,250 188,473 36,700 
1869 1,700 69,959 1897 3,775 76,697 34,100 
1870 1,800 81,880 1898 3,610 66,125 34,000 
1871 1,670 75,032 1899 3,610 62,515 39,800 
1872 1,734 86,050 1900 3,610 58,905 43,100 ---

liespecting MAGEE'S MINE, Smyth notes in 18511 that it was "on a north 
and south lode, in which a winze is sinking below the 40 fathom level. The 
wim are here in the midst of solid granite-mere strings, and but little ')re 
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is raising from them." The mine is oot mentioned again until 1868, when 
it had three ends advancing, and was yielding some 10 to 13 tons of ore 
per month. In 1871, we learn that the 60 fathom level was driving sonth, 
and the 7l! both north and south, and the shaft was being deepened j the 
lode, generally only a few inches wide and encased in very hard granite, 
had opened to 5 feet 'wide in one part below the 60, and also proved con
tinuous beyond a dislocating cross-course. [The last-mentioned fact 
apparently furnishes another example of the displacement of N.-S. lodes 
by E.-'V. faults, and lends strength to the supposition advanced above as to 
the relations of this vein to the main Foxdale lode.] In 1873 the mine 
had been deepened to 84 fathoms, but the vein was 8till the same small 
string, and work was soon afterwards abandoned. 

Hodgson's, otherwise Faragher's or Louisa Mine. 

This mine, the latest working of which took place over twenty·five years 
ago, lies immediately to the eastward of the present Foxdale :Mines. The 
principal (Louisa) shaft is 260 yards east of Pott's Shaft, and one or two of 
the higher levels are connected with the correspondin~ levels of that mine, 
the two shafts having at one time been worked togetller, under the name 
of Faragher's .Mine, on the south branch of the Foxdale Lode. The Louisa 
shaft was sunk to a depth of 82 fathoms, with levels at 10, 20, 38, 53, 157, 
and 82 fathoms, the pioneer eastward being the 20 fathom which was 
carried no fathoms east of the shaft. Two small pits, respectively 50 and 
90 yards east ofthis shaft, descended only into the upper level of the mine. l 

None of these workings reached the granite, slate being the country· 
rock throughout the mine. A fair quantity of ore was obtained at an early 
period in its history, but the subsequent operations ,yere unprofitable. 

Sir W. ,V. Smyth's reports contain a few references to the latest working, 
from which the following details are taken. It was in operation in 1860 
and 1861, but yielded no return. In 1863 Smyth notes that the 52 fathom 
leyel was driving east and west on a greatly improved lode, with an 
excellent rib of lead-ore. In 1865, the 67 fathom level had been opened 
east and west, with only an unsatisfactory quantity of ore. In 1870, the 
67 and 82 fathom levels were equally poor at ends, but there were "stopes 
with a little good ore in the midst of soft killas rock." The latest 
reference to the mine is in 1874, when the 30 fathom east, having been 
cleared, showed a little ore here and there, but nothing regular j and in the 
72 and 84 levels the vein was" too small." 

To the eastward of this mine there is a belt of crushed sericihc slate, 
occupying the ground up to the depression half a mile distant in which 
the Santon River has its source. Numcrous shallow trials have been made 
without success in this tnlet to find the l'l'ojong,ltioll of the lock. ;\8 
suggested in a previons chapter (p. 1GG), there lllay po~sibly be cxtcl1si\'l~ 
transverse faulting in this hollow, llerhap8 the contilluMion of thc eastern 
boundary fault of the Peel Sandstone; and tlli, Illay explain the isolation of 
the small outlier of granite t mile south of Eail'Y (p. 1(6) and the shattered 
condition of the slates between this outlier and the main granite mass, 
a condition likely to render the ground nnfavonrahle for the production 
of lode-fissures. At the hamlet of El,iry, immediately to the eastward of 
the hollow, however, SOllle extensive mining work, known as the East Fox
dale or Central Foxdale Mines, has been done on a vein supposed to rv 
present the continuat.ion of the south branch of the Foxdale lode. The 
Identification is scarcely convincing, since the Eairy vein differs in many of 
its mineral characters, and in its more southerly st.rike, from any portion of 
the Foxdale lode almve·described. 

1 Details from plans in Foxdale Co.'s Office. 
3194 KK 



514 THE 1IBT.iLUFERO"LS VEINS. 

East Foxdale, otherwise Central Foxdale Mines. 

The East Foxdale workings comprise the Amy Shaft a few yards east 
of the bridge '1.t Eairy; the Elizabeth, afterwards renamed Engine, Shaft, 
3~JO yan16 £,uther eastward; and Taylor's Shaft, 200 yards east of the last. 
The fir,t-lllentioned appears to ha,e been only once in operation since the 
early day, of the mine (see Smyth's report for 1876 qnoted below), and 
accunling to plans preser,eel in the ·Wooels and Forests Office had only a 
depth of a little onr ,10 fathoms, ,,·ith short driYings at 10, 30, 
and clO fathoms. The other shafts ha,e been reworked two or 
three times, after longer or shorter inter-mls of inactivity, the last 
working continuing up to 1889; by which time Engine Shaft had 
attained a clelJth of H5 fathoms, and Taylor's Shaft 7,1 fathoms, with 
leyels at about eyery 11) fathoms down to ,10 fathoms, and every 15 
fathoms helow. Although in the aggregate a considerable quantity 
of lead-ore awraging well in silYer (about 35 oz. per ton) was obtained 
from the mine (see Table p. 515) it was insufficient to pay working expenses. 
The t'hief ore-bodies ,yere found to the ea~t of Engine Shaft. The ground 
was complicated al1l1tlifticult, two or three separate lodes or branches of 
the Sa!11e lode heing recognised. Geologically the most interesting feature 
ot the mine is the oCCl~rrence of an intrusi,e ~lyke of. ol~yine-~olerite (sup
posed to be ot Terhary age, see p. 327) III association WIth the lode. 
Similar (lYkes occur in connection ,yith north and south metalliferous veins 
at Ballacorki,h, Bradda, Glen ) .. uldyn and other places in the Island, as 
else"'here described, but this is the only known instance in the Foxdale 
district, or in any other lotle with an approximately east and west course. 
The significant bearing of this matter on the origin and age of the metalli
ferous infilling of the yeins hao been discussed in the introductory part 
of the present chapter. The mine-,,-orkings are now inaccessible, and the 
infm'lllation ,,-hich I was able to collect on the spot regarding the mode of 
the occurrence of the dyke was meagre ancl unsatisfactory; but fortunately 
Sir \Y. \Y. Smyth's report;;. CJuoted helmy, contain lllany valuable details 
on this point ancllJrOve that the lode in this portion of its course is newer 
than the intrusion. There is a doubtful exposure of the dyke at surface on 
the steep slope immediately E. of the bridge at Eairy (see p. 169); in 
the ~poil-heap;; of the old mine ,),00 yards farther east the rock is present 
in abundance. 

The mine was reopened, under the nan~e of "East Foxdale," between 
1860 and 1R63, but beyond the statement that £11,000 were then expended 
,,-ithout result, Dmyth's reports contain no details of this working. In 1871 
a new company commenced operations, and in Smyth's report for 1872 we 
read- " The ()ld ,,-orkings of the 30-fathom leyel and the newer ones of the 
60 amI 75 fathom leyels ~how a great deviation from the regular course of 
the Foxdale Lode, and the presence of dykes and masses of a trap rock" 
rendered the mine a costly problem. In the following year a 15-fathom 
cro;;~-cu t from the 90 16\"el showed" more or less confused appearance of 
win-stuff," and in Taylor's shaft driying was going on in the middle lode 
of three which had heen tested. In 1875 the name of the mine had been 
changed to" Central Foxdale," and the report states that the Engine Shaft 
,yas ,inking 1,do,\" 90 fathoms fin killas, and the PO level had been driven 
.' eel,t alJUllt ,1,l fathoms irom the shaft anel, from the place where the lode 
was cnt, is ,\llIitl the black trap rock, in which mere strings of spar with
ont any ore are seen. ,Yhere the grey killas or slate comes in again the 
lode improH's, and a few stones of ore have bee'n met with" ; the 90 west 
'\"as out 15 fathoms, in ground much disordered and not promising; "the 
60 east has lJeen driven east beyond the confnsion caused by the trap, and 
looks for the last fathom or two as if in a wide body-mass with small 
occasional spots of lead ore, exhibiting as its most promising feature ribs 
of chalybite or spathose iron-ore." In 1876 Smyth notes that he descended 
to the ,10 fathom level in Amy's Shaft" to see the driving west which has 
the black trap rock along1'ide the vein on the north, and altogether a very 
unpromising appearance." In 1877 the yarious drivings are described, 
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including the 90 east, in which an exceptional body of ricb orey ground 
had been found j and the difficulty of becoming acquainted with "the 
ramifications of these disordered lodes" is commented OD In 1878 the 
"hard black stone" is mentioned as making its appearancE' III the 105 level 
west. 

Up to this time Smyth seems to have enteTtained the miners' opinion 
that the dyke cut out the lode, and his report for 1880 is therefore espe
cially important in showing that he found this opinion no longer tenable. 
The passage in question reads :-" At the 120, the deepest level, a careful 
examination shows that the 'black stone' 0/' dolel'ite which it I('(lS feared 
might cut off the lode, is Teally intersected by it, and in the eastern drivings 
the lode, divided into two parts, exhibits a considerable improvement." 
(Italics not in original.] Similarly, in his report for 1882 he mentions that 
III the deeper level then driving, at 135 fathoms, where the lode was in 
places very wide, between walls of clay-slate, there had been" a somewhat 
alarming appearance" of dolerite, but that it "seellls really not to have 
injured the lode." In the previous year he noticed that in the 105 level 
east, where the lode had split into two branches, the nOTth branch had got 
into" the volcanic rock of a rather pale tint." 

In 1883 the mine was again standing, but was resumed by a new com
pany in the following year. In 1886 the report states that 25 to 30 tons of 
ore per month were being raised, and that the 145-fathom leyel (the deepe'it 
point attained in the mine), driving east on the south lode, had lllet with 
some' greenstone' on the north wall. In 1888, in the last of his reports, 
Smyth mentions that he did not go below, but gives the information that 
" spots of copper, with lead and zinc" had been found in a driving at 135 
fathoms on the south lode; and adds that" some stones of granite which 
have appeared in the bottom level form a reminder of the bottom levels of 
Old Foxdale and give encouragement to further sinking." e nder the cir
cumstances it may be doubted whether the" granite" referred to was any
thing more than one of the granitic elvans by which the slates in the 
vicinity of the mine are traversed (p. 167); at any rate no confirmatory 
evidence has been obtained for the presence of massive granite in the 
mlne. 

Output of Lead-ore from East 01" Central Foxdale ~Mine (f)'om "Jfineral 
Statistics "). 

Year. Lead-ore. Silver. Year. Lead-ore. I Silver. 

Tons. OUllces. Tons. Ounces. 
1872 50 819 1881 400 5,362 
1873 135 2,200 1882 450 10,440 
1874 58 968 1883 530 15,900 
1875 20 280 1884 330 9,839 
1876 70 591 1885 325 6,447 
1877 198 1,184 1886 319 10,149 
1878 360 6,074 1887 418 11,625 
1879 360 4,337 1888 

I 
250 6,953 

1880 250 5,032 1889 92 2,559 

From tbe above descriptions it is evident that even if the Foxdale Lode 
be prolonged in these mines it has lost its definiteness of character and 
direction; and it is therefore not surprising to find that all efforts to follow 
it still farther to the eastward bave, up to the present, proved ineffectual. 
Traces of these old trials break the surface in several places on the Dreem 
Langridge east of Eairy, while in the valley near GARTH, one mile east. of 
the EAST FOXD..lLE mines, a more extensive trial known as the NEW Fox
D..lLE MINE was made in 1884-7 with no success. 

3194 KK 2 
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The prospectus of this trial stated that the vein to be tested was 18 ft. 
wide and contained carbonate of iron, barytes, quartz, "pyrites, galena and 
blende. The principal working consisted of a cross-cut adit on the right 
bank of the stream, dri,en about 30 fathoms to the lode; with a level from 
it for 30 fathoms westward on the lode; and three short cross-cuts south 
from the level; only "indications" of ore were obtained. The sericitic 
slate which forms the 'country' in this locality is tra,ersed by an elvan 
of microgranite, which was cut in one of the workings (see p. 168). 

Ellerslie, otherwise known as Bishops Barony, Great 
East Foxdale, or Darragh Mine. 

This old mine is situated on the Bishops Barony on the south-western side 
of the central yalley of the Island, ~ mile S. of Crosby, at the mouth of. 8. 

little glen of the stream draining froID Garth. It has been worked on an E. 
and 'Y. yein supposed to be connected with the Foxdale lode. The mine has 
been reopened at various times, but always without commercial success, and is 
now in ruins. From :\lr. A. 'Y. :\Ioore's researches it appears that the mine 
was commenced about 182.) by the orders of Bishop :\furray, the site being 
fixed "by following the direction of that rich vein which had been 
wrought to such great aclYantage at Little Foxdale" (quoted from the 
" :\Ianx ~~(lYertiser" ne,v~paper). Cumming, in 1848, gave the following 
account 1 :-" It appears to haye been commenced on a very thin even vein, 
con~isting of a narro,\" thread of ore in Teinstone, the outcrop being visible 
at the ~urLlce in a small hurn. .. The vein which has been pursued 
from its outcrop upwards of 300 fathoms, at a depth of 6 to 10 fathoms 
presen ts such a striking uniformity as greatly to discourage further working. 
At one or t,vo points cross·conrses haw been lllet with, but they do not 
affect the ,alue of the ,ein." 

By the later workings a shaft ,yas carried dOIlll to 75 fathoms, and a. 
small qUal~tity of lead obtained. In 18,""[) the mine, then.recently reope~ed 
'\\'as exanllned and reported on L)~' Smyth, who descnbed the pnnclpai 
le\'el as 75 fathoms deep, "and in this a lode ,arying generally from H to 
3 feet in width opened occasionally, as in the present end E., to 5 feet, 
yielding promising rihs of ore." 2 In tbis report Smyth inclined to the 
opinion that the lode, from its" line of bearing and the character of the 
ores," might represent the prolongation of that of Foxdalej but in a later 
report (for 1885) he concluded that the mine was tolerably certain to be on 
a different lode from Foxdale. In 1878 he noted that some fine quality of 
ore '\\'as being obtained from pitches in the back of the 70 fathom level. ." 

In ":\Iineral Statistics," returns of lead-ore are given from" Great East 
Foxdale :\fine" in 1875 and the three succeeding years, amounting in the 
aggregate to 301 tons, and 8 tOllS in 1883 from" Glen Darragh Mine." 

Cornelly or Townsend Mine. 

This mine, abaudoned since 1884, was worked on an east and west lode 
parallel with that of Foxdale, about 11, mile farther north, on the northern 
slope of Archallagan, at the head of a short deep glen-" Glion Darragh" 
of the 6-inch Ordnance map (Sheet 9), but now known to the country folk 
as Ballacurry Glen. The lode was of a curiously irregular character, and 
not easy to follow. Cumming mentions the mine as in operation in 1845-6; 
but respecting these early working8, when it was known as the" Cornelly 
~Iine," no detailed information bas been obtained"; the later operations 
uuder the title of the "Townsend Mine," between 1874 and 1884, are 
described in Sir W. W. Smyth's reports (see below); and plans are also 

1 "Isle of Man," p. 310. 
MSS. in Woods and Forests Office. 
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p!,eserved in the Woods and Forests Office and in the office of the Isle of 
Man Mining Company at Foxdale. From these plans it appears that at 
the cessation of the last workings, the mine consisted of two shafts 
12 fathoms apart, with !fwels from the Engine Shaft (the deepest) at 20, 40, 
50, 65, 80, 95, 110, 125, and 140 fathoms. The pioneer level was the 
95 fa thorn, which was carried 360 yards east and 195 yard~ west of the shaft, 
with a cross-cut going 70 yards southward from it. The chief ore-bodies 
were found in the neighbourhood of the shafts. The lode was very steep, 
with a slight underlie southward in the upper 80 fathoms and in the 
opposite direction below that depth. It contained much chalcedony, and 
had been affected to even a greater degree thftn the Foxdale lode by 
recurring movements by which the vein-material as well as the country
rock had in places been fmctured, rounded and afterwards re-cemented. 
Among the minerals noted by Sir W. W. Smyth 2 from this vein besides 
galena, chalybite, etc., are semi-opal or cacholong, hornblende (" mountain
leather "), a beautiful iridescent variety of galena, and a curious variety of 
zinc-blende in balls with a radiated structure. A considerable output of 
lead-ore was made from the mine, bnt not in qnantity to pay the expense of 
working. As the returns were included with those of the Foxdale JIines, 
no statistics are ft vftilft ble. 

The chief geological interest of the mine lies in the fact that, as 
mentioned on p. 165, though nearly 1~ miles N. of the nearest outcrop of 
the gmnite, the shaft penetrated that rock beneath the slate ftt 300 to 400 
feet below the surface. Judging frOlll the material on the spoil-heaps, some 
part of the igneous rock reached in the mine possessed the massive boldly
crystalline character ot the Foxdale intrusion, and was not like the 
micro-granite dykes which strike out from that mail,;. It is therefore 
probable that the granite represents a local protuberance on a deep-seated 
mass, and not merely a dyke. The rock seelllS to have occurred very irre
gularly in the workings, at first in detached strings and afterwards in a 
massive body; and the deeper levels both east and west were again in 
slate, though the cros~-cut south was in granite. The evidence given below 
sugg~sts th~t the intl'l~sion fOl'l~led a pipe-like lllass inclining westward i' 
the tine-grallled matenal lllentlOned III the reports probably occurrec 
around the margin, with the more coarsely crystalline rock described 
on p. 315 in the interior. The high degree of schistose and garneti
ferous alteration in the slate-rock of this vicinity has been discussed in a 
previous chapter (pp. 111-2). 

It is fortunate that Sir W. W. Smyth'~ rellOl't~ contain descriptions of thi~ 
interesting mine, as the workings are now inaccessible. The follmving 
passages have been selected from these reports as showing the general 
character of the lode and of the granitic intrusion.3 In his report for 1875 
Smyth states :-" The shaft is again sinking [below tire 60-fathom levell 
and a peculiar phenomenon which somewlHtt links this mine with Old 
Foxdale is that veins or tongues of granite intersect the schistose rock, 
whilst a greftt difference is in the hardness of the rock, which scarcely 
requires any timbering." In 1877 we learn that in the 80-fathom E. level 
(then the deepest)" the lode is generally 2 or 3 feet wide, Imt carrying narrow 
vugs or caverns of great length lined with beautiful cryMals of gnlena, but 
not enough to make a rich lode." In 1878," the last 6 fltthollls of the 
shaft [above 95 fathoms 1] were in hard grey granite; the 9f>-fatholll level 
had been driven about 30 fathoms, and was productive nearly all the way 
through; the lode a very singular one, vuggy, sometimes fragmentary with 
sharp angular country stone; the ore attached very generally in single or 
groups of cubical crystals to thin pl/ttes of (luartzy veilJstone with Lrown 
spar; and the better parts giving about a ton to the fatholll. . . . . 
About the place where the east end [of the 80-fa thom level east] was 
in 1877, granite had come in onthe country and continues to the present 

1 For access to the It.ter plans and much other information Illy thallb 
are due to Capt. W. H. Kitto, of Foxdale. 

II In "List of Manx Minerab," op. cit., pp. 143-147. 
3 From MSS. in the Woods and Forests Office. 
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end [toe., for about 45 fathoms] where the lode is pinched to dimensions 
of 2 to 5 inches." It is also mentioned that a quantity of gas, probably 
~arbon anhydride, had been given off for weeks together in this part of the 
mine, a feature likewise oh:lerved in the Foxdale lode in granite (see p. 503). 
In 1879 it is noted :- " the Townsend mine is proving to be a remarkable 
place, as having a distinct character from either of the other mines in the 
neighbourhood r i.e., Foxda.le and Central Foxdale], and as yielding a 
large amount of lead ore very little intermingled with vein-stuff or foreign 
substances ... The 95-fathom level west shows a small but orey rib of 3 or 
4 inches in mica-schist. A pitch above this level is in a wonderful group 
of parallel ribs and cavernous hollows studded witli crystals of galena of 
all sizes up to 6 inches across; the whole occupying 3 fathoms in width, 
and having to be heavily timbered." The 65-fathomleveleast was driving
"the country intersected being micaceous schist, which in a large part of 
the deeper exploration is replaced by a granitello or unusually fine-grained 
granite." In 1881 the 95-fathom level east (which had commenced in 
granite) was visited, and "at 150 fathoms from shaft I found that for a 
long distance the level had been in a dark hard schist with an utterly 
sterile lode .... The llO-fathom level west was in a granitoid rock, very 
hard, with scarcely a vestige of a lode." In 1883 it is noted that the shaft 
was down below 140 fathoms, and that the 125-fathom level east had a 
poor quartzose lode of 3 feet, and a good rib, 4 to 6 inches wide, of beauti
fully iridescent lead-ore, while in the same level west the lode was a mere 
string an inch wide set in hard granite rock. The latest mention of the mine 
is in the report for 1884, where we learn, respecting the deepest level,-" the 
140-fathom level which is again in the slate-rock, exhibited at first, on the 
east, the old 'Townsend' type of a hollow broken lode and with bold 
crystallisation of lead ore," but afterwards changed for the worse. The 
deepest level appears from this account to have been altogether in slate, 
but we are informed by Captain Kitto that the 8haft itself was in granite 
to the bottom, though the ends of all the pioneer levels were in slate. 

Traces of old trials are seen on the north side of Cooillingill near Crosby, 
1 mile to the east of the above mine; and others, 1 ~ miles to the west of it, 
on the western slope of the lower part of Foxdale (see List, pp. 552-53.) 
These are said to have been on supposed prolongations of the Cornelly 
lode; no further information has been obtained in regard to them. 

Trials South of Foxdale. 
On the southern side of the watershed, south of Foxdale and 

South Barrule, traces of old mining trials are to be found in most of 
the little glens wherever any appearance of a vein is visible, and indeed 
tlometimes where there seems to be nothing to have encouraged the search. 
Those in respect to which n·) special information is forthcoming 
are included in the List of Small Workings given on p. 553. In his report 
for 1858, Smyth mentions that the researches in progress on the south side 
of South Barrule were" very precarious," and that a small shaft had been 
sunk near Ballamoda farm-house where some surface-stones of ore had 
been found. Another of these trials was made between 1870 and 1874 
on the left bank of the Santon River, 60 yards above Campbell Bridge 
near Ballanicholas (Sh. 13), rather over a mile south of the East Foxdale 
Mines. This was known as the BALLA NICHOLAS MINE; it returned 
3£ tons lead-ore in 1872. It appears to have been worked at the 
junction of a granitic eIvan with slate (see p. 167); the lode was 
supposed to haye a N.N.\V. Rtrike, but seems to have been ill-defined. 
Smyth refers to the working' in his report for 1871, stating that a discovery 
of orE' of remarkably tine (lUality ball enahled a large pile to be raised from 
:J fms. of driving at the bottom of a 12 fm. shaft, but that it did 
not look like a lode. In 1873, he mentions that the shaft was being sunk 
below the lO-fathom level; and in the following ycar that work had been 
suspended with the loss of some hundreds of pounds. 
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LAXEY GROUP. 

Laxey or Great Laxey Mines. 
Standing in the first rank of British metalliferous mines, this great mIlle 

has been second only to:Foxdale in the Island as a producer of lead-ore, 
while its output of zinc-blende for a long series of years surpassed that of 
any other in the kingdom, and indeed was sometimes greater than that of 
all the other British mines combined. At one period of its career the mine 
was also a producer of copper ore, though not to a large extent. As the 
Statistics gIven on a subsequent page will show, it has, however, of late 
years shown progressive decline, its annual output lately averaging less than 
half that of its palmy days. 

The mine is established on a north and south lode (average direction 
about N. lO° W.), having an easterly dip, the country rock being the Lonan 
Flags of the ~fanx Slate Series. Although worked to within a mile of the 
coast, the lode has never been identified in the cliff-section, and was pro
bably first discovered in the bed of the stream. According to an authority 
quoted by Dr. Berger, it was" opened and wrought by a mining company 
of Cumberland, about the commencement of the last [ISth] century." 1 Mr. 
A. W. Moore (" History," vol. ii., p. 965) gives reference to documentary 
evidence of its having been worked about 171'32. Feltham, in 1798 
(" Tour, etc.," p. 243), mentions a " new level" 160 yards long, a mile and a 
half up the glen, which he examined. Woods, writing in ISH, gave a full 
description of the workings, which consisted of t,yO levels from the banks of 
the river, the upper level,100 yards long, following a vein nearly 4 feet wide 
consisting of quartz, blende, galena and some green carbonate of copper, 
blende being the most abundant; a small quantity of phosphate and 
carbonate of lead ,vas also noted, and the lead reported to contain as high 
as ISO ounces of silver to the ton j but where the copper ore occurred, the 
lead was in small quantity and of poor quality [a feature subsequently found 
to characterise the lode in its deeper portions also] j in the new level, of mile 
lower down the river, which was 200 yards long in 11'301'3, carbonate of copper 
and blende alone had been discovered; only three men were employed in the 
workings.2 Tile vein was again described by Berger in 11'314 3 and by T\1accul
loch in 11'319 ;4 but both observers found the workings abandoned; the latter 
author mentions the presence of calcareous iron ore (chalybite) and the 
steel-grained variety of galena. A phn of the mine by J. A. Twigg dated 
11'326, preserved in the Woods and Forests Office, shows the" Old level" as 
"wrought out," and a shaft, 34 fathoms deep, communicating with the 
"New level to unwater the mine." 

Vvork was resumed a few years later on a more extensive scale, with 
profitable results; so that Cumming in 1847 found the adit to be 400 
fathoms long, and two shafts, ,yith drivings, down to 130 fathoms below 
the adit, employing 300 men.s Since that time the development of the 
mine has been carried on continuously, the details being published in the 
periodical reports of the managers which are reprinted in the Manx news
papers.6 The principal underground workings of the mine are in the 
lower part of Glen Agneash (men .11[0001' : 6-inch, Sh. 8), where the three 
deep shafts are situated. At the time of my visit at the close of 1895, the 
most southerly, or Engine Shaft, had attained a depth of 247 fathoms; 
the next, or Welsh Shaft, 150 yards farther ~., was down to 295 fathoms; 
and the third or Dumbell's, 520 yards N. of the last, was 266 fathoms 
deep all follo~ng the underlie of the vein. These shafts have levels at' 
abou't every 10 fms. down to the bottom; the pioneer level S. was the 

I Trans. Geol. Soc., vol. ii. (11'314), p. 51. 
2 "Account, etc.," op. cit., pp. 11'3-20. 
3 Trans. Geol. Soc., vol. ii. (11'314), p. 51. 
4 "Western Isles," vol. ii., p. 577. 
6 "Isle of Man," p. 308. 
e Files of these new~pApers IlIft,! be ronf'nlteo In the DouglAR FrNl 

Library. 
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235, which went 203 yards S . of Engine Shaft; and the pioneer N., the 251'), 
which at the above mentioned date went 604 fms N. of Dumbell's Shaft; 
the length of the deep galleries from end to end of the mine is therefore over 
Ii miles. Shallow shafts communicating with the upper workings exist 
both N. and S. of those above mentioned. 

MINERALS OF THE LODE.-The 'lode' varies greatly in breadth and 
character within short distances, both horizontally and vertically, being 
sometimes as much as 25 feet in width (' at the 190 fathom level near ,the 
shaft,' vide S~yth's report for 1857), and sometimes" gradually dwindled to 
a mere string without a speck of ore, hardly to be recognised by the un
practised eye" (in no N.; ibid. report for 1870). It usually presents clean 
well-defined and slightly polished walls of slaty flags, between which the 
infilling vein-stuff consists chiefly of quartz (with a little chalcedony) in 
ribs :parallel with the walls, and calcite, mixed with more or less slate
breccIa and with the metalliferous deposits. Zinc-blende and galena which 
constitute the principal ores occur alternating with quartz in ribs, and 
similarly in globular incrustations around 'vughs' or cavities in the lode. 
The copper=pyrites was mainly obtained in the southern part of the mi,:tie 
(south of Engine Shaft), "especially associated with dolomite," land 
occurred in thin strings after the ores of the other metals had dwindled 
down to an insignificant quantity; both here and in some of the deep 
levels farther north it Beems to have formed a scanty ragged fringe to the 
great bodies of blende and galena of the central part of the mine, and its 
incoming was therefore looked upon with disfavour as indicating the 
proximity of the limits of these ore-bodies. The galena is of good quality, 
averaging 40 oz. to the ton of silver. Among other crystalline constituents 
of the lode are iron-pyrites, chalybite, pyrrhotine (northern part of adit, 
vide Smyth's report for 1882), parytes (" rare in Laxey" e) dolomite (" in 
perfect rhombohedrons" 3) and calcite. Sir W. W. Smyth also notes the 
following in the old workings, or in the upper part of the lode: melanterite, 
sulphate of copper, melaconite, pyromorphite (" near Dumbell's shaft"); 
and steatite (" a white variety, spotted with crystals of zinc-blende, abun
dant at the 100 fathom level,") and anthracite (" a 3-inch band on the ~t 
wall of Laxey lode, 100 fathom level, S. of Engine Shaft, very pyritous"). 4 

ANTHRACITE.5-The occurrence of the last-mentioned mineral is of 
peculiar interest, but the available information respecting it is IPeagre,and 
I have not boei~ able to ascertain whether it was a constituent Of the 
lode as Smyth Itjlpears to suggest, or belonged to the adjacent' country' 
slate-rock. Mr. J. [E.] Taylor in describing the slates in 1864 men
tioned the anthracite as occurring in 'thin veins,' and implied that it was 
interbedded with the sedimentary strata; but whether his description 
was based on personal observation or on miner's information is uncertain.6 

According to the recollection of Mr. Killip, the under-manager of the mine, 
the substance occurred as a vein, not more than an inch thick and a few 
inches long, in the" copper ground" between the "Engine" and" Corner" 
shafts, and formed part of the lode on the hanging or east wall. 
Captain J. Kitto, however, who also had personal remembrance 
vl the circJillstanceR, thinks that the anthracite lay between 
~eds of the c"llntrV-l"Ock and like them went off from the lode. 
The significance 01 this undecided point is that if interbedded with the 
., lates the anthracite must be regarded as the product of contemporaneous 
organic growths, like the coal-seams of later times; but if a vein
deposit it would presumably be akin in its genesis to plumbago and other 
carbonaceoLls substances sometimes found in veins. It should . be 
lJlentioned that no interbeddfld seam of this character was' anywhere 
observed at the surface in the Manx Slate Series. 

1 "List of Manx Minerals." Trans. I. of Man Nat. Hist. and Antiq. Soc., 
vol i., pp. 143-147. 

2 Ibid. 3 Ibid. 4 Ibid. 
6 A specimen of this mineral from Laxey is preserved in the Museum o~ 

Practical Geology. 
6 Trans. ~fanch. Geol. Soc., vol. iv., p. 75. 



DETAILS: LAXEY MINEs. 521 

GRAiuTIC DYKES .ANn AGE OF LODE.-The 'lode' appears to be & 

simple fissure-system extending down to an unknoWn depth, along which 
slight movement has taken place without causing much rciative displace
ment of the opposite walls. As bearing upon its age it is interestmg to 
find that in the northern part of the mine the lode breaks across the 
characteristic elvan-dykes of the Dhoon Granite. The nearest point of 
the surface-outcrop of this granite is on the hill-top, 1,050 yards east of the 
underground workin~s, and there is no indication in the bottom of the 
mine that the margm of the intrusion is any nearer than at the surface 
(p. 143). A dyke of micro-granite or quartz-porphyry 20 feet in width, 
striking S. 20°_30" W., probably identical with that seen in the stream 
in Glen Agneash (p. 144), is traversed by the. 255-fm. level (at this 
point about 1,800 feet below the surface) at 490 yards N. of Dumbell's 
Shaft; and the lode, carrying a little blende, distinctly cuts across the 
intrusIOn without perceptibly displacing it. A second, smaller elvan, 
4 feet wide, is seen under similar circumstances 154 yards farther north in 
the same level. In the southern part of the mine the lode similarly inter
sects a group of the 'older greenstone' dykes, which were injected into 
the slates at a period anterior to the intrusion of the granite (see p. 144). 

It has already been shown that the sedimentary rocks had undergone 
extreme deformation before any of these greenstones or microgranites were 
intruded among them; and moreover, that both sets of dykes have been 
affected by later movements of great severity. The development of the 
fissure has clearly been subsequent to the latest of these crushing move 
ments, and cannot have taken place earlier than Carboniferous times, while 
it may have been much later; so that its metalliferous infilling cannot in 
any case have begun until towards the close of Palaeozoic times, and is 
more probably long subsequent. . 

'SLIDEs.'-Another factor of much consequence in relation to the age of 
the lode is that it is displaced at intervals by transverse (E.-W.) 'slides' 
or dislocations, which are apparently true normal faults. At the southern 
end of the mine, south of 'Corner Shaft,' the vein seems to have 
encountered a close-set group of these' slides' and to have been dislocated 
and perhaps terminated by them, the various attempts to recover it in the 
lower part of the glen by day-levels and cross-cuts (including the' Glyn 
adit' about 175 :athoms in length) having proved unsuccessful. Farther 
north the slides have better-defined individuality, the same dislocation 
being recognised by the miners in the successive levels down to the bottom 
of the mine. Thus the' Big slide' intersects the lode at HiO yard~ south of 
Engine Shaft, and carries it 10 to 20 feet westward on the south side, the 
dislocation dipping south at about 70" from the horizontal and splitting 
into two branches below 30 fathoms. 'Welsh Slide,' emerging at the 
surface near Welsh Shaft, has a slightly steeper dip in the same direction 
and affects the lode in a similar manner, displacing it about 6 feet 
laterally (the chief "copper-ground" of the mine lying between 
these two slides); but according to the mining plans it unites near 
the 200 fathom level with another dislocation hading in the opposite 
direction, known as 'Engine Slide,' the two enclosing a huge wedge of the 
lode between them. Farther north is 'Dumbell's Slide,' dipping south at 
60°, and intercepted by Dumbell's Shaft at a depth of 12 fms.; and this is 
joined at lIO fms. by a slide with a slightly steeper dip in the same 
direction. In the explorations still farther north other dislocations were 
passed throu~h, dipping in the opposite direction or northward, and conse
quently shiftmg thc lode eastward on the south side; and these apparently 
form a rude northerly boundary to the ore-bearing ground. The average 
strike of these transverse faults is E 20"_30° N., which is also approximately 
that of the strata forming the 'country.' Wherever I was able to 
examine these faults in the mine-workings they presented a rather sharply 
cut joint-like aspect, generally. with a little soft 'dowky' matter or 
crushed rock between the faces, but with no quartz. The direct vertical 
di!lplacement which they have effected was estimated to range from 20 feet 
or less to about 70 fp-et, but this estimate is of uncertain value, aR the 
movement has probably been obliQ.ue. 
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Though evidence was sought to show whether the deposition of the ore 
in the lode took place before or after its dislocation by these transverse 
f~,ults, no very definite conclusion was attaiued. So far as I could learn, 
the only ca~e of ore having been found in a slide was that reported to me 
by Captain W. H. Rowe, who remembered a lit.tle "steel-grained" galena 
being met with in the AgneashSlide between the adit and 12 fathom 
level. But this absenee of ore may be due merely to the' tightness' and 
lack of cavities in the fault-planes. The lode itself is usually imp over
isherl in the immediate vicinity of the slides, consisting there chiefly of 
brecciated' country rock' with very little quartz or metalliferous infilling; 
which suggests that it has been shattered by them before the formation of 
the ribs of quartz and ore within it. Hence, the indications do to some 
extent suggest a later date for the principal infilling of the lode; and it 
seems not improbable that the effect of the transverse faults may have 
been to reopen the older fissure and cause a slight gaping in it where 
the rocks were firmest and least liable to crumble, thus giving rise to 
empty spaces in which the crystalline constituents of the lode afterwards 
segregated. Unfortunately, owing to the absence of newer rocks than the 
Slates, the district affords no direct clue to the age of the faults; but it is 
worthy of note that on the Cumberland coast the N.E. to S.W. faulting has 
been shown .to be Post-Carboniferous and Pre-Triassic (see p .. B7). 

While the metalliferous lode is for the most a single fissure, it is here and 
there complicated by minor' branches' going off from it at a low angle, in 
which occasionally a little ore has been found; and other parallel but un
productive joints or fissures appear to traverse the slates in its vicinity, 
one of which, known to the miners as the' East Lode,' has been reached by 
easterly cross-cuts about 70 yards E. of the main lode. The principal 
ore-deposits have been found in that part of the mine which lies between 
Engine and Dumbell's Shaft,· occurring vertically in large irregular 
len ticular sheets showing a general tendency to descend northward. North of 
Dumbell's, the ore as yet discovered has been dispersed in smaller masses, 
with wider spaces of barren ground between, and in the most northerly 
drivings is reduced to mere specks. ' 

THE' COuNTRy-RocK.'-In the principal part of the mine the strata 
belong to the Lonan Flags division of the Manx Slates and consist of firmly 
welded greyish and bluish sandy and slaty flags; and it is interesting 
to find that these extend without noticeable change of character from the 
surface to the bottom of the mine over 1,200 feet below sea-level (p. 33). 
Like most of the metalliferous veins of the Island, the lode is in the VIcinity 
of the structural axis of the slate series; and the change in the direction of 
the dominant bedding, from S 20° E. to N. 20° W., may be observed 
in the mine-workings. South of Dumbell's Shaft the general dip of the 
contorted strata is at a high angle, usually between 60° and BO°, towards 
S. 20° E.; but in the 255-fathom level a short distance north of this shaft, 
the bedding ranges from vertical to 70° or BO° towards N. 20° W., and con
tinues to dip in this direction, at a slightly lower angle, to the N. end of 
tIle level. In the deepest level (295 fathoms) the change sets in a little farther 
south, the N. 20° W. dip being found at about 450 yards north of Welsh 
Shaft. In both cases the obscure strain-slip cleavage is inclined in 
the flame direction as the dip, but at a much lower angle, usually about 20°. 
The deep position of this structural anticline corresponds fairly well with its 
place at the surface. At about 700 yds. N. of Dumbell's Shaft the 255-fm. 
level passes into darker and more argillaceous strata for about 300 yds. 
and then into very hard sandy flags, which are probably the commencement 
of the Agneash "Grits that outcrop on the mountain overhead; and as 
neither type of rock is so ·well fitted to develop an open fissure as the 
homogeneous flags farther south, it may be ·from this cause that the lode 
is pinched and impoverished in this part of its course. As the northward 
termination of the profitahle part of the mine nearly coincides with the 
change in the direction of dip of the,' country,' the miners have come to 
regard this change as itself detrimental; but more probably it is because 
the N. 20° W. dip ushera ill the unfavourable modification of the' country' 
that it conRtitutes an untoward omen. 
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Precisely as the tria.ls in Laxey Glen Bouth of the mine, and on the 
coast, where an adit was driven 50 fms. into the cliff, have failed 
to discover the prolongation of the lode in that direction, so, also, trials 
have been made without success on the western bank of Glen Agneash, 
and again at the head of the glen (where it is known as Glion Ruy), to 
discover its northward extension. In this direction it would have 
approached nearer the outcrop of the Dhoon Granite than in any other part 
of its course j and the deterioration of the lode in the underground workings 
north of Dumbell's Shaft, as well as the poverty of the veins which have 
been tested at the Dhoon (p. 528) in close proximity to the igneous boss, 
tell strongly a.gainst the supposition that the presence of the metalliferous 
deposits is due to the contiguity of the granite (see also ante, pp. 491-2). 

ANNUAL OUTPUT OF LEAD, ZINC, AND COPPER ORES FROM THE 

GREAT LAXEY MI:lj<E BETWEEN 1845 AND 1900. 

(From Mineral Statistics in Mem. Geol. Survey, vol. ii. (for 1845 to 1847) 
Records of the School of Mines, vol. i., pt. 4 (1848 to 1852); Home Office, 
Mineral Statistics (1853 to 1900.) 

Silver • Total 
Year. Copper-ore.1 Zinc-Blende. Lead-ore. contained Estimated 

in Lead-ore. Value. 
~~" 

Tons. Tons. Tons. Ounces. £ 
1845 79 - 327 
1846 92 - 220 
1847 60 - 375 
1848 - -- 695 
1849 - -- 815 
1850 - - 810 

..,;. 
J:--

1851 - - 900 00 
.-< 

1852 - -- 800 32,400 Q) ... 
1853 _. - 698 28,130 0 

'H 

1854 64 1,4352 900 32,336 Q) 

..0 
1855 - 3,9902 800 24,400 "d 
1856 94 3,000 700 24,675 $ 
1857 169 2,909 500 17,625 cI1 

~ ., 
1858 403 2,777 600 21,068 +> 
1859 354 800 19,826 0 - I": 
1860 333 3,181 800 16,936 Q) ... 
1861 731 3,255 600 11,184 0 

1862 942 691 700 16,380 .,:, 
cI1 

1863 1,263 2,298 800 19,440 ~ 
1864 127 5,356 1,250 59,000 '+-< 

0 
1865 1,317 5,488 1,500 65,293 Q) 

1866 294 4,960 1,800 81,054 ::! 
~ 1867 400 5,362 2,100 93,365 t> 

1868 412 3,278 2,300 105,020 
1869 400 7,208 2,200 101,244 
1870 300 4,067 2,130 87,760 
1871 100 5,718 2,300 98,221 
1872 

I 
300 2,973 1,300 52,316 

1873 - 5,:370 2,355 94,870 
I 

1 I~ Mem. Geo~. Survey, vol. ii., p. 715, the earlier statistics on next page 
are glven respectmg the annual sales of Laxey Copper-ore at Swansea. 
The output of the other ores for the same period is not recorded. 

2 La.rgest in the United Kingdom. 
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. . 

Year. Copper-ore. Zinc-Blende.1 Leadcore. 
Silver I . Total 

contained Estimated 
in Lead -ore. Value; 

------

1874 - 6,925 2,100 86,268 £58,246 
1875 -- 11,753 2,400 107,420 90,915 
1876 75 8,582 2,500 57,460 85,0461 

1877 8 8,645 2,222 94,749 77,835 
1878 30 9,411 1,395 49,898 52,947 
1879 -- 7,200 1,200 40,500 46,792 
1880 35 7,425 1,300 24,745 53,474 
1881 -- 7,568 1,700 52,50[0] 59,188 
1882 - 7,750 1,755 70,200 19,9502 

1883 200 4,720 1,540 61,600 45,176 
1884 - 5,625 1,537 61,188 43,408 
1885 230 5,340 1,588 63,219 42,700 
1886 -- 4,715 1,765 72,030 47,622 
1887 - 4,540 1,545 63,052 42,207 
1888 46 4,600 1,535 62,643 42,158 
1889 - 3,900 1,615 65,908 43,880 
1890 - 3,844 1,430 58,359 . 48,328 
1891 - 2,825 1,120 45,708 32,7.63 
1892 - 2,390 943 39,427 24,763 
1893 - 9,145 902 36,811 18,701 
1894 - 2,040 527 21,507 13,042 
1895 - 1,417 403 16,447 8,917 
1896 - 1,180 399 15,884 8,762 
1897 -- 1,610 247 10,080 8,894 
1898 

I 
- 1,575 138 5,632 9,404 

1899 - 1,390 158 6,448 11,831 
1900 -- 1,216 95 3,877 7,471 

I I I 

Appendi:r- SALES OF LAXEY COPPER-ORE AT SWANSEA, 1828-1837. 
----------- ------

Year. 

1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 

Tons. 

28 
161 
238 
283 
341 
249 
268 

77 
89 
69 

Year. 

1838 
1839 
1840 
1841 
1842 
1843 
1844 

Tons. 

121 
183 
278 
368 
406 
207 
46 

Total 3,412 

North Laxey Mine. 
The location of this mine is in the upper part of the Cornah valley, 

I! miles west of Co~rany (six-.inch, Sh. 8). It has been in .operation, with 
short intervals of qUIescence, smce 1856, and has produced III the aggregate 
a considerable quantity of lead-ore, but not as yet sufficient to repay the 

1 Plus value of copper, not su:ted. .. 
2 There i~ evidently an error III the statIstIcs here; £30,000 should pro

bably be added. 
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cost of working. The following description is bllsed on my personal 
examination of the mine in 1895, and on information then kindly placed at 
my disposal by the manager, .JIr. J. Corlett. Some details of interest 
regarding the earlier workings, whirh are now for the most part inaccessible 
are added from Sir 'IV. W. Smyth's Reports. 

The mine is worked on a lode "'hich cros2es the bottom of the valley in 
a nearly north and south direction, ,,-ith an underlie or dip westwa.rd. 
Two shafts have been sunk, 70 yards apart, the South Shaft to the depth of 
no fathoms and the North Shaft (in December, 18(5) to 174 fathoms. The 
mine has levels at 12, 27, 38, 50, 60 (the two last in South Shaft only), 73, 
84,96, no, 121,136, 146, and 170 fatbom~; the longest or pioneer levels were 
the 146 northward, Itnd the 60 southward. The' lode' is mainly indicated 
by a quartz vein, bunchy iu character, sometimes only 2 or 3 inches wide or 
even nipped out to a mere joint in the slate-rock, and sometimes swelling 
to a width of 3 or more feet, and then 'lften full of crystal-lined 'vughs' 
or cavities which whcn first tapped discharge water, but soon dry up. It 
contains in places ribs and bunches of galena and scattered patches 
of other minerals, including barytes (in thc deepcr workings), pyrites, 
etc. The fissure does not appear tn repre~ent a fault of any consequence. 
The country-rock, which dips steeply north-,,'estwanl, is a firm dark slate, 
interbedded at intervals with hard bands of quartz-veined gri1: (see p. liB), 
one of which, 3 feet in thickness, was well exposed at the bottom of the 
North Shaft at the time of my yisit. The ore-bodies ha ve shown a tendency 
to sink nortlm'ard, being met with at shallower depths in the southern 
than in the northern part of the mine. 

Turning to Sir \V. 'IV. Smyth's reports 1 ,ye find mention in 1857 that at 
10 fathoms there was a little ore, only a few inches wide; in 1860 the 
South Shaft was at 40 fathoms, and the lode still small and producing only 
a little ore; in 1865 some orey ground had been found in the 60-fathom 
leyel south, but the" end got into black ground, bedded rather flatly," and 
not promising; and in the following year it is noted that the same leyel had 
"poverty-stricken white quartz for its veinstone." In 1869, in the 110 
level of the South Shaft the lode proved quite poor on the south, hut 
bolder a.nd better on the north; and the discovery of ore in the 96 and R4 
north drivings, ,\'here there was "a really tolerable lode," led to the 
renewed sinking of the old [North] Shaft which had previously stopped at 
38 fathoms. In 187:2 the N vrth Shaft was down 120 fathoms, and the lode 
there 4 or 5 feet wide, but quite worthless; and in the no level half-way 
between the shafts the vein was also of good size, but calcareous and 
unprofitable. In 1876, it is noted that the lode at 136 fathoms dmyn w&:.; 
sprinkled with lead and zinc; and in the following year that at 146 fathoms 
it was" dull quartz with a few large crystals of calc-spar in the cavernous 
hollows." 

In the annual" :Mineral Statistics," nturns of lead-ore from this mine 
are given for all the years between 18m and lR78 inclusiye; also for 
1880-1, 1891-4, and 1897, amonnting in the aggregate to 1,763 tons. 

Glencherry Mine. 
This name was given to a ~Illall mine in the bottom of the Cornah 

Valley 650 yards easCof the North Laxey Mine, with which it has since 
been amalgamated. \Y ork was carried on here, chiefly between 1865 and 
1875, on a north and south lode with an easterly llllderlie, which yielded 
8. small quantity of lead ore. Two shafts were sunk, the South Shaft to 
15 fathoms, and the Engine Shaft to :3~) fathoms, with levels at Iii, 20 and 
35 fathoms. 2 Sir \Y. \Y. Smyth describes the nnrlergrouncl appearances in 
his reports as follows 3 :-In 1866, when the shaft was dmyn 8 fathoms, it 
was "on a lode 5 or 6 feet wide yielding extremely promisillg stones of 
weathered galena with incrustations of green and of white lead ore;" in 

1 "MSS. in Woods and Forests Office. 
• Information from :Mr. W. H. Rowe. 
3 MSS. in Woods and Forests Office. 
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1867, the In fathom level had been driven 12 fathoms north, and showed a 
little ore; in 1868, it is noted that the favourable symptoms had been of 
short duration, and the ground very changeable-the 20 fathom driving 
north had a little ore which dwindled away after a few feet; in 1869, the 
20 and 35 fathom levels had been driven for some fathoms without find
ing more than a mere sprinkling of ore; and in 1871, the 35 fathom 
,evel had been driven some 15 fathoms, showing a lode 2 to 3 feet wide 
with no other mineral than a little pyrites in sight. 

East Laxey Mine. 

Under this title an unsuceesdul trial for copper, on which many 
thousands of pounds were expended, was carried on between 1866 and 1869 
in the Cornah Valley 600 yards west of the bridge at Corrany (Sh. 8). An 
adit was driven from the bank of the stream for 65 fathoms with a 
direction of N. 30° vV. on a hard quartzose lode, underlying westward, 
said to contain little pockets of copper pyrites and iron pyrites; and a 
shaft was sunk to 20 fathoms, with a level at that depth for 40 fathoms 
northward. Another adit was driven, for a few fathoms only, into the 
south bank of the stream. No saleable quantity of ore was produced. l 

Sir W. W. Smyth refers in his report for 1867 to the driving of a level on 
"a miserable-looking hard vein with but a few specks of copper pyrites 
here and there" ; and in 1868 states that he examined the 20 fathom 
level for 40 fathoms north, and found a lode all the way, without ore 
or promise. 

East Snaefell Mine. 
The company using this title was formed about the year 1864, to test 

the supposed extension of the Great Laxey lode in the upper part of the 
Cornah Valley, 650 yards above the 'North Laxey Mine.' A day-level 
(imlicated on the six-inch ordnance map, Sh. 8) was driven S.S.E. into 
the hill-side, on a gossany clayey 'lode' underlying east, but no metal 
was found. 2 Smyth writes of these trials in his report for 1865, that 
"some short drivings and the sinking of a sump for a few feet have shown 
that there are lodes in this ground, but nothing of promising appearance, 
far less productive, has been seen." The company afterwards transferred 
its operations to the" Glencherry Mine." 

Snaefell Mine. 
This mine, on which work wall seriously commenced about the year 1856 

and has been continued, with some interruptions, up to the present time, is 
situated at the eastern foot of Snaefell on the north branch of the head
waters of the Laxey River, 3 miles N.W. of Laxey village. The lode, which 
was discovered in the bed of the stream, strikes about N. 20° W. from the 
mine, but swings to N. 30°_35° W. towards the northern extremity of the 
underground workings. Its underlie is eastward at about 75° from the 
horizontal. It consists of a belt of crushed slaty rock, often 'dowky,' 
interpenetrated by strings of quartz associated with dolomite, calcite, 
galena, zinc-blende, and a little copper-pyrites, iron-pyrites; and pyrrhotine 
(" in the form of acute hexagonal pyramids "). Sir W. W. Smyth also 
records 3 impure graphite (" 100 and 130 fathom-levels") and manganese spar 
(" small crystals in small isolated 'vugs' or locks," found about the year 
1876). The width of th~ space recognised ~s 'lode' varies .fr?m 6. inches to 
60 feet or more; hut its hunts are generally Ill-defined, and It IS saId to have 
, branches' in places on both sides, with more or less broken country-

1 From information obtained from Mr. W. H. Rowe. 
~ Ibid. 
3 "List of Manx Minerals," op. cit. 



DETAIl.S: SX.-\EFELL 1fINE. 527 

rock between; and the lode is considered to be most favourable where 
these' branches' fall into it. This broken ground probably marks a line of 
Laulting which may be of considerable magnitude, though the highly con
torted and complex structure of the strata precludes any trustworthy 
estimate of the displacement. The mine is placed on the narrow belt of 
banded slates with gritty intercalations \vhich form the passage beds 
between the Barrule Slates on the west and the Agneash Grits on the east, 
but the deeper northward workings appear to enter the Barrule Slates. At 
the time of my examination in 1895, it comisted of a single shaft, following 
the dip of the vein to the depth of 171 fathoms, with levels, below 
the adit, at 25, 40, 60, 74, 85, 100, 115, 130, ]41, 158, and 171 fathoms, 
chiefly driven northward under the mountain. The most northerly point 
of the mine was the 130-fathom leyel, which was 530 fathoms out from the 
shaft; and the most southerly, the 141 level, out 60 fathoms. The levels 
communicate with each other by a series of \yinzes connecting with the 
adit-le\'el which enters the hillside 100 yards X. of the shaft.' 

,Yhile a little ore has been found in lllany places in the lode, the principal 
bunches hitherto discovered lay at 60 to 80 fathoms north of the shaft in 
the upper levels, and at over 250 fathoms north in the lower leyels. 
Including 1900 the total output of ore from the mine since the year 1870 
recorded in "jIineral Statistics," is 4,.'i67 tollS lead-ore and 8,926 tons zinc
blende. 

The galena averages 14 to 16 ounces of silyer per ton. The copper-pyrites 
is sparsely distributed, occurring chiefly where blende is most abundant. 
No payable quantity of ore has been discovered south of the shaft, either in 
the deep levels or in the trial adits in the valley below the mine. One of 
these trials, on the south bank of the Laxey River 200 yards below the 
contiuence of its two main branches, was driven 'Y.S:W. for 80 fathoms to 
cross-cut the lode, and then soutlnYard along the lode for about 80 fathoms 
farther. 

Poli"hed (graphitic?) and slickensided surfaces are very conspicuous in 
the vein, especially among the darker slates, the strire on some faces being 
vertical, and on others horizontal or inclined. The' dominant dip' of the 
rocks (see p. 145) in the neighbourhood of the mine is towards N.N.W. ; but 
underground the dips were found to be variable, and frequently towards 
the unusual direction of N.E. or E.N.E., probahly denoting local disturb
ance along the line of faulting. In one place the lode is cut by a ' cross
course,' which is clearly a later fault, striking N. 300 W. and hading south
ward, thc effect of which is to shift the metalliferous vein 8 feet to the 
westward on the north side. The position of this 'cross-course' in the 
141 fathom level (where I examilled it) is about 205 fathoms N. of the 
shaft; the lode is somewhat enriched in its vicinity, especially in blencle. 
One or two small sheared igneous dykes of the basic type so numerous in the 
~fanx Slates were observed in the country-rock adjacent to the lode. 

Block Eary and other Trials near Snaefell. 

In the valley of the Block Eary feeder of the :-\ulby River, at the foe t of 
the northern slope of Snaefell Mountain, an ad it was driven for 100 
fathoms south-castward in the river-bank S. of the farmstead of Elock 
Eary, and another in the opposite direction in the little glen 250 yarcl~ W. 
of the farm, on a vein which is said to have been similar in characic'r to 
that of the Snaefell mine, with which it was supposed to be continuous; 
but no ore of value was discovered." The Snaefell lode was also sought 

, A plan and description of the mine is contained in the Official 
Report of Dr. C. Le Neve Foster to the Home Ottice OIl the accident 
in May, 1897, by which twenty men lost their liycs through the poisonous 
gases engendered by a fire in the timbers of the 130 fathom level. (Blue 
Book. "Rnaefell Lead Mine Accident." 1891'1.) 

2 From information furnished by Capt. J. Ke-,', ley. 
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for in the opposite direction, south of the valley of the Laxey River, but 
Sir W. W. Smyth noted in his report for 1871 ' that only some indistinct 
fragments of vein were found in these workings. Several other profitless 
trials were made in Laxey yalley hetween the Snaef~ll and Great Laxey 
mines, one of ,,,hich, known as the Glenfoss level, is briefly described in 
Smyth's report for 1865.2 

Glen Roy Mine. 
This mine, on which very large sums ,vere expended both underground 

and at the surface, is situated in Glen Roy near Riversdale, 2 miles west of 
Laxey. It seems to have been,begun about 186-1 as an offshoot of the Great 
Laxey Company, hut was suhsequently worked by an independent 
company, with disastrous results. It ,yas finally abandoned about twenty 
years ago. As the returns of ore from the earlier workings seem to have 
been combined with those of Great Laxey the data for estimating its total 
produce are not available. In the years 1877,18711 and 1882, when separate 
returns were made, the aggregate (in" Mineral Statistics") is 9 tons 9 cwts. 
of lead are, and 136 tons 9 cwts. of zinc ore. The shaft was sunk to a depth 
of about 122 fathoms, with levels at 10, 25, 40, 55, 65 rlOO 1] and 108 
fathoms, on a north-westerly lode, hading eastward.3 The presence of 
a large dyke of greenstone in the vicinity of the lode has bem noticed in a 
previous chapter (p. 160). The following excerfts from Sir W. W. Smyth's 
reports for the years between 1864 and 1882 "il serve to show the principal 
features of the mine :-In 186-1 the operations are referred to as a" small 
trial" ; in 1867 we learn that at 18 fathoms there was a better lode of 2 to 
3 feet "ide, "ith a gossany leader or branch containing some good stones of 
lead-ore; in 1868 the 25-fathom level had been driven a few fathoms north
west on the lode, ,vith about i-ton lead ore and 1 ton bIen de per fathom; 
in 1869 the same level, extended 30 fathoms, had yielded some good are, 
and the 40-fathom level, driyen some 9 fathoms, showed" a pretty little 
rib " chiefly of zinc blende, (, but there is nothing that savours of more than 
distant promise." In 1873 the 501155] fm, level was a long way north, with 
one little bunch of are, while the 65-fathom level had been driven 25 
fathoms each way but showed no promise. In 1876 the mine had 
recently been reopened, and a little zinc-blende was found in the 40-fathom 
leyel hy a cross-cut through what was supposed to be the wall. In 1877, at 
the hottom of the shaft belm,' 6,~ fathoms the lode was only 4 inches wide 
at one end, and at the other showed two strings with 4 feet of ground 
between them, but not a speck of lead or zinc. The 65-fathom level had 
been driven 73 fm~, [I] north and 80 fms, [I] south, and in the 25-fathom 
level a little blende had been found in a portion of the lode turning some 
15" west of south. In 1879 the 100 [? 108J fm. level was 11 fathoms out on 
" somp appearance of a vein, with a few cavities and cryst<11s of dolomite, 
but utterly sterile for useful mineral." In the follo"ing year this level had 
come upon some good ribby lead are, but it proved an isolated pocket. 
And finally, in 1881, ,ve learn that the deepest level, at 108 fathoms, was 
out 70 fathoms with only one little blink of are; that the shaft was deep 
enough for a 1:22 fathom leyel : and that an anomalous bunch of a few tons 
of Yery good are had been found in the 25-fathom level in connection with 
a 'slitie.' The next report mentions that the mine was dismantling. 

Dhoon or Rhennie Laxey Mine. 
The operations known hy this name, on which many thousands of 

pounds were expended "ithout any return, were made for the purpose ?f 
testing a supposed lode occurring in Dhoon Glen, 400 yards east of the mam 

1 11S8. in Woods and Forests Office. 2 IMd. 
J There is some discrepancy in particulars between the plan of this 

mine deposited at the Home Office (No. 1509 in "List of Plans of Abandon
ed Mines") and our other sources of information. The Home Office Plan 
gives the shaft a depth of 108 fms. only. 
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road from Laxey to Ramsey. The early workings consisted of a shaft sunk 
in the glen on the' lode,' from which a little lead ore was obtained. This 
shaft ultimately attained a depth of about 65 fathoms, with driving~ at 10, 
18 and 20 fathoms, in the last of which, north-west of the shaft, a little zinc
blende was revealed. All the workings were in the slate rocks. The mo~t 
ambitious part of the later operations (between 1859 and 1869) took the form 
of a deep adit-Ievel, starting low down in the great cliff of slate 500 yards 
S. of Dhoon Bay and going for 315 fathoms in a west-north-westerly 
direction as a cross-cut to intersect the vein, and afterwards pushed to 
within about 250 yards of the margin of the Dhoon Granite. The course 
of the lode is supposed to have been W. 10' to 20' ~., with a southerly 
underlie'! The following excerpts from Sir W. W. Smyth's reports supply 
further information regarding these now iniwcessible ,,·orkings.2 In 1858 
the vein is described as 4 to 6 feet wide, with occasional spots of lead ore; 
in 1866 Smyth states, "I regretted to pass through a long series of workings 
at the 20 fathom level which have proved entirely unproductiYe; a few 
small strings only, which run 'V.~.W. carry some lead ore, Lut they seem 
unimportant." In 1868 it is mentioned that the shaft had been holed to the 
evel, but only a little zinc-blende found in the process, and that all the way 
in the level (1 of a mile) to its mouth, not an available spot of mineral had 
been seen. In 1869 this level had been advanced 110 fathoms beyond the 
shaft, and the end was following a vein through soapy grey slate, but not 
exhibiting a speck or sign of any kind of ore. 

Minor trials in the same glen included a short cross (10 or 12 fathoms) in 
slate on the spur between two streams, 200 yards E.N.E. of the shaft; and 
another in the upper part of the glen, a few yards west of the high road, 
said to have a length of 35 fathoms, and to continue throughout in the 
tough boulder clay in which it starts.3 

SOUTHERN GROUP. 

Bradda Mines. 
As stated in the introductory notes to this chapter, these mmes are 

probably the most ancient in the Island, and were worked at a period 
anterior to the oldest records. They seem always to have been carried on 
fitfnlly and with long intervals of quiescence, just as during the 19th 
century. Copper and argentiferous galena have been the principal ores 
obtained, the latter especially in the northern part of the lode. Permission 
was asked in 1858 4 to raise iron-pyrites from the mine, but Sir W. W. 
Smyth gave the opinion in his report for that year that the mineral was 
not likely to occur in quantity. 

Cumming remarks that these mines "~eem to have been wronght to 
some extent at the beginning of the seventeenth century, but have latterly 
been almost abandoned." 5 Chaloner, in 1656, after mentioning the 08cur
rence of lead-ore containing silver at this place, addsG :-" The Veins of this 
Mine, by it's brightnesse, may plainly be di:icerned in the Rock towards the 
Sea; but it seemeth not possible to be wrought, in regard the Se" beats 
upon it constantly at High-water, unlesse it mtLy be done by Mining within 
the Land; a tryall whereof were worth the undertaking, in regard of the 
great benefit that possibly may ensue thereof." Feltham in 1798 (" Tour," 
etc.,op. cit., p. 213) mentions that the mines though closed at the time of 
his visit, were worked and the ore brought fro III the :-;hore in boats, and 
then carted to the smelting house at Port-Ie-.Mary. ,Vo()(ls, Berger and 

1 Information chiefly from Mr. W. II. Howe. 
2 MSS. ill Woods and Forests Office. 
3 Information chiefly from Mr. W. H. Rowe. 
4 Documents in Woods and Forests Office. 
6 "Isle of Man," 1848, p. 165. 
6 "A Short Treatise, etc." p. 8. 

3194 LL 
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.Macculloch, early in the past century, found them standing· idle, the 
last-mentioned author stating (in 1819) that they had been abandoned 
"twenty yc.'u·s ago." A plan of the workings, dated 1826, is preserved in 
the Office of Woods and Forests. 1 

'York was resumed soon after Cumming wrote, as there is a return of 25 
tons of lead ore from them in 1850; and similar small quantities are 
recorded intermittently between this date and 1863, the returns for the 
whole period showing 178 tons lead ore and 146 tons copper ore. The' 
"South ~lanx ~Iining Company" which had been prosecuting the work 
seems then to have come to an end; but between 1866 and 1875 the 
"Bradda ~Iining Company" resumed operations, with a total output, as 
shown by returns between 1869 and 1874, of 364 tons lead ore and 193 tons 
copper ore. In 1881 the mine passed into other hands, and a new "Bradda 
~fllling Company, Limited," was instituted, which ceased working in 1884. 
The returns of this company (1881-1883) give a total of 478 tons copper 
ore. The output from these mines seems never to have approximately 
reached the cost of production. 

The lode, as already mentioned, is very conspicuous in the cliff on both 
sides of Bradda Head. On the south it occurs as a nearly vertical rib of 
white qnartz and fault-breccia 30 to 50 feet ",ride, with well-defined walls 
rising over 120 feet up in the cliff. It strikes N. 5° E. across the headland 
for 700 yards and reappears on the coast opposite Creg Harlot·(six-inch 
map, Sh. u), forming in places the face of the high cliff until truncated by 
a sharp eurve in the coast-line. It is to these sections that Sir W. W. 
Smyth referred in describing the Bradda Lode as ': the noblest surface 
exhibition of a mineral vein to be seen in Europe." 2 

At its southern extremity the underlie of the vein is eastward at about 
100 from the vertical. The quartz is full of cavities or 'vughs,' and the 
metalliferous contents are distributed irregularly in detached strings and 
patches. I am informed that at South Bradda the lode was found to 
• pinch' rapidly in the workings below sea level, and that in the deepest 
part crushed slate rather than quartz was its chief constituent. The 
fissure appears to mark a fault cutting off the eastward prolongation of the 
tiaggy grits of the headland; but the extremely contorted arrangement of 
the rocks in this vicinity hides the true relations of the strata. It is 
important to note that the vein, like most of the metalliferous lodes of t4e 
hland, lies close to the main structural axis of the slates (see p. 30). 

At its northern (Jutcrop the fissure is less sharply defined, and appears to 
have split into two or more branches "rith shattered rock between them, 
the western branch being distinguished as the' Bulwark Lode.' In this 
part of its course a slllall dyke of (Tertiary?) olivine-dolerite, 1 to 2 feet 
wide, is seen in the cliff to run along the lode, thus furnishing an especially 
interesting example of the association of the dykes of this type with the 
metalliferous deposits. In this case it is evident that the vein was in exis
tence prior to the intrusion of the igneous rock; and no distinct indication 
i::; forthcoming to show whether the dyke has been the means of introduciilg 
or concentrating the ores in the fissure, as is suggested in some other 
in::;t;tuees (p. 488). The dyke is probably an offshoot from a broader 
iutrusion visible at low tide on the shore 220 yards S. of Creg Harlot, 
which strikes away from toe lode in the usual direction of the olivine
dolerite group, viz' l W. 35° N. Apparently while the main part of the dyke 
has held to its origInal course, it has thrown off a branch northward on' 
intersecting the lode. On the opposite or eastward side, the course of the 
main dyke is indicated by a small outcrop at the side of a fence 250 yards 
inland, in the s'une line of strike. The intrusion was seen in the North' 
Bmdda mine-workings by Sir W. W. Smyth, who in his report for 1873, 
after describing the 70-fathom level north of the shaft as being in a 
citvernous quartz lode with very little appearance of copper, remarks :
" til" south driving of the same level has been strangely interfered with 

1 Of doubtful value; probably incorrect, 
2 Beyan's "British Manufacturing Industries," 2nd ed., p. 15. (London. 

1878.) 
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1;Jy trap dykes, which in some places appear to border, but in others cut 
right across the lode, filling up a great portion of the space between the 
walls." 

The workings on the vein are in three separate groups:-the South Bradda 
"Mine, at the foot of the cliff at the southern outcrop; the North Bradda 
"Mine, in a similar position at its northern extremity; and a set of workings 
at a higher level, on the top of the headland about half-way between, which 
connect with an adit-Ievel driven in from the cliff. 

At South Bradda the older workings were carried on by means of an 
adit about half-way up the cliff, driven northward along the lode and con
nected with shafts from the surface of the headland and with sinkings where 
the ground was productive. The largest patches of ore seem to have been 
found in this locality. The later operations include a level over 100 
fathoms long, driven upon the lode at a little above high-tide, 'with a rise 
connecting with the higher workings; and a shaft sunk from the base of 
the cliff to a .depth of 30 fathoms, with a level along the vein at 20 fathoms, 
which disclosed nothing of importance. 

At North Bradda there is, similarly, a series of old galleries in the face 
of the cliff, with newer workings descending below sea-level. The shaft at 
the base of the precipice is stated to have been carried to a depth of 72 fms. 
with levels at 27,40, 50, 60 and 72 fathoms, mostly driven northward on 
the lode. The longest of these levels was the 60 fathom, which appears to 
have been carried 70 to 80 fathoms N. of the shaft, with poor results. Some 
ore was won in the 40 and 50 fathom levels, and a little lead in the 
72 fathom S. The mine made 200 gallons per minute of salt-water. One 
of the higher galleries of this mine was driven south to connect with the 
'Spittals Shaft,' which was sunk from the upper surface of the headland. 
The plan of the mine prepared by J. A. Twigg of Chesterfield in 1826, now 
preBerved in the Office of Woods and Forests,shows a through communication 
between North and South Bradda by an adit a little above sea-level, but 
tbis connection is not shown on the later plans to which I have had access. 
The workings above sea-level were the most productive of the mine 
both in the cliff and on the top of the headland; and Smyth notes 
(in his report for 1873), "It is a matter of reasonable disappointment that 
this great lode both here [North Bradda] and in the southern workings at 
Spitals Shaft has manifestly deteriorated in depth." The width of the lode 
in the upper part of the mine was in places between 10 and 11 fathoms.] 
The vein was everywhere 'streaky,' and without continuous ore bodies. A 
little native copper (' moss-copper ') is reported to have occurred in the 
parts of the mines highest above sea-level. The following minerals from 
the lode are recorded by Sir W. W. Smyth :-Malachite; Cuprite (" in 
minute octahedral crystals at the 40 fathom level"); Melaconite ; Copper 
Pyrites; Copper Sulphate (old workings) ; Atacamite (" copper-ore changed 
under action of the sea-water-Old Mine, North Bradda"): Galcna 
(argentiferous); Cerussite; Marcasite; Chlorite (" with quartz"); Agate 
(" parts of the vein-quartz in the Bulwark lode, North Bradda"); Hydrated 
Oxides of Iron (Ochre and Umber; "sometimcs as gossan of lodes as at 
Ballacorkish and Bradda ").2 

As the workings are now inaccessible, special value attaches to Sir 
W. W. Smyth's descriptive reports, from which, in addition to the passages 
already quoted, the following details respecting the character of the lode 
have been culled. In 1858, Smyth mentions that at North Bradda " the 
eastern part of this huge lode presents a rib, between 2 and 3 feet wide, of 
softer character, which was largely worked for lead ore under the Duke of 
Athol, and a little is still obtainable in the 'backs.''' In 1859, the 
workings at South Bradda are described, where the adit had been cleared, 
the lode cross-cut, and a 20 fathom level driven some distance below th8 
adit, "but although copper-pyrites, galena, iron-pyrites, and carbonate of 

1 For the above details I am chiefly indebted to Messrs. R. Barkell. J. 
Kewley, and W. H. Rowe. 

2 See "List," in Transactions 1. of Man Nat. Hist. and Antiq. Soc., vol. i. 
pp. ]43-7. 
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iron are all there, they arc in too ~mall lluantity to be of any value." It 
is also mentioned that three ~hallow shafts opened on the hill above, and 
levels driven or re-opened there, had discovered large workings of the 
'old men,' but very little ore. In 1860, " from X orth Bradda, at last, some 
ore has been raised and sold," a very fair course of lead ore having been 
found in a winze down about 14 fathoms on the eastern lode. In 1868, we 
learn, "the Bulwark lode or farthest point 'V., under the sea, has so far 
been a disappointment, containing little ebe than quartz with an agate-like 
structure." In 1871, the ~ orth Bradda shaft was down 9 feet below 
70 fathoms, and" here the lode is a great quartzose cellular mass of the 
hardest character, streaming on all sides with salt water, and containing 
only small spots of copper ore." In 1872, the workings at Spittals Shaft 
are described as being 25 fathoms below the adit from the cliff, which 
reachell the shaft at 54 fathoms from the surface, the lode keeping its 
grca t size here" in all 50 or 60 feet wide, inclusive of the' douk' or soft 
argillaceous lode, and the 'Bulwark' or western quartzose part," but 
copper ore occurred only in spots. On the last re-working of North 
Braclda, it is noted in the report for 1883 that the 40 fathom level, driven 
50 to 60 fathoms N. of the shaft, had ore said to run 3 or 4 tons per 
fathom, but" a cross-course had disordered the lode in the end." 

Coast south of Port Erin. 

If the Bradda Lode be continuous southward in the same line of strike, 
it should be again intercepted by the coast about i mile S. of Port Erin 
Bay j and we find in this locality a comparatively small but well-marked 
vein, "ith an easterly underlie, in the recess of Bay Fine, consisting of 
quartz and fault-breccia v,ith iron pyrites. The strike of this vein, however, 
is ~. 10' 'V., which is somewhat to the seaward of Bradda Head j it Rlay 
possibly be a branch of the main fissure. At Aldrick, a similar recess ~ mile 
farther south, another fractUre is revealed, striking about N. 3° W. and 
hading eastward, which emerges again on the shores of Calf Sound 
near Carrick ~ ay (six-inch, Sh. 18) 500 yards farther south, where 
it forms a bro,ld lode. Thill has been tested by an adit reported to be 
15 to 20 fathoms in length, from which a little copper-ore was obtained. 
I was informed by a miner who had worked both here and at Bradda that 
l.his lode resembled exactly the Bradda vein, of which it is regarded as the 
prolongation. If the identification be correct, the Bradda vein must have 
been shifted for 600 or 700 yards to the westward of its strike, either by a 
~hange of direction or by cross faulting. It is more probable however 
that, as at Ballacorkish, the ground is gashed by a set of approximately 
parallel but discontinuous fissures. There are no doubt later east and west 
faults here, as in other localities j but it is scarcely likely that these are large 
enough to carry the Bradda vein to Aldrick. 

Ballacorkish, South Foxdale, or Rushen Mines. l 

Though not permanently profitable, these mines have made a consider
able output of lead and zinc ore, of which they are the only workings in the 
south of the Island to yield an appreciable quantity. Their early history 
is obscure, but the vein appears to have been worked and 
abandoned prior to 1811.2 It is also mentioned by Macculloch in 1819 as 
an abandoned working. 3 The mines lie in the Manx Slates, about half a 
mile W. of the village of Colby in the parish of Arbory, . on the lower 
slopes of a spur from the hilly axis of the Island. Work was resumed 

1 Unless otherwise indicated, the account of this mine is based on my 
personal examination of the plans and part of the workings, sU'pplemented 
by information supplied by Mr. F. Kitto, the manager of the mme. 

2 G. Woods, "An Account," ")tc., op. cit., p. 12. 
3 ""Vi estern Isles" vol. ii., p. 574' 
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about 1862 and carried on more or le~s intermittently at the one or other of 
two shafts until 1893, latterly under the title of the Rushen Mines. The 
aggregate returns, as given in "~fineral Statistics" between 1864 and 1894, 
show a total output of 3,693 tons lead ore, 2,86~ tons zinc ore, and 138 
tons cop.!?er ore. 

The Ilunes comprise two separate workings, not connected underground, 
the main shafts of which are about 600 yards apart. These workings 
appear to be on different lodes, or otherwise upon a lode which has suffered 
considerable lateral displacement. The lode or lodes have a general 
northerly strike, but while in the South or Ballacorkish mine the average 
direction is 2° to 5' W. of N., ill the North or Rushen )line it is aLout 
10° E. of N. The hade or underlie i~ in both cases principally westward, 
at from 10° to 20° from the vertical, but with local deviations Lringing it 
over in one part of the mines to the opposite quarter. 

The South Shaft has been sunk to a depth of 75 fathoms, with levels at 
12, 24, 36, 60, and 75 fathoms. The longest level is the 60 fathom, which 
has been driven about 490 yards north and 130 yards S. of the shaft. The 
North or 'Phosphate' Shaft had a depth at the time of my visit in 1893 
of 60 fathoms, with levels at 15, 30, 45, and 60 fathoms, of which the 
45 fathoms went 60 yards S. and 260 yards N., and the 60 fathoms 
about the same distance N, these being the pioneer levels of the mine. In 
the uppermost part of the mines a Itttle copper ore was obtained, while tlie 
lower levels yielded only galena and zinc-blende, the latter chiefly on the 
western side of the lode. The ores were' bunchy' and irregular in their 
mode of occurrence throughout. In describing the uppermost level in the 
S. shaft in his report for 1869, Sir W. W. Smyth remarks" in the best part 
of this . . . . . the lode was as much as 5 or 6 feet wide, with more 
massive ribs of ore than were anywhere to be seen in the Island except only 
Foxdale and Laxey. " 

The galena of the south mine was richer in silver than that of the north, 
the former being stated to run 15 to 16 ounces to the ton and the latter only 
3 or 4 ounces. The water percolating along the lode and pumped from the 
shafts averaged from 30 to 35 gallons per minute for each mine. 

Besides the ores mentioned above, the following minerals are quoted in 
Sir W. W. Smyth's list I as occurring in the vein :~ Pyromorphite [phos
phate of lead, from which the N. shaft derived its name], Cerussite, 
Chlorite (" according to Captain Barkell "), and Ochre and Umber [decom. 
posed dolerite?]. The country-rock chiefly consists of rather flaggy slate; 
thinly bedded grits with slate partings were revealed in a short cross-cut 
E. in one of the lower levels. 

The main geological interest of the mine lies in the relation of the lode to 
a dyke of olivine-dolerite, and in the cross-faults by which the metalliferous 
vein is thrown. The olivine-dolerite is apparently one of the Tertiary dykes 
(see p. 327) which diverge~ from its W.N.IY. course on encountering the 
lode and follows it for a short distance. It iR probably identical with 
the intrusion revealed in the bed of the Colby Riwr a few yards below 
the corn mill, and again in the little glen 400 yards\\'. of Colby under 
the garden of Ballasherlocke (sf'e p. 185). 

As previously stated, the relatlol1~ of the metallic infilling of this lode 
to the intrusive rock afford important evidence aR to the age of the 
ore-deposits, a ~tudy of the facts leading to the conclusion that 
although the lode existed as a rock-fracture preyious to the intrusioll, 
some part if not all of its metallic contents were subsequently 
accunlUlated, therefore attaiuing their present position at a comparatively 
late geological period (p. 488). 

SOUTH MINE.-The dyke was first reached in the northward drivings of 
the South Mille within about 200 yards of the shaft and was more or less 
continllolls thence to the end of the levels, accompanying and forllling part 
of the ~ode, the ore lying sometimes to the east, but oftener to the 
west of It. 

1 Trans. Isle of Man Nat. Hist. and Antiq. Soc., vol. i., pp. 143-7. 
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This portion of the mine was inaccessible at the time of my survey, but 
is described, with especial reference to the intrusion, inSir W.W. Smyth's 
official reports. The presence of the dyke is first mentioned in his report 
for 1870 '; in the following year Smyth notes the adit being stopped 
" on account of the apparent destruction of the lode by greenstone " ; and 
in 1878 that in a deeper level the "black-rock or dolerite" made its 
appear~nce and seemed to militate against the productiveness of the vein. 
In 1879, he compares the intrusion to the [Carboniferous] igneous rock of 
Scarlet Point [from which it is, however, distinct, seep. 325] and describes 
its occurrence in the 60-fathom north level, at that time 210 fathoms out 
from the South Shaft, as follow,> ;-" I regret to add that the cloleriteOli 
black igneous rock .... has for the last 35 fathoms completely over
IJowered the lode so that in the latter ,Part hardly a trace of it is seen. 
Before that, it had accompanied the lode III a narrow band of 6 inches, which 
had appeared to do its productive qualities no harm ..... There are 
hitherto but few precedents to go upon with reference to this dolerite and 
basaltic rock, but it is evident it is a question of much importance in 
tIns part of the Island from its action here, as well as at Central Foxdale, 
and in a minor degree at Bradda." In 1880, in describing the further 
progress of this level, he mentions that the lode was a mere string, not yet 
out of dolerite in which it has" been encased for 80 fathoms length,"-thus 
distinctly implying that the' lode' proper is newer than the intrusion. 

NORTH MINE.-In the North Mine, where it was practicable in 1893 to 
examine the intrusion in the lower levels, I found the principal dyke to 
have a thickness of from 6 to 12 feet. Small fliers of the same rock 
occurred among the lode-stuff and were themselves sometimes dappled with 
lead-ore throughout, this association suggesting that part, at least, of the 
metalliferous contents of the vein had been introduced along with or 
later than the dolerite. In his earlier reports quoted above, Sir W. W. 
Smyth evidently inclined on the whole to the miners' opinion that the 
lode was intruded upon and cut out by the dolerite; but with the progress 
of the workings in the North Mine, and influenced, no doubt, also by 
evidence obtained about this time at Central Foxdale (p. 515) and 
Langness (p. 538), he abandoned this opinion; and in 1883 in describing 
the 30 fathom level of the new shaft he remarks that the ground was 
strongly invaded by dykes of dolerite, "the supposed prejudicial' effect of 
which on the lode is, I think, not confirmed at this place, since there .are 
parts in which a rib of this rock from 4 to 8 inches thick was flanked on 
either side by a branch of lode with lead and zinc ore." 

We learn from the report for 1881 that in the upper level the lode ,was 
4 to 8 feet wide, "having in places very beautiful e.x:amples of gossany 
lead-ore with white and green lead-ore;" and in 1883, that in the 30 fathoms 
~he lode was difficult of definition, in places 14 feet wide, and two levels on 
It, though the branch usually opened on was about 2-§- feet wide, mostly 
occupied by soft gossan with abundant minute crystals of white lead ore. 

From information obtained at the mine, it appears that in these 
workings the dolerite waR continuOUH southward to the end of the 
longcHt driving, 60 yards S. of the shaft; while northward it was lost, at 
about 90 yard~ from the shaft ill the 45 fathom level; at 95 yards in the 
60 fathom level; and at about 100 yards in the 750r lowest gallery, probably 
striking off westward upon leaving the lode, with the same course that it 
held before intercepting the fissure, as it was not touched in the ea~t and 
west cross-cuts made farther north. The dyke was disturbcd and
shattered in places, probably by transverse movements after its 
consolidation. It is not clear whether the intrusion is continuous from the 
South to the North mine, or whether we are dealing with separate and 
parallel branches. The end of the most northerly driving from the South 
Shaft lies about 240 yards caRt of the end of the most southerly driving 
froUl the North Shaft, and the character of the intermediate ground 
is unknown. Itseem5 most probable that the lodes constitute 

1 MSS. in the Woods and F'orests Office. 
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a group of roughly parallel discontinuous N.-S. fissures, and that 
the intrusion in traversing the tract from east to west broke across 
from one to the other, and followed each in turn for a short distance 
only. The greater portion of the metalliferous deposits appear to have 
been afterwards concentrated in the fissures around and a little beyond 
the places at which the dolerite crosses them. 

In the South Mine two large transverse east and west displacements of 
the vein have been recognised by the miners. One of these, known as the 
<Dowk Lode,' consists of a belt of crushed soft ground 66 feet broad. which 
sets in 15 yards north of the shaft and is said to shift the metalliferoUS 
vein 190 feet westward. The second, named' King Slide, , occurs 130 yards 
north of the shaft,' and is supposed to displace the lode westward on the 
southern side. The miners' identification of their 'lode' beyond these 
breaks is of course open to doubt, and Sir W. W. Smyth refers to the 
workings north of the' Slide,' in his report for 1875, as on "a new north 
and south lode at about 24 fathoms beyond the old one," and in 1880 
mentions the" Blende lode," 52 fathoms east from the main lode. In Great 
Laxey and other Manx mines working north and south lodes though 
east and west displacements, recognisable as normal faults ' are not 
uncommon, they are never of this magnitude (p. 487). ' 

Bellabbey or Ballasherlocke Mine. 

The site of this extensive but unproductive trial is on the eastern bank of 
the little glen:t mile west of Oolby (Sh.16), 760 yards north of the main road to 
Port Erin, and about 700 yards east ofthe 'Phosphate Shaft' of the Balla
corkish Mine. The work seems at first to have been carried on in 
connection with the trial in the cliff at The Slock (p. 536) 2 miles farther 
north, under the designation of the "BELLABBEY AND FALCON OLIFF 
MINES." The earlier workings appear to have been the adit levels in the 
glen north of Bellabbey. These were referred to in Smyth's official reports for 
1862 and 1869 ; we learn from the same source in 1870 that the adit level had 
been driven 87 fathoms and discovered only a string of mixed lead ore and 
blende 2 to 6 inches wide and a few yards in length. A shaft, ultimately 
attaining (in 1876) the depth of 72 fathoms, was then sunk and levels 
driven, mostly northward, from it at 12, 24, 36, 48, 60, and 72 fathoms, the 
longest being the 60 fathom which went 140 fathoms. Besides the ore in 
the day level above described, a little galena was found in the 36 fathom 
level north and in a few other places, but nowhere in profitable quantity. 
The supposed lode ran approximately north and south, with easterly 
underlie, and consisted of quartz (gossany at the top), crush-rock and' dowk.' 
Water was raised from the mine by the pumps at the rate of 100 gallons 
per·minute.2 In Smyth's report for 1872, when the shaft was down 31 
fathoms, it is stated that the driving had" mct with a little copper pyrites 
and zinc blendc, but scarccly any lea(] are." In his report for 1876 there ie 
the following passage :-" A very curious and exceptional little deposit of 
copper ore occurred in a ' warp' or loop of the vein in the 48 level north GO 
fathoms from shaft; a bunch, only a few feet in length, and, as I fear, only 
some 9 fathoms in height, but reaching at its best 12 or 14 incheH in thickness, 
assaying 13! per cent." 3 It is also mentioned in this report that a cross-cut 
at the 72 level 9! fathoms beyond the old lode had cut 9,nother lode also 
dipping east but at a steeper angle. In 1880, Smyth described a cross-cut 
at 60 fathoms going out west for 58 fathoms without attaining any results. 
This appears to have been the last work done in the mine. 

1 These displacements have been indicated on the published geological 
m&p, but much exaggerated owing to the small scale of the map. 

2 For most of these details we are indebted to Mr. R. Barkell, the lat 
manager of the mine. 

3 MSS. in Woods and Forest!' Office. 
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Slock Trial (apparently 1vOI'ked ((s the Falcon Cliff Mine). 
ThiH con~isted of a leyel dri,en into the face of the high precipitous cliff 

nearly oPl'08ite The Stacks, about a mile X. of Fleslmick (near Y Slogh, of 
six-inch map, Sh. 12). The country-rock is banded slate, an~ I?any dy~es 
of microgranite of the Foxdale tn)e, of greenstone, and of ohvme-dolente, 
are expmed in the immediate yicinity (see p.p. 150-1) .. The' lode' consists 
of fault-breccia, ,yhich is said to ha,e contained a httle lead-ore at the 
mouth of the leyel but none farther in. Its direction is slightly N. of E. at 
the entrance of the adit, but i~ reported to h8"e changed to S. of E. inside.' 
The trial was made between 1860 amI 1870. Sir IV. IV. Smyth's report for 
1866 contains the follm,ing- comment on it ;-" A fair amount of work done 
in the past year has only l~lade appearances worse than before." 

In" Mineral Statistic~" the Bellabhey and Falcon Cliff~Iines are credited 
",ith returns in 1872 and 1876 8, amounting in the aggregate to 59! tons 
copper ore, 22 tons 17 cwt. lead ore, and 16 tons 8 cwt. zinc ore. 

'Iron Spout' Mine.2 

This name was applied to a small trial-shaft which 'was sunk, about the 
milldle of last rentury, to a depth of 10 or 15 fathoms on the E. bank of a 
riyulct ~ mile E. of Colhy and 300 yards X. of the highroad. No ore seems 
to haNe been found, but some of the weathered debris on the spoil-heap 
shows slight copper ~taining. The shaft has passed through a highly-sheared 
'greenstone' dyke curiously dappled with the green stain. 

Glenchass Mine. 

The site of this llline is in the north-western corner of Per wick Bay 
~ mile S.W. of Port St. ~Iary, where the vein is intersected by the cliff in 
the recess known as COllOO1c((P (six inch, ah. 15). The date of the first 
working is uncertain, but was prohably before the end of the 18th century; 
Maccnlloch in 1819 mentione(1 the place (" Glensash, ncar Port la Marie") 
a~ being at that time abandonc(1.3 Towarrl the middle of the past 
century operation~ were resnmed, ftt first as part of the Bradda mining sett 
and afterwards a~ an independent company, but the mine did not at any 
time yield ore in paying (Fmntity. The first working.:i consisted of an adit
level driven into the cliff nJong the course of the lode, which runs N. 18° to 
20" IV. "'ith an e't,;terly underlie. Aft2rwanls, a shaft was sunk from the 
surface 200 yarlb inland, which reached a depth of 50 fathoms, with 
drivings, chiefly southwftrd ulllIer the seft, at 15, 23, 38 and 50 fathoms, 
Rome slll<,l1 ' bunches' of argentiferous galena of high quality, and kupfer
nickel (arsenide of nickel), aru said to haye been found in the sole of the 
day-level, this hL'ing the only knmHl occurrence of the latter ore in the 
I"lancl} 

From ~ir \1'. \1'. :Smyth's ottlcial reporb5 we leftrn that the mine was in 
ol'emtion in lR57 ; but working appeal'S then to have been suspended until 
1861 when the 15·fathom level was being driven north and south, exhibit
ing a little lead-ore in the latter direction; in 1862, the shaft had been sunk 

1 From information supplied by .\Ir. Barkell. 
2 lhid. 
3 "\\' estern hIes," vol. ii., p. 575. 
, Hecol'lled by ~ir IVarington W. Smyth in his" List of Manx Minerals" 

(Trans. 1. of Man Nat. Rist. and Antiq. Soc., vol. i., p. 146), where it is 
stated that thc ore was" found in small quantities about 1858 to 1862"; 
according to thL~ ~allle authority, Millerite (sulphide of nickel) occurred in 
., delicate ca]lillal'Y cryst<11 vein-stuff at a trial shaft a.t. Rhenas, south of 
Kirk ~liclml'I" (see p. 547). 

~ISS. in Woods and Forests Office. 
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to 50 fathoms, and the" lode in the 38 fathoms [south] is of good size, but 
valueless" ; in 1863, this level had cut a slide introducing water and a 
better-looking lode, 3 feet of which carried some steel-grained galena, while 
the 50-fathom level south showed nothing of promise. The report for 1865 
records the collapse of the shaft "which had been put down among old 
workings, and appears to have been subjected to a sudden pressure by the 
fall of their walls." The accident brought the operations to a close, and 
the failure of the mine is locally held to have been due to this cause alone; 
it is important therefore to note that Smyth's report for the previous 
year (1864) contains the opinion that" this lode has always appeared to me 
a hopeless blank." 

The Glenchass lode has been supposed to continue its course northward 
to the coast between Bradda Head and Fleshwick, where it has been sought 
for in some small trials in the vicinity of a branching dyke of olivine
dolerite at Lhoob ny Charmn (Sh. 15). An intermediate trial in the 
interior, close to the . hamlet of Bradda West, known as the WEST BRADDA 
MINE, consists of an adit driven 24 fathoms, with a sump of 5 fathoms, on a 
lode striking somewhat west of north and hading east, which showed 
traces of blende and lead.1 In referring to this trial in his report for 
1882,2 Smyth states that the lode had been tested by the old Foxdale 
UomJ;lany 40 years previously, and expresses doubts whether it really 
coincIdes with that of Glenchass. 

Castletown Harbour. 
The occurrence of a little galena at this place is not only interesting as 

affording the only kn"Own 10calityS for this ore in the Carboniferous Lime
stone of the Island, but also because the ore is associated, like the copper 
pyrites of Langness, with olivine-dolerite (Tertiary 1) dykes. Cumming in 
1845 described the circumstances as follows :-" This dyke has greatly 
altered the limestone, and more particularly in those places where it 
encloses a mass of limestone betwixt two of its branches. In this 
crystallised and altered limestone we meet with thin strings of galena."4 
During the mining excitement in the Island some 20 years later, a small 
trial was b:g'Un at this place which was alluded to by Sir W. W, Smyth, 
in his report for 1[67 in the following terms :-" At Castletown, a great cry 
has been made about a discovery of ore in the limestone rocks bordering 
the harbour. A shaft is now sinking, but in it I found no trace of vein, 
and it remains to be seen by driving a cross-cut from it whether anything 
be there on which a mine can be opened."5 

Langness Copper Mines. 

The prolonged and expensive series of trials on the western shore of 
Langness on some small copper veins known to Cumming" in 1845 seems 
to have been commenced about 1875, as we learn from Smyth's report for that 
year,7 that" some strings and vein-like deposits of occasionally 2 or 3 feet 
III depth have been opened upon the foreshore and yielded some very good 

1 From information furnished by Mr. W. H. Rowe. 
2 MSS, in Woods and Forests Office. 
3 There is a local belief that lead ore occurs also in the limestone at 

Balladoole, a little to the north of the foreshore; but the evidence offered is 
unsatisfactory. 

4 Quart, Journ, Geol. Soc., vol. ii., pp. 331-2. 
5 MSS. in Woods and Forests Office. 
6 Cumming says, "I may abo mention that along the side of the dike 

cutting the southern point of LUllgness, and in a narrow gully, 1 lmve met 
with fine vein!:) of copper in the schist." Quart. Journ. Gool. Soc., vol. ii., 
p.332. 

7 MSS. in Woods and Forests Office. 
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copper pyrites." The work was pro.,;ccuted at various spots from that 
time until 1880 ; and after being at a standstill for a few years, was, towards 
the end of the decade, resumed near the southern extremity of the headland, 
but has since been again suspended. The strings of ore were first dis
covered in the Carboniferous Basement Conglomerate, but most of the 
workings have passed into the underlying slate. As at Ballacorkish, 
North Bradda and Central Foxdale, the close association of the metalliferous 
deposit with intrusions of olivine-dolerite lends considerable geological 
interest to the matter. Unfortunately in spite of the heavy expenditure 
of capital the total quantity of ore yet obtained has been quite in
~ignificant-only 10 tons 18 cwt. of copper pyrites standing to the credit 
of the mines in the official returns (" Mineral Statistics" for 1890 and 
1892). The direction of the supposed lodes is approximately north and 
south, with an easterly dip. The strings of ore have been found alonge 

side or in close proximity to small olivine-dolerite dykes that fill the 
fissures. 

The most northerly working is a small trial-pit just above high-water' 
mark on the foreshore of Castletown Bay 420 yards N. of Langness Farm; 
this has a depth of ~6 feet, starting in Carboniferous Limestone, and ending 
in dark Basement Conglomerate. 

The next is a shaft. 320 yards S.W. of the above-mentioned farmstead, 
sunk to a depth of 12 fathoms, on the raised beach near high-water mark, 
the upper 50 feet being in conglomerate and the remainder in slate. From 
the bottom a cross-cut was driven westward under the shore, at first in 
slate but afterwards in conglomerate, and is described as follows in Sir 
W. W. Smyth's report for 1876 :-" This passes through mottled slaty rock 
beneath the Conglomerate and at thirty fathoms out has intersected the 
vein of 2 or 3 feet thick including a 'black stone' or trap and with some 
good portions of yellow copper ore in it. " " 

The most extensive trial of the series is situated on the top of a low 
cliff 225 yards farther south, where a shaft has been sunk vertically iIi slate, 
to a depth of 44 fathoms, with drivings westward from it under the shore. 
The shaft is said to have intercepted the eastward dipping lode at 30 
fathoms from the surface. The lower part of the mine was floodf'..d 
during my stay in the neighbourhood, but I was able in 1893 to examine a, 
cross-cut to the lode at 12 fathoms depth, in which the junction of ,tM 
slate and conglomerate was seen to occur at a small fault striking 
N. 8° E., and to be accompanied by a rib of intrusive dolerite Jike 
the branching dyke so beautifully exposed on the foreshore above (p.)95).' 
Strings of copper pyrites ~ay 'along the j.unc.tion .of tJ:Ie dyke with the 
conglomerate, and to a mlllor extent at Its JunctIOn ,vlth the slate. ,On. 
the opposite side the ore in places permeated the margin of the igmi6us 
Tock, like the lead-ore at Ballacorkish (p. 534), and was most plentiful in a 
bifurcation of the dyke.' , 

The 40 fathom level was described by Sir W. W. Smyth in his report for 
1878 as a cross-cut running S. of west for 35 fathoms in clay-slate, with 
short drivillgs along a string running N. and S. at 18 fathoms from the 
shaft and along a ,;ocond a little farther out having a slightly different 
cours~, both utterly ba,rren and devoid of promise, leading to the conclusion 
that the bunch or two of ore in the overlying conglomerate were 
extinguished lit this depth in the slate. ' 

The evidence on the foreshore shows that the relation of th.e dyke to the 
lode is the same here as at Ballacorkish and North Bradda, an intrusion 
striking W.N.W.across the headland (p.177)having been diverted northward 
for a short space by the fissure, but soon escaping from it and going 
off W.N.W. again. The ore in places impregnates the m:\trix 'of the 
ronglomerate as well as the dyke-rock, and must have been concentrated in 
its present position either during or after the intrusion. It is important to 
note that both here and at Langness Point the strings of ore occur, only in 

'Our thanks are due to the engineer and captaIn of the mine for facillties 
afforded on this and other occasions. 
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the proximity of the dykes; at the same time, there are many more of 
these dolerite. dykes in the neighbourhood which are not accompanied by 
metalliferous veins. 

The course of the 'lode' of the above mine after it is abandoned by the 
dyke is indistinct, and does not appear to give rise here to a displacement 
at the surface; though it may possibly be prolonged into the sharp 
anticline breaking northward into a small fault which brings up the oval 
inlier of conglomerate among the limestones on the foreshore N.W. of 
Langness Farm (p. 195). . 

Southward of the shaft, at a distance of 200 yards, an adit has been 
driven into the cliff through banded slates traversed by small sheared pre
Carboniferous dykes of 'greenstone;' and 300 yards south of this again, 
just beyond The Arches (p. 190), 'there is another adit 36 fathoms long, in 
the Carboniferous Conglomerate. 

The remaining workings are in slate at Langness Point, east of the bound
ary of the Carboniferous rocks. Here, on the south shore of Pm·t B1'a1lag 
(6-inch, Sh. 19) 200 yards east of the extremity of the headland, a dyke 
of dolerite a foot or two wide, striking N. 80 to Hi" E. along a fissure in slate, 
showed a string of copper pyrites along its western side. To test this, 
d. shaft was sunk to 26~ fathoms on the ridge about 100 yards to the east
ward, and a north-west cross-cut commenced to intercept the lode, but was 
not completed. Specks of galena were found on .ioint-faces in the slates of 
this level. A smaller pit was then sunk to 8 fathoms in close proximity 
to the fissure, and a short cross-cut driven from it to the dyke, but the 
result was discouraging. The present surface of the slate at this point 
is nearly identical with the ancient floor on which the Carboniferous 
Conglomerate originally rested (p. 191), so that the disappearance of the 
copper-ore downward in this place as well as in the previous workings 
suggests that these particular metalliferous strings tend to die out on passing 
down from the conglomerate into the slate-rocks. 

The cliffs on the eastern side of Langness have been tested in several 
places by short excavations along planes of dislocation and crushing in the 
slate, but without revealing anything of promise. 

NORTHERN HEMATITE GROUP. 

Reference has been made in preceding chapters to the occurrence of 
hematite iron-ore in the veins whIch traverse the slate-rocks in the north
eastern part of the massif, and to the probability that it may indicate a 
former overlap of the New Red strata upon the Manx Slates in this quarter 
(p. 125 and p. 291). So far as is known, it is only in the north-eastern 
district that lodes of this mineral occur among the sla,tes, though chalybite 
(carbonate of iron), and iron pyrites are abundant constituents of all the 
metalliferous veins, and pyrrhotine (magnetic pyrites) is also present in 
some places. The supposition that thc hematite may, (\~ in C1Jlllbl'rlallll, ])(' 
conlleeted with the fonnel' extension of tIll' Tl'ias~i(' ro('k~ (lVl'1' tlw an'a is 
greatly strengthened by the <li~c()very in the deep boring» ill the extreme 
north of the Island (Chap. VII.), of Triassic rocks of consideml)le thickne::;~, 
resting on the denuded edges of Carboniferous strata, the latter being always 
stained and veined with hcma,tite. 

From the conspicuous aspect of this red ore in considerable veins in the 
cliff on both sides of Maughold Head (p. 125), its presence must have been 
known in early times. As mentioned in the historical introduction to this 
chapter, we know that the mine at Drynane was working in the year 1700, 
but no particulars are forthcoming respecting the operations previous to the 
nineteenth century; they probably consisted of the older part of the adit
levels into the cliff, which have since been driven, at intervals, farther amI 
farther inland. Though in the aggregate a large quantity of ore has been 
obtained from these mine~ (see TabJe, pp. 496-'i), the output does not appear 
to have been sufficient, at any time of which we have trustworthy record, 
to meet the workmg expenRes, and the mines have consequently been 
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practically abandoned since about 1874.1 Two separate lodes or sets of 
lodes have yielded the chief production, the first that which traverses 
Maughold Head, and the second running parallel inland It miles farther 
westward, known as the Ballajora (Ballagorra of Ordnance map) or 
Magher-e-breck lode. Besides these, several minor trials have been made 
in the district, but all apparently without result. 

Maughold Head Mines.2 

On the northern side of :Jfaughold Head, at Stack Mooar, a great vein of 
fault·breccia and quartz, with cavities containing hematite, strikes in a 
~outh-easterly direction across the foreshore and into the cliff, with an 
exposure almost equal to that of Bradda Head In size and interest (p. 125). 
Its width at the foot of the cliff is about 40 feet, and it hades or dips north
eastward at 15° from the vertical. The most important of the old workings 
at this point is said to have consisted of a deep adit-Ievel driven in from a 
little above high-water mark for 95 fathoms, with cross-cuts for 5 or 10 
fathoms both ways at the end, but it appears to have yielded no appreciable 
quantity of ore. 

Better success attended another opening on the lode, known as the GLEBE 
MINE, about t mile S.E. of the above and close to Maughold village. At 
this place, about 100 yards N.W. of The Vicarage, a shaft and some 
shallower trials were sunk, and two levels driven on the lode, the lower 
going south-east for 196 fathoms and north-west for 212 fathoms. This 
work, according to Cumming, was principally done by a company formed in 
1836; and a few years later, when a Glasgow gentleman became sole lessee 
of the Maughold Mines, the annual shipment of hematite from the district 
is stated to have been about 500 tons per month,3 seventy men being 
employed. The south-eastward driving of the Glebe Mine appears to have 
passed about 100 yards to the north of Maughold Church, and if prolonged 
in the same direction would have emerged in the cliff above Traie Curn, 
close to the extremity of the headland. Hence the lode which was followed 
cannot directly coincide with that of the Southern or Dhyrnane Mine next 
to be described. Indeed, the veins of this district in spite of their 
apparent strength in the cliff-sections appear all to be of limited length, form
ing a group of impersistent converging or radiant fissures, of which those 
which strike towards points between north and west are more or less metal
liferous. 

Drynane Mine. 
This tenn is applied to the workings on the southern side of Maughold 

Head, in a little inlet 500 yards east of Port Mooar (Sh. 8). As mentioned 
in the footnote on p. 126, the name Drynane, written Dhyrnane, is 
erroneously affixed on the 6-inch Ordnance map to another inlet 200 yards 
farther north, in which an adit has been driven to procure umber. The 
Drynane Mine proper consists of a level going in from the cliff for 
320 fathoms in a N.N.W. direction on a lode dipping east, with sumps on 
ore bodies at 10 fathoms and 37 fathoms from the entrance, and connected 
with a shaft from the surf,LCe at 70 fathoms. A large quantity of hematite 
was obtained between the mouth of the level and the shaft, but very little 
farther in. The chief work was done between 1857 and 1874, and is 
described in Sir W. W. Smyth's reports to the Woods and Forests Office, 
from which the following abstracts are taken. The report for 1858 states 
that in driving north, the level passed through two bunches of ore, the first 
small, but the second 8 to lOfeet wide, and capable of remunerative work; but 

1 Some exploratory work was done, on the old workings, a year or two 
ago, but has led to 110 result. 

2 For information regarding the old workings I am chiefly indebted to 
Mr. W. H. Rowe. 

3 "Isle of Man," p. 311. 
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in the two following years we learn that no more ore had been found, though 
a shaft had been sunk on the vein, and a 10 fathom leyel driven north and 
south. In 1861, the adit was 95 fathom~ in [beyond shaft 1], but with" no 
appearance of promise, although the lode is some 15 feet "ide. The south 
level has also been advanced a long way "ithout any farther discovery of ore. 
The mineral is so evidently disposetl in discontinuous' bUl1clles ' that the 
prospects of the mine are extremcly uncertain." In 1863, the adit was 250 
fathoms in, but the lode had dwindled till there was scarce a vestige of it. 
In 1864 we read, "On careful examination I sa\\" that the drift was really 
carried on in the lode, and that it ocyasionally formed a vein of a foot or 
two in width, but utterly valueless" The later reports contain only pas~ing 
reference to the workings, until 1873 when it is noted that a long way in the 
old level and to the east of it, on clim hing a ribe some 7 fathoms up, a ri b of 
ore of minor importance was seen, "not to compare \vith the old deposits 
worked away years ago." 

The Umber :JIine level mentioned above, which was last in operation 
between 1887 and 1893, appears to be driven on a decomposed dyke of 
olivine-dolerite having the usual north-westerly direction. On a plan in the 
possession of Mr. 'V. H. Rowe this is shown as intersecting the Drynane 
level a short distance from its northward termination, with indications that 
the dyke may have slightly displaced the lode. It is to be regretted that 
no further evidence is available as to their relations. 

Ballajora Iron Mine. 

These workings, from which a fair amount of hematite was marketed, 
were carried on between 1858 and 1874 on N. and S.lodes, dipping eastward, 
close to the farmstead of Margher-e-breck (JIagher - of old one-inch 
Ordnance map, JIanghei' of new) in the parish of ~Iaughold. There are 
two old shafts N. of the farm, one said to be 18 fathoms and the other 
about 30 fathoms deep, in the vicinity of which the chief bodies of ore were 
found; .an adit connected \'lith these workings ha,s its mouth in a cross-cut 
250 yards S. of the farm. The lode seems to have been very irregular, and 
in its northern portion to have consisted of two branches. l A few descriptive 
details have been gleaned from Sir 'V. 'vV. Smyth's reports, as follows 2 ;

In the report for 1859 it is mentioned that the lodes caned No.1 and No.2 
have proved large and capable of yielding a fair return of iron-ore, but 
"unfortunately a great proportion of this is carbonate of lime and iron 
yielding a percentage of iron [too small] to bea" the expense of carriage." 
In 1861, the No.1 level had been driven a Ion\!; \vay" in a large lode of 
impure carbonate of iron," while" the' School-house lode' has yielded sOllle 
few cargoes of first-rate hematite, but where hitherto opened, averaging 
from 1 to 2 feet wide, is not large enough to insure a remunerative mllle." 
In 1872 (" Ballajora and Maugllold Head Iron :JIille") it is noted that the 
a,dit level in the S. ground had opened in ,L new lode when 20 fathoms in 
and showed" 2 to 5 feet wide of a fair quality of hematite" ; and in the 
following year" two stopes and a sillk below the adit" are mentioned in 
these workings which soon afterwards fell into "lwyanee. 

Other trials for iron-ore, regarding which little or no information has 
been obtained, are indicated at several places in this neighbourhood; OJ; the 
N. side of the Smithy at Ballasaig there is a large spoil heap, marked " I ron 
Mine" on the 6-inch map. (Sh. 5); simibr though le>is r;onspicuous traces 
exist in a field 250 yards :::l.R of the VVesleyan Clmpel a1 Ballagorra; 35U 
yards N. of this chapel is the obliterated mouth of a level which was 
driven for 100 yards into the hill-side; and another level, marked" Iroll 
Mine" on the 6-inch map opens into the cliff 500 yards S. of Gob ny GarYl1in. 
(See List at p. 5i2.) 

1 The above information has chiefly been obtained from ~h. W. H. 
Rowe. 

2 MSS. in Woods and Forests Office. 
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MISCELLANEOUS TRIALS. 

Abbey Lands Mine. 
This de~ignation was applied to a trial made between 1865 and 1872 on 

the banks of the tributary to the River Glass known as the SuZby Riva, 
1,150 yards N.N.E. of the bridge at Abbey Lands (six inch, Sh. 10). It 
consisted of a shaft with driving5, on the east bank of the stream, and a 
short adit on the west hank. Smyth mentions it in his report for 1866 1 as a 
"sinking on ~, lode coursing north-east." The supposed lode is probably 
the belt of crushed ferruginom shlte still to be seen in the bed of the stream 
a few yards above the ruins of the mine. In his report for 1867, the same 
authority states that there was a ~ingle driving east at 28 fathoms, the vein 
containing calc-spar and copper pyrites; in 1868, we learn that the shaft 
was idk" but a trial adit 100 fathoms farther south showed another lode, of 
better chCLracter hut with no metallic substances; in 1869, a 27 -fathom level 
was being driven west to cut this (north-and-south) lode; in UlIO, the 
28 L,tholll level had been driven 40 fctthoms on a lode north-westward, of 
which 13 yanb in length held hem slightly orey; in lil71, when only 
the 27 -fa,ihom south level was driving, Smyth refers to "the hitherto 
obsClue character of thi::; piece of ground"; in 1872, the 27 -fathom level 
hml apparently intercepted the second vein mentioned above, which proved 
to be a large lode but with no metallic substances of any value, and the 
work was then stopped. In reporting on a proposed assignment of the 
lease in 18il3, Sir ,Yo IV. Smyth stated: "I have on several occasions 
examined these operations underground, and never yet saw anything of a 
promising character, or that would give ever so small an amount of 
s~,leable ore."2 

Ballaglass or Great Mona Mine. 
Large sums of money were expended upon this trial of a small north

and-south lode discovered in the bed of Cornah River 1,050 yards E. of the 
high roa.d from Ramsey to Laxey. The workings commenced about 1il54; 
alld in 1857 Sir W. W. Smyth reported that llluch spirit was being shmYIl 
in driying the 10 aIHI 24 fathom levels, on a vein with small portions of 
copper, :;:lnc aIHllcad, but too narrow to warrant llluch further outlay. In 
sallle year there is a record of 9 tons of lead ore and 8 tons of zinc ore to 
the cre{lit of the mine in "~Iineral Statistics," which appears to be the only 
return made from it. The mille was then suspended for some years, but 
restarted by the GreClt Mona ~1ining Co. in 1866, with no better success. 
In 1867, Smyth noted that a few stones of ore had been raised; and in 1868, 
that the shaft was dmyn to 50 fathoms, with no improvement. This 
appears to have been the depth attained when work was abandoned. The 
lotle is s;,id to have been nowhere more than 6 to 12 inches wide, and to 
have lmd nn easterly underlie. A small uncrnshed igneous dyke of peculiar 
charact{'r traverses an E.-IV. joint or slllall fault in the slaty flags illl
llHxliai{'ly to the west,mrd of the mine (see p. 140), and must be intercepted 
by the lode. An intrusion of different character has been encountered in 
the "'orkings, as shmnl by the fra.gments of shenred 'greenstone' 
contained in the spoil-hpap. 

Ballaskeg Mine. 
The Great Mona Company also drove two levels (the longest Raid to be 

GO or 70 fathoms) into the cliff 700 yards N. of Port Comah, on an E..
'V. lmle cont;tining traces of copper ore, which were known as the 
BALLASKE{; MINE. Another level was drivell, e{llV,lly unprofitably, into 
the side of the valley near CorrallY Bridge. 

I ~lSS. ill 'Yonds and Forests Office. 
2 Jbid. 
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Barony Mine. 

Thi~ name was given to a small trial for copper made many yedrs ago on 
a conspicuous N.-S. lode exposed on the foreshore 200 yarcb S. "T. of 
Port Cornah, as described in a previous chapter (p. 129). The ~haft, on the 
low clift·, is said to have been sunk 15 fathoms, awl a level driven S. from 
it at 10 fathoms, until stopped by water, on a gooll gos~any westerly 
dipping lode with some carbonates of COPIJer. A crO~8-Cut adit was after
wards driven from Port Cornah.1 

Baldwin Mine. 

This olll mine, the site of a long and ohstinate trial with the most meagre 
results, is loeatell on the east bank of the HiHr Glass oppo~ite the h,unlet 
of BnJllwin. A plan of the mining sett in the \\-oOlls and Forests Office, 
datt·tl ISG4, shows two parallel lodes, "X o. 2" allll " No.3," 40 or 50 yards 
apmt, stJ'iking approximately ),f.N.\V., intersected by other two ("Xo. 1" 
and .• \rheelease LOlle") similarly parallel and the same llistance apart, 
striking K-\Y., but tlll>se lodes "'ere prolJ<,l)ly more or less imagimny. 
From the paper~ accompanying this plan, it appears that a leyel hall heen 
driven in the first instance by the Isle of ~Ian (Foxlble) ~fining Company, 
awl alx,ndoned. Later, sometime between 1850 55, an attempt was made 
by other parties to sink a shaft; and finally, in 18G2, a lease was granted to 
the" Ihldwin ~Iining Company, Limited," and work commenced in earnest. 
In lR73, we find it stated that about £20,000 had been expended, and ore 
sold to the value of £168 3s. 3d. only, with some 5 or 6 tons more at the 
surface partially unwa,shed. Sir \V. \V. Smyth's reports contain many 
details of the ·workings. In the report for 1863 we learn :-" FroJll the 
bottom of the shaft, now 17 fathoms deep, a cross-cut is driving N. and 
S. to intersect the three veins which have been seen at the surface. The 
southern one is without promise, but the ground looks more favourable in 
the direction of that 100le which at a shallower level had last year yidded 
some large lumps of lead-orc." In 18G7 the shaft was GG fathoms deep, with 
drivings ; in the 42-fathom S. level a little ore had been obtained on the 
lmnging side. In lR()S the 42-fathomlevel was out no less than 140 fathoms 
from the shaft; anll ,. one little cour~e of ore is yiellling le'ad and hlelllll' 
on's, rather in cwts. than in ton,~" and ha,nlly \\orth the timbering. In lRio 
the (jG-fathom level on No.2 IOtle is mentioned as having for about H 
fathollls yid(bd a fair amount of ore, hut improvement was still nCl·(led. 
In IS71 a winze hall heen Sllllk 11 fathollls, and about 12 fathoms of a 77 
fatholll levcl driven" unfortunatdy finding only poverty heneath." The 
following ye,U" we le,un that the c,lpital of the COll1lHll1Y was exhaustel!. 

Ohio, otherwise East Baldwin Mine. 

The ruins of this mine lllay 11(' seen in the East Baldwin valley on the 
cast l)ank of rivl'r C)O y,mb north of the mill at Hallrmyllin. It sel'lIIS to 
have lwpn cOIllllll'ncPll in ISGG, and furnishes ,lnother eXillllpll' allll)Jlg Manx 
lIlim·s of long and costly working with the lI10st insignificant n·sult. It is 
mentinncll ill ~myth's report fur that year as "n, sJllall shaft sinking on 
a not \"('ry pronollnced vrin," allll reference is made in the following year to 
the Ull\\'arr,l,lltclt excitement in ])ouglas over a surface-discm'ery at the 
mine. In lRn8 ~Illvth notes that a 10-fathom level showed the "lode 
of a very confused m\ll ungninly ap]Jcn,rance," amI that no ore wlmten'r was 
being rai"etl. Tn 18()D, the mine was down to 3;) fathmns, " hut there is lll're 
a junction of \'l·ins with an ext:l'l'llillgly puzzling piece of gnmnll to 
uuravl'l .... ,1, littll' gO()ll ore h,vl be ell llll't with in one IJlace flJl" 2 or 
3 fathoms in length," in the 2;)-fatholll leyel. In 1870, the lode was heing 
cut in the CJo-f<ttholll levl'l, hilt the little ore obtained was from a SUlllp ill 

1 From information obtained from Mr. W. H. Huwe. 
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the 35-fathom level, ""hich is the only exception t{) the mass of confused 
and broken black ground." In his next report Smyth states that the mine 
was sunk to 60 fathoms, and that a level at 50 fathoms was 25 fathoms long 
,. with nothing of promise till close to the end, where came in a favourable 
looking branch of zinc-blende." In 1872, "ith the shaft at 70 fathoms, it 
is noted that much rlrinng had been done, "but with the curious result 
that neither the E. and "\Y .. nor the X. and S. lode can be found ore
bearing except in the one limited bunch" previously recorded; and in 1873, 
the 70-fathom level had been driven some fathoms east and "est" in black 
slate country, and showing not a spark of any useful mineral," while the 
60-fathom Ie, el was driving: north on a XA;;. lode, but without a trace of 
ore. After "hich it is not ~urprising to read in the following year that the 
mine had stopped. It ,,,as restarted, ho"ever, by "The )fanx Silver-lead 
)Iining Company, Limited;" and Smyth noted in 1876 that a little ore 
had been scraped up in the 36·fathom level from the skirts of the original 
bunch; and in 18i8, that the shaft was down to 92 fathoms, and that it wag 
intended to carry it down to 10-1 fathoms-an intention which does not 
appear to have been fulfilled. 

The only returns from this mine published in ")Iineral Statistics" are in 
the years 1872, 187-1, and IS75, the total amount being 241 tons lead ore 
and 39 tons 8 cwt. zinc-blende. 

Douglas Head Mine. 

Some utterly profitless mining work was done on Douglas Head (Sh. 13) 
bet"een 1865 and 18il, consisting of a long adit driven in from the cliff at 
the southern side of the headland, and a shaft on the summit S.W. of Fort 
Anne Hotel. The character of the operations will be understood from the 
follmving extracts from Sir W. "\1'. Smyth's reports ;-In 1865 the report 
states that" a shaft had been sunk for 14 fathoms, and a couple of fathoms 
driven on a lode coursing X.E. and S."\V. "ith 'umbery' gossan, but no 
appearance of ore; ,,-hile a cross-cut adit "as driving from' Billy Gilbert's 
harbour,' 1Yhich "ill have to be pushed from 60 to 70 fathoms in order to 
meet an expected lode." In 1866, the level driving in from the sea had" no 
appearance whatever of a promising character" ; in 1868, it had a length of 
so fathoms in hard ground [Lon an Flags] costing £13 to £16 per fathom, 
"the vein a mere string without a speck of mineral in it the whole way" ; 
and in 18iO, the shaft had been sunk" 24 fathoms on a course termed a lode 
but ha~oing a very problematical appearance and not a grain of any kind 
of ore: 

Ellan Vannin Mine.1 

Under thi~ term an unproductive trial "as made between 1870 and 1875 
in the little glcnlocally known as Cart"right's Glen, which joins Glen Auldyn 
south of Skylllll famI. The workings ,...-ere commenced on the strength of 
the discovery of lumps of lead-ore in a gossany north-and-south vein in the 
ued of the stream, "ollich it was thought might be the prolongation of the 
La,xey lode. The favourable indieations disappeared however in adits 
driven north and south on the lode. A level was then driven from the 
bottom of the Yalley :200 yards 100ver down, below the bend of the stream, 
to croS8-cut the lode under the hill. This is said to have attained a total 
length of 10-1 fathom8, ...... ith branches. Sir W. W. Smyth notes in his report 
for 18,-1 that the long level failed to show the least sign of any vein on 
which to open working$. A shorter level, 30 fathoms long, driven north
north-west,vard from the fork of the streams due S. of Skyhill, to test 
another supposed lode known as the Douk Vein, was equally unsuccessful. 
The cost of the trials must have been considerable, and no ore was 
marketed. 

1 From plans and information furnished by Mr. W. H. Rowe. 
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Glen Auldyn Lead Mine.1 

This name was given to a series of trials in the upper part of the 
picturesquc glcn which falls into Glen Auldyn from the east at Balleigh
eragh (six-inch, Sh. 5). The earlier workings in the ravine, 500 yards west 
of the mountain road below North Barrule, consisted of sinkings and short 
levels on a vein striking N. 20' E., "ith a westerly dip. A dyke of olivine
dolerite (described on p. 136) is intercepted by the supposed lode at this point, 
but I have not been able to obtain definite information as to their relation· 
ship. A deep adit-level was afterwards started 200 yards lower down the 
valley, to cross-cut the lode; and was driven 69 fathoms, but is said only to have 
cut the' fiookan,' a subsidiary vein, and not the main lode. Sir 'V. 'V. 
Smyth refers to the workings in his report for 1866, describing the vein as a 
" soft lode on which adits are driving . . . . with small isolated stones 
of lead ore." No returns of ore were made. 

In another branch of the same glen, -100 yards west of the ahove, at the 
place marked" Lead ~Iine" on the six-inch Ordnance map (8h. 5), there 
IS an old working regarding which no information is forthcoming; it 
appears to consist of a level driven south, but no lode is visible. 

Glen Crammag. 

An old adit may be seen in the east bank of this glen, 300 yards above 
its junction with the Sulby River (Sh.7). It goes E. 20° N. on a dislocation 
at the margin of the" crush-conglomerate," the" lode" consisting of crushed 
slaty pyritous fault-stuff and quartz. This is probably the working 
mentioned by Smyth in his report for 1866 as being on a "very unpromising 
great dowk lode." 

Glenfaba Trial. 

Respecting the working on the south side of the Neb about 100 yards N. 
of Raggatt, Smyth reported in 1858, "a level has been driven a few fathoms 
from near where the road, at one mile south of Peel, crosses the river, but 
there is no lode at all." 

Glen Meay or North Foxdale Mine. 

A plan of metalliferous veins at 'Glen May,' dated 1826, is,yre~erve~ i~ 
the Woods and Forests Office, showing two north and south malll vems, 
and three N.'V.-S.E. "cross-veins" or "feeders,' with the note--" The 
whole of these veins laders and feeders bear lead ore to the surface, and 
are in every way prOI'nising to be productive in that metal.:' The working8 
afterwards carried on, chiefly between 1857 and 1865, were sItuate.d.550 yards 
from the shore, or 150 yards higher up the glen than the posItI?n of the 
veins as shown on this plan which, however, may have been lllcorrect 
in scale. 

In Sir W. W. Smyth's reports for 1858 and 1869 it is stated that small 
portions of ore were visible in the workings, but no appearance <?f y. regular 
or strong vein. In 1861 we learn from the same source that d~vlDgs were 
being pr6secuted "at 15 fathoms deep, in two lodes :unmng pretty 
distinctly through clay slate and from 6 inches t? 2~ feet m breadth,.but 
'lllfortunately yielding no ore; traces of iron pyntes and carbonate of Iron 
being all the metalliferous matter prescnt." In 1865, "favou:able stones of 
lead ore have been met with at various points, but not contllluous enough 
to he of value." In 1866 a 14 fathom level had been driven a great many 
fathoms east to no pnrp~se as well as a cross-cut north; while" a short 
cross-cut south on the extr~l1le west of the workings has laid open a very 

I Information chieft.y furniRhed hy Mr. VV. H. Rowe, to whom I all 

indebted for a copy of a mining plan of the locality. 
3194 ~ M 



546 THE METALLll'EROUS VEINS. 

promIsmg appearance of lead ore, at the rate of several cwt. of ore 
to the fathom." In 1867, it is stated that in the last 3 fathoms of the shaft 
the vein had yielded stones of lead to make up 3 or 4 tons. In 1868, the 
workings are described as a 50-fathom inclined shaft, and a driving of 3 
fathoms. In 1869, we learn that the 50-level had been driven 70 fathoms west 
and 30 fathoms east on an unkindly lode yielding nothing whatever; a.nd 
his is the last mention of the miue in these reports. 

Glen Rushen and Niarbyl (Isle of Man Antimony 
Mining Company). 

In an old trial made about the middle of last century on the shores of 
Niarbyl Bay in search of the westward prolongation of the Foxdale lode, a 
slllall body of antimony ore (antimonite) was discovered. AB it was cur
rently believed that more of this ore might at that time have been obtained 
if it had been considered worth working, the ground was reopened in 1893-4 
by an adit driven eastward into the cliff at .Traie Vrish (Sh. 12),400 yards 
S.E. of The Niarbyl, only to find that the ore-body bad been merely a small 
pocket which had been entirely cut out in the previous workings.l Speci
mens of the ore may still be obtained from the old spoil heap at the foot 
of the cliff at this place. It is apparently the only occurrence of this 
mineral in the Island. 

A renewed attempt was made under the same auspices to discover the 
Foxdale lode in Glen Rushen, west of Beckwith's Vein (p. 504), but without 
success. 

Injebreck Mine. 

Under this name a trial was made between 1872 and 1876 in the valley 
of the head-waters of the River Glas~, ·300 yards N.E. of Injebreck House, 
at the place marked Lead Jiine' on the six-inch Ordnance map (Sh. 10). 
Smyth described it in 1874 as consisting of a shaft 22 fathoms deep, with a 
bit of level east and a cross-cut south, revealing mere specks of ore of no 
value. -

Kerroo-Mooar Mine. 

This rather extensive mining trial was made between 1860 and 1870 in 
the steep bluff of glate at Kerroo Mooar, nearly a mile to the eastward 
of the village of Sulby. It consisted of three levels driven, one above 
the other, southward into the hillside on a somewhat uncertain 'lode' 
striking nearly due south with an easterly underlie. The lowest level was 
ahout 100 fathoms in length; the second 80 fathoms; and the highest 50 
fatholll~ ; the ycrtical distance between the first two being 16 fathollls, and, 
between the last two, ] () fathoms. In the two upper levels a little galena 
and hlellde, assoriated with barytes, 'vas "i~covered, but not in marketable 
(luantity. The lowe;;t level for several fathoms from its entrance was in 
the boulder clay, which is banked thickly against the foot of the slope. 
The workings intercepted one of the olivine-dolerite dykes, and "a. shallow 
sinking on the dyke is said to have revealed; a little galena on the' foot
wall' of the intrusion.2 In an adjacent open quarry, as describtd 
on p. 59, one of the older 'greenstone' intrusions IS worked for road
metal, and a thin dyke of olivine-dolerite, probably a 'flier' from the 
dyke found in the mine, is seen to traverse both the country-rock and the 
, greenstone.' 

I Information supplied by Mr. Bawden, the manager of the recent 
workings. 

~ Weare indt.!1ted to Mr, W. H. Howe for most of this information. 
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Sir IV. W. Smyth mentioned the operations in hi" report tor lRflfl a~ 
"a rFomising vein being driven on, hut withont Luther ,lisco very of ore :" 
and III 11167 noted that "a good deal of veinstone containing lead Bnd zinc 
ore has been brought to the surface, hut none yet dressed" 

Kirk Michael Lead Mine. 
References to preliminary operations in this locality are contained in 

Sir W. Vv'. Smyth's reports 1 for the yettrs 1858, 1839, 11'60, and 1861, but 
the chief work on this slllall mine was effected at intervab het\veen 1868 
and 1883. Its total yield as given in " .JIineral Statistics" bet\veen 1870 
and 1883 was 222 tons of lend ore. It is situated in the deep. glen which 
lies between Slieau Cum and Slieau Freoaghane, ahout I! miles S.E. of Kirk 
Michael, and fUfIlishes the only known example of a n(etalliferous vein ill 
the north-western district of the Island. The direction cf the lode seelll~ 
to have been ttbout ,V. 40" N. E. 40u S., ,,-ith a north-easterly underlie, 
but after heing traced for 120 yards it \vas lost in both llirections, apparently 
through cross-faulting, being intercelltell by east to ,,'est slides, known 
respectively as "the Great Douk vein" on the S.E. and the" Cross lode" 
on the N.'V. The mine ,,"as \vorked by three dtty-leyel" driven into the 
hill to intercept the lode, and by a shaft. Other trials were made on the 
steep slopes on both sides of the glen, but with no result. 2 In describing 
the workings on the productive part of the mine in his report for 187;), 
Smyth notes that in the No.2 level, S. of the cross-cut, a shaft had been 
put down 6 fathoms, with driving~ north and south from it, the lode 2 to 3 
feet wide" consisting of two slUall strings of g,Llena with killas between 
them, and yielding at most 8 or 10 cwt. of ore per fathom." We are 
informed that over £10,000 was expended on this property. 

Laurel Bank and Wheal Michael. 
In his report for 1863 Sir vV. IV. Smyth refers to a worhing of this name 

I:arried on by Mr. Ashe "in sOllle singularly contorted' country' in which 
were some irregular floors of quartz sp~trsely containing delicate sta~s of. a 
rare nickel-mineral, 'Millerite,' but there \yas no lode at all." In hIs" LIst 
of Manx Minerals" (Isle of Man Nat. Hist. antI Antiq. Soc., voL i., p. 147) 
the same authority mentions the mineral as "delicate capillary ~rystal 
vein-stuff at a trittl shaft at Rhenas, south of Kirk .MichaeL" It IS not 
easy to identify this locality; Laurel Bank is gi ven ?n the 6-incl~ Ord~lance 
map, Sh. 9, as the name of a house on the western SIde of the Neb "\ alley 
one mile below Glen Helen' Hhenas is two or three miles higher up thE' 
same valley just above Glel; Helen. There are traces of a "mall ~linillg 
trial bJtween these places, 500 yards south-1\"est of Lumhfell ~Iooar, III th .. 
little gully which joins the Nell Valley just helow Ulen Helen.; but ~h. 
Ashe'" trials ,;eem chiefly to have 1>l'C1\ carricll on, miller the htle of t!1C 
" ,V IIE.~L MWIL\ 1':1, ~l1N E," on the hi 11 1\,Ulll'(l ('roll k ny Fedjag, ahout a 1111.11' 
north of Hhenas, where thl' traces (If a "h'lft and other worj,illgs lllay stdl 
be seen. Either of these locaJitics mtly he the p];lce rderretl. to by S~llyth, 
but the former is the more pr01l<lhle. An old plan of the Wheal IIlIclmel 
sett in the possession of Mr. ,V. Il. Rowe shows two supposed lodes; 
one coursing east-north-east, on which the shaft is sunk; and another, 
coursing north-north-east and intersecting the first, which. was. te.sted by a 
short level in Glion Cannell, 150 yards north of ShughlaJgqUlgg~n. Both 
lodes are said to have yielded samples of lead ore. An older worklIlg, a~pa
rently of greater extent but respecting which no information is forthcollllllg, 
occurs a little farther east on the banks of the stream 350 yards north of 
Crollkbane Farm, in the 'vicinity of a mass of intrusive ".i~r~enRtO\le" 
(p. 137): this is lllarkell "Lmd "lIllie (Disllwl)" on the slx-ll1d map 
(Sh. fi). 

1 ~[SS. in ,Yoods and 'Fore~t8 Office. 
2 The above illfoflnatioH has been furni8heu by Mr. ,Yo H. Howe. 

3194 1\1 l\l 2 
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Maughold Head Copper Mine. 
This working, erroneously marked "Lead ~~line" on the six-inch 

Ordnance map (Sh. 5), consists of an adit, stated to be 60 fathoms long, 
driven into the cliff on the south side of Gob ny Strona, the most easterly 
point of .JIaughold Head, on a dolomitic vein containing a little copper 
pyrites, striking in a west-north-westerly direction. Sir 'V. W. Smyth re
ferred to it in his report for 1866 as "a lode 3 feet wide, promising in 
appearance, but in a place very difficult of access" ; and in 1867 he men
tioned that a shaft had been sunk for 10 fathoms at the base of the cliff, 
where the ore appeared to be cut out. The trial was abandoned without 
having produced any marketable ore. (Since this was written, work has 
been resumed here, the shaft deepened, and a level at 18 fms. driven 
towards low-water, where the lode is reported to widen out.) 

Mon tpellier Mine. 
This was a trial made about 1866 in the ravine of the western feeder of 

the Sulby River under Sharragh Bedn (Sh. 7) 600 yards N. of Oroit. A 
line of disturbance and faulting trayerses the slates in this glen in a 
W.~.'IV. direction, IUHling northward, which may have constituted the 
'lode.' Some lumps of lead-ore are said to have been obtained, but nothing 
of permanent "alue; one of the levels is stated to have gone about 50 
fathoms. Sir W. 'IV. Smyth described it in his report for 1866 as "a level 
driven and shaft sinking with nothing to recommend it." 

Mount Dalby Silver-Lead Mining Company, Ltd. 
Under the auspices of thi~ company some trials were made near Dalby 

about the year 1872 in the valley of the Lagg River, half a mile east of 
Barrane, but without attaining any useful result. Sir ,V. W. Smyth, in 
October 1872, after examining the~e workings, reported that" of the favour
able appearances. . . . not a trace exists," and that the only facts 
were that the ~ett contained win-like traces, in which no ore had yet been 
found, in the direction of the Foxdale lode. The statements which were 
made in the prospectus of this company must be read with astonishment 
by anyone knowing the ground. 

Onchan (Douglas Bay) Mine. 
This working, which appears in the list of .Jlanx "Mines in "Mineral 

Statistics" for 1891 and the succeeding years, consists of a sump and an adit 
in a direction of N. 100 -20" 'IV., in the slate cliff on the northern side of 
pouglas B'l,y, 200 yards west of Derby Oastle. From an account published 
1Il the" Transactions of the .JIanx Geological Society Session 1891-92" 
(reprinted from ".JIonn:s Heml(l" newspaper 6th 'January, 1892), it 
al:pe~rs that" a piece of al111o~t pnre plumbago ,;'a8 found upon the shore 
wlthm a very ~hort distance of the place," and the working seems to have 
proved the presence of that mineral ill the lode. In the same account it is 
stated ~hat" the adit so far shows a lo(le containing quartz, lead, baryta 
and OXIde of iron, though as yet only in moder'tte quantities." A later 
newspaper report announced that ore had been found containing several 
pennyweights of gold per ton, but the discoyery does not appear as yet to 
have assumed any economic importance. 

Pen (Beinn) y Phot or Sulby River Mine. 
The insignifirant trial thus named consisted of a level and shaft (marked 

on the 6-inch nl:1]l, Sh. 7) on the west hank of the headwaters of the Sulby 
HiYer, one Illile- k. \\'. of the ~ullJlllit of Rnadell. Considerable sUlns must 
han· hpPIl eXjll'nrlrd on the eredioll of a Im·ere wheel and other surface 
works, the ruins of which ;ue still eonspicuollS~ Sir W. W. Smyth refers 
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to it in his report for 18GU, as .• on a north and south lode, dowky or with 
soft clay" ; and in the following year mentlOn~ that it was started with 
fine plans, and then heart lost, In a later communication to the IVoods 
and Forests Office (Sept" 1881), he remarks that no conclusive trial was ever 
made at this place. 

The Ramsey or Northern Mine. 
This trial, on which some thousands of pounds were expended, was made 

between 1866 and 1873, on a small north and south vein containing a 
little galena and blende, in the slate cliff at Gob Ago (Sh. 5) on the eastern 
side of Port e lIIyllin (Vuyllin of revised Ordnance map). The first workings 
consisted of an ad it driven for about 50 fathoms southward on the lode; 
a shaft was afterwards sunk (26 fathoms 1) and a driving under the sea 
northward commenced, where it was expected the vein would intersect the 
course of the broad belt of felsitic igneous rock exposed in the cliff 500 
yards farther eastward (see p. 12,1).' X a further discovery of are was 
made however, and the total quantity produced was too slllall to be 
worth marketing. Another old level, a few fathoms in length, exists in 
the eastern corner of Port e lIIyllin 200 yards west of the above. 

Sir W. W. Smyth makes brief mention of this trial in several of his 
reports.2 In 1866 he notes there was" nothing more Illet with than pretty 
strings 1 to 3 inches wide with good galena"; in 1867 he refers to it as 
"a tempting vein of lead ore, but far too small to be important." In 1871, 
the shaft had been sunk 21 fathoms and was intended to go 5 fathoms 
deeper; in 1872, a cro~s-cut was being driven out; and in 1874, the mine 
was" idle." 

NOTES ON OTHER VEIN-PRODUCTS. 

Gold. 
From the general character of the Manx Slates and some of 

its veins, it is not inherently improbable that a little gold should 
be found in the Isle of Man; but the evidence for its 
'presence is, as yet, scarcely satisfi1Ctory. In 1867 D. Forbes 
III describing the occurrence of polytelite in the Foxdale 
Mine mentioned that the Foxdale granite is identical in 
composition with some auriferous granites, and that traces of 
gold were reported to have been found in the gullies and in 
quartz-veins contiguous to it.3 Capt. J. Kitto, late of the Fox
dale Mines, informed me that he also had heard that specimens 
of gold had been founu, some time ago, in this ciistrict, but had 
not himself seen them. 

Among Cumming's geological specimens preserved in King 
William's College at Castletown, are two water-worn fragments 
of slate showing specks of free gold, in the one specimen on a 
smooth cleavage face, and in the other in a crushed vein-streak. 
An almost illegible label on one of the specimens appears to read 
., Langness," and the rock is of the kind which occurs in that 
locality. The reported presence of gold in a vein mined on the 
northern side of Douglas Bay has been mentioned on p. 5484• 

, From information and plan furni~hed by Mr. 'N. H. Howe. 
2 1.1SS. in Woods and Forests Office. 
3 "Researches in British Mineralogy." Phil, Mag., 4th ser., vol. xxxiv., 

p.35,1. 
4 A note of this supposed discovery appeared in "Nature" of Jan. 24th, 

1895, vol. IL, p. 299. 
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The metal is not included in Sir W. W. Smyth's published list 
of Manx Minerals.1 

Since the above was written a small trial has been made near 
the Cluggid in ~ulby Glen on a vein reported to contain gold; 
and another tnal at Maughold. Both are however now sus
pended. (Aug., 1902). 

Molybdenite. 
This mineral occurs as a thin incrustation on joint-facos of 

the Dhoon Granite in the quarry on the west side of the high
road, half a mile north of Dhoon Glen, where, according to 
Smyth, it was mistaken for lead ore. 2 It has not been observed 
elsl:where in the Island. 

Plumbago. 
The presence of graphitic slate at two or three localities in the 

~Ianx Slate Series has been noted in a previous chapter (p. 94 and 
!). 134 ). No workable deposit of the mineral has yet been found 
III the Island. In Sir 'IV. 'IV. Smyth's" List of Manx Minerals" 
(Op. cit., p. 143) graphite is recorded as occurring" impure in 
the Snadell Lode 100 and 130-fathom levels"; and in some 
handbooks of Mineralogy (e.y., that of Greg & Letl;som, 1858, 
l;. 2), "Beary in the Isle of Man" is given as a locality 
for the mineral. Documents in the Woods and Forests Office 
throw light upon the hst-mentioned reference. From these it 
appears that in 1852 leave was granted to the Rev. J. G. 
Cumming and Dr. T. Underwood to search for manganese and 
other minerals in the parish of German, east of the Neb anel 
north of the Peel and Douglas highroad, and that" in the course 
of their searches they haye discovered some plumbago, which 
they wish to haye included in their licence," which was 
aeeordillgly done. In February 1854, the resident Crown Agent 
reported that a day-level had been driven about 25 feet in this 
sett, with a side-cut to meet the opposite cheek of the vein; and 
that about 40 tons of raw stuff had been raised, but the samples 
were not sufficiently good in quality to command the attention 
of plumbiigo merchants and no sale had been effected; strings 
of copper had also been observed in the district. The site of 
this working appears to haye been on the slope of Beary Moun
tain, but the exact locality has not been identified; Cumming 
no doubt refers to it ill his" Guide to the Isle ()f Man" (1861, 
p. 27), where he states, " Plnmoago has been discovered in Glen 
Helen." 

The cliscoyery of a piece of plumbago of good guality on the 
fureshore at Douglas, derived from a neighbourmg lode, has 
nlre.Hly been ment.lOlled (p. 548). 

In conlleetion with this subject the occurrence, under circum
~tallces pl'eyiOl1sly discussed, of a singular string of anthracite 
III the Laxey wines should not be forgot.ten (p. 520). 

lOp. cit., p. 146. 2 ibid. 
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LIST OF SMALL MINING TRIALS NOT DESCRIBED IN THE 

FOREGOING PAGES.l 

Sheet of 
6 inch 

Ordnance 
Map. 

Sheet 4. 

Sheet 5. 

Sheet 7. 

Sheet 8. 

Locality and Position. 

Hillside S. of Ballaugh, 400 
yds. W. of Corn Jlfill2 

Glen S.W. of Sulby, in gully 
400 yds. N.E. of Earykellue 

Glen S.E. of Sulby, in bank of 
stream 600 yds. S.S.E. of 
Ballamanaugh 

Steep slope 300 yds. S.E. of 
Ulentramman East, marked 
Lead ~lfine on 6-inch map 

Near stream 700 yds. S.W. of 
Parkneakin 

Cliff 300 yds. W.N.W. of Port 
Lewaigue 

Glen Slwggle, 120 yds. S.E. of 
Nascoin 

Stream 400 yds. E.S.E. of 
Stock field 

W. slope of Sartfell, 900 yds. 
S.E. of Barrowgarroo Beg 

Head of alion Kiark, S. of 
Slieau Freoaghane 

Head of Glen Auldyn at slate
trials at upper fork of 
streams 

Head of Cornah Glen, between 
NOl'th Laxey Mine (p. 524) 
and East Snaefell trial 
(p. 526) 

Cornah Glen, S. slope, 1,550 
yds. W. of Corrany 

Cornah Glen, S. slope, 1,100 
yds. S.W. of Corrany 

Cornah Glen, in gully 150 yds. 
S. of Park Lewellyn 

Cornah Glen, N. side of 
stream 200 yds. W. of 
Corrany 

Cornah Glen, S. slope, 250 
yds. S.E. of Corrany 

E. bank of small stream, 250 
yds. S.W. of Boileyvelt 

Description of Working. 

Small shaft 

Short trial along fault 

Short adit going E. 15 N. 

Adit; stated to go 8 01' 10 
fathoms on an E.-IV. "douk
lode" 

Small sinking on "douk-lode 
with spots of lead" 

Short adit 

Adit into south bank of stream 

Adit into west bank (1 part of 
Wheal ltfichael workings; 
see p. 547) 

Adit, marked" Lead fiIine " on 
6 inch map, but probably a 
slate-trial 

Level in connection with slate
trial 

Two levels (1 for slate), marked 
on 6-inch lllap 

Adit in north bank marked on 
6 inch lllap 

Adit on hill-side marked on 6 
inch map. 

Adit near top of slope. 

Short adit, E. 15 N. 

Adit 40 fathoms long, on It 

well-marked lode without 
ore 

Small shaft j hematite-stained 
slate in spoil-heap 

Small shaft 1; spoil-heap of 
hematite-stained slate 

1 This list represents the old trials noted on the working map during the 
Survey, respecting which no information was forthcoming. It does not 
profess to be exhaustive, as there have no doubt been many other trials of 
which there are now no distinct traces. It is intended to illustrate the 
extent of the exploratory work. 

2 Distances given as measured on the 6-inch map; place-names in italics 
will be found on the 6-inch map, but not on the l-inch. 
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Sheet of 
6 inch 

Ordnance 
Map. 

Sheet 8 
(cont.). 

Sheei; 9. 
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Locality and Position. 

Ballasaig, 200 yds. W.S.W. of 
Smithy, and again 50 yds. 
N. of Smithy 

Ballagorra, 400yds. W.S.W. of 
Chapel at cross-roads 

Ballagorra, 350 yds. N. of 
Chapel at croRs-roads 

Ballagorra, 250 yds. S.E. of 
Chapel at cross-roads 

Cliff 500 yards S. W. of Gob ny 
Garvain 

Cliff at Bulgham Bay, 300 
yards S. of Dhoon Mine adit 
(see p. 528) 

Dhoon, in small ravines east of 
high road. 

Head of Glion Ruy (Glen 
Agneash) 

Glen Agneash 

La.xey Glen, east bank of 

Description of Working. 

Small shafts (trials for hema
tite) 

Small shaft 

Adit, "50 fathoms long" (see 
p. 541) 

Small shaft (obliterated) 

Short adit N. 15. W.; marked 
Iron JWine on 6-inch map 

(see p. 127) 
Short adit 

Several shortadite in granite, for 
, polishing powder' (see p. 556) 

Adit (and shaft 7) marked Lead 
Mine on 6 inch map 

Several workings in search of 
N. prolongation of Laxey 
lode (see p. 523) 

Adit N. 25 E. 
Stroan ny Fasnee. 

Laxey Glen, west bank, 150 .A.dit, starting in till 
yards above Mill. 

Laxey Glen, lower part. 

Cliff S. side of White Strand. 

Cass Stt'oan, 150 yards inland. 

N. corner of field 350 yards 
E.N.E. of Lambfell Mooar. 

Cliff 300 yards S. of Glen 
Meay. 

Gordon, 500 yards W. of high 
road. 

Ballacoshnahan, near W. mar
gin of valley 700 yards S. of 
Ash Lodge. 

N. slope of Slieau Whuallian, 
300 yds. S. W. of Glen Aspet 

N. sloDe of Slieau Whuallian, 
300 ·yds. S.E. of Glen Aspet 

Lower part of Foxdale, west 
bank, 550 yds. E. of Slieau 
Whuallian Farm 

Lower part of Foxdale, in 
small gully, 400 yds. E.S.E. 
of Slieau Whuallian Farm 

West side of road at Ballaoates 
Slope 800 yds. N.N.E. of 

Ballagaraghan 

Several workings in search of 
S. prolongation of Laxey 
lode (see p. 521) 

Adit along small fault in Peel 
Sandstone 

Shaft in Peel Sandstone 
(see p. 274) 

Spoil heap, small sinking 1 

Adit 

Adit (and sinking 1) marked 
Lead Mine on 6 inch map 

1 small 8inking 

Small shaft 

Adit in connection with slate
trial 

Adit S.W. through till into 
slate 

Adit: marked Lead Mine on 
6-inch map. 

Adit 
Obscure spoil-heap? : graphite

trial? (see p. 550) 



Sheet uf 
6 inch 

Ordnance 
Map. 
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Locality and Position. Description of Working. 

Sheet 10. S. side of glen N. of Cam Obscure spoil-heap, probably 
Gerjoil, in N.W. corner of adit 
field 200 yds. N. of moun-
tain road . 

Hillside S. of Greeba, 300yds. Spoil-heap: shaft or adit 
W. of C1'eg V Whu,alliam 

N. side of Cooillingitl,500 yds. Shaft (see p. 518) 
S. of C1'eg V H' hualliam 

Sheet ll. N. branch of Glen Roy, 350 Adit E. 30 N. into bank of 
yds. E. of Ballaquine stream 

Cliff, 'i50 yds. S. of Laxey Adit 
Harbour 

Clift·, 1,150 yds. S. of Laxey Adit N. 10-20 W. 
Harbour 

Cliff, Garwick, on S. side of Adit, now called a cave 
Glen 

Cliff, Garwick, 150 yds. S.E. Adit, now called a cave 
of above 

Glen Gawne, Garwick, S. bank Adit and cross cut 
350 yds. W. of shore 

Glen Gawne, Garwick, S. bank Adit S. 30 W. 
100 yds. W. of tram-line 
bridge 

Sheet 12. Head of middle fork of glen Small trial (adit 1) 
east of Ballelby, near Dalby 

Cliff on S. side of Gob nv Small trials 
Gamel'en 

Glionn Naal'liagh, 600 yds. Short adit 
E.N.E. of Ballavell, Glen 
Rushen. 

Glen Rushen, W. side, in Short adits (see p. 546 for 
gullies 300 yds. N. of Glionn other workings) 
ny brack 

Glen Rushen, in banks N. Short adits 
of high-road bridge 

500 yds. N.W. of South Bar- Adit in connection with slate-
rule Quarries trial 

Beeal.Jeayn-nv-Geay, S.W. Adits along faults 
side of Cronk ny Arrey Lhaa 

Summit of Cronk Fedjag Adits in connection with 
sla te-trials 

Gully 250 yds. N.E. of Garey Adit along decomposed oli\'ine-
Mooar dolerite dyke (see p. 55(;) 

Mooney Mooar, in Glion Cam, Two adits, one in each hmk, 
200 and 250 yds. below respectively N. 30 E. and W. 
high road. 35 ~. 

S.W. of Urallite Mtn., 300 yds. Spoil heaps of slate; ? ;mo.11 
E. of head of Stru,an Bar- sinking 
rule 

Sheet 13. Corner of field 300 yds. S. of Shaft 
Ellerslie farm 

Hillside 500 yds. S.S.E. of Adit 
BalliI'\.gan 

West bank of Santon River, Small shaft 
on S. side of road 350 yds. 
N. of Ballacorris 
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Sheet of 
6 inch 

Ordnance 
Map. 

Sheet 13 
(cont.). 

~heet 14. 

Sheet 15. 

Sheet 16. 

Sheet 17. 

Sheet 18. 

Sheet 19. 

THE ME'rALLIFEROUB VEINS. 

Locality and Position. 

East bank of stream at 
Ballalough, 200 yards S.E. 
of highroad bridge east of 
Richmond hill 

Cliff at Fiddler's Green 700 
yards S.W. of Douglas Head 

Cliff at Slac~ Indigo, 600 
yards S. W. of h.st 

Cliff on E. side of Onchan 
Harbour 

Cliff on E. side of Port Jack, 
600 yards S.W. of last 

Cliff in Ghaw Dhoo on N. 
side of Bradda Hill 

Cliff 150 yards W. of last 

Description of Working. 

Small excavation: trial1 

Adit (see p. 5.4,4) 

Adit, obliterated; marked 
Lead ~Llfine on 6 inch map 

Short adit; marked Lead 
Jfine on 6 inch map 

Adit, obliterated; marked 
Lead J1Hne on 6 inch map 

Adit. 

Adit 1 near olivine-dolerite 
dyke (see p. 171) 

Hillside 300 yards W. of Small trial 
" West Bradda trial" 
(see p. 537). 

Head of Colby River 300 yards 
W.S. W. of Ballacannell 

West bank of Silverburn, 150 
yards S. of Cregg J.£ill 

Cliff at Tmie ny Gill, 300 yds. 
W. of Port Greenaugh 

Cliff in recess W. of Baroo Ned 
Cliff at Rheboeg, Bay Stacka 

Cliff on E. side of Langness, 
N. of "Tal'rastack Rock 

Adit in E. bank 

Adit (see p. 197) 

Adit 

Adit (see p. 532) 
Adits, marked Mine on 6 inch 

map 
Two short adits, 40yds. apart; 
(for trials on W. side of Lallg

nes~ see p. 538.) 
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Umber and Ochre. 

555 

The production of thesc colouring earths in small {llUtlltity in 
the Isle of 1\1an dates back at least from the beginning of the 
niueteenth century. Macculloch, in 1819, mentions that" yellow 
ochre has been found in suflicient quantity in some of the 
mineral veins, to have become at one time a matter of export," 
but that the mines had long since ceased to be wrought. l The 
mines referred to were probably Bradda and Ballacorkish, as 
Smyth notes the occurrence of the substance in these lodes.2 In 
the documents relating to the transfer of the mineral rights of 
the Island to the Crown in 1827-8, Mallew is the only locality 
given for Yellow Ochre; at the same time a report of the Crown 
Agent states that" of this oaker there is great abundance in the 
Island of excellent quality" but that the lessee had failed to 
lllake it pay. From the somewhat incomplete returns giveu in 
" Mineral Statistics," as shown in the Tables ~tt pp. 496-8, the 
production since 1858 seems usually to have ranged between 
100 and 200 tons per annum. 

The substance has been obtained from two distinct sources. 
One variety, prepared in the village of Bnllasalla, is derived from 
the decomposed black flaggy Carboniferous Limestone (Castle
town or Lower Limestone), which is often weathered at the 
surface and along irregular pipes and veins into brown earth, as 
may be seen in the clift·s north of Ronaldsway and in the large 
quarries west of Ballasalla. This change is especially noticeable 
where the limestone is dolomitised.3 During our survey of the 
district the principal supply was being obtained from shallow 
pits in the little outlier of Carboniferous rocks east of the fault 
near Athol Bridge, one mile N.N.W. of Ballasalla, at the place 

1 "W e8tern bles," vol. ii., p. 579. 
~ "List of Manx Minerals." Isle of Man Nat. Hist. and Antiq. Soc., 

vol. i., p. 145. . 
~ Similar decomposition of dolomiLic lime8tone into umher in DevOIlHhire 

has been described hy R. ,J. Frecheville in a paper on "The Umber Deposits 
at Ashburton." Trans. Geol. Soc. Cornwall, 1'01. x. (1884), p. 217. 
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marked C on the gcologiccd nhlp. The 6-inch Ordnance map 
(Sh. 16) shows an "mnbu pit" near the boundary of the limestone 
at Billown, 600 yards west of the Ballahot quarries, but this is 
no longer worked and the section is obliterated. In lreparing 
the substance, the raw material is pounded, washed an run into 
settling tanks in which the umber remains as a fine paste and is 
then dried and ground. 

The other source of the material is from decomposed olivine
dolerite dykes and from rotten ferriferous slate adjoining 
veins, and sometimes apparently from the ferruginous portion 
of the vein-stuff itse.J.f. Near the surface, both the dyke and 
the country-rock, as well as the vein, are occasionally perished 
to a brown earth which furnishes the umber. The chief supply 
of this variety has of late years been drawn from the day-level 
in the cliff on the southern side of Maughold Head, mentioned 
on p. 126, which follows the course of an olivine-dolerite dyke 
that intersects the Drynane hematite-vein. This is known as the 
Baldroma Mine, and was last in operation between 1887 and 
1893. In the upper part of the Silverburn basin, in a gully 250 
yards S.W. of Harey Mooar, there is a similarly decomposed 
dolerite dyke, along which a short level has been driven, but 
whether for umber or in search of other ores has not been 
ascertained. 

Rotten-Stone. 

At the umber works at Ballasalla a small quantity of . rotten· 
stone,' for use as a polishing agent, has also been prepared, the 
raw material being a fine argillaceous silt, which has accumu
lated, apparently by rain-wash, in a boggy depression on the 
moorland between South Barrule and Cronk E'edjag. Though 
used for the same purpose, this is, of course, an entirely different 
substance from the' dun-earth' described below. 

Fuller's Earth. 

Information regarding the fine glacial clay which has been dug 
for this purpose in Glen Wyllin near Kirk Michael will be found 
in Ohap. Xl., pp. 428 and 447. 

'Dun Earth' or 'Asbestos.' 

The' Asbestos' (fibrous tourmaline) which occurs in veins in 
the Dhoon Granite under conditions described in a previous 
chapter (p. 143) was mined for a time to a small extent, as. a 
polishing powder, early in the past century. The ma-terml 
was mentioned by Woods, in 18D, as being in local use;1 and 
Henslow, in 1821, described it as follows :-" Fibrous Actinolite 
occurs in a decomposing state near the Dun, in two veins, each 
about six inches broad, traversing the decomposed portion of the 

1 " An Account, etc., of the Isle of Man," p. 17. 
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granite and gneiss. It is accompanied by quartz, which it 
penetrates and frequently colours. It may be taken from the 
vein in fibrous bundles of three or four inches in length, but; it is 
in general so much decomposed as to have assumed an earthy 
form. . On pressing the fibres between the fingers 
they crumble to a harsh powder capable of taking away the 
polish from glass, and consequently very unfit to be used in 
cleaning plate, a purpose to which it has been applied. I found 
a single specimen in which the fibres were flexi.ble. Specific 
gravity = 3·03." 1 

A plan of the worki.ngs, dated 1826, is preserved at the Woods 
and Forests Office, showing three short levels, one on the 
northern and two on the southern side of the stream, with a note 
in reference to the northern level that" the mineral substance 
called Asbestos or polishing powder disappears at the end of the 
workings." A lease had been granted by the Duke of Athol 
for the mining of this substance, but the Crown Agent in re
porting on it in 1827-8 remarks, "Mr. S--- wrought this for 
a short period and paid 15 guin" of Lordship, but he 
abandoned the work some years ago, but wh~,ther from its being 
unprofitable or for other reason, I know not. 2 

Vein-Quartz. 

The broad vein of this substance quarried on the N.E. side of 
the Foxdale Granite has been described on p. 160. It has been 
exported on a small scale; mld is in favour locally for ornamental 
rock-work. A smaller quarry has been opened in a similar vein 
Oll the north sIc pe of Kcrrowgarroo, t mile E. of Kennaa, near 
St. Johns (p. 164). The material occurs in strings and lenticular 
ma!!ses in every part of the Manx Slates, especially in the 
Barrule Slates (p. 320), but is generally more or less entangled 
with the country-rock and intermixed with small quantities 
of mica, chlorite, pyrites, etc. 

Coal Trials. 

The search for eoal in the Tsland has been long and obstinate. 
and as yet fruitless. The earlier trials were foredoomcrl to failure, 
being for the mO";L part ignorantly carried on in rocks older than 
the Coal-measures; while the later researches in the north, beneath 
the drift-coyered plain, where alone some possibility of success 
existed, have, up to the present time, failed in their main object; 
though they haye revealed a small salt-field which may prove of 
economic importance. 

As preyiously noted (p. 481), we learn that, as far back as 1669, 
the ruling Lord of Man (Charles, 8th Earl of Derby) "be-illg by 
good reasons persuaded that there is plenty of coales" ill the 

1 'Trans. Geol. Soc., vol. v., p. 4D8. 
2 MS~. Athol papers in Woods and Forests Office. 
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Island, ordered a search to be instituted; and Bishop Wilson, 
early in the 18th century, referred to several unsuccessful 
attempts having been made to find them. 

Dr. Berger discussed the subject at some length in his memoir 
published in 1814, and gives reference to some older records in 
Curwen's" Agricultural Report" (\Vorkington, 1810). He says:
" While I was in the Isle (June, 1811), two or three spots in the 
north-western .part were particularly pointed out ~o me as places 
where coals dId actually appear, or were cropp~ng out. But 
when the matter was strictly enquired, the reports turned out 
unfounded .... The only serious attempt, I beheve, to find coals 
in the Isle was made at Derbyhaven [in Carboniferous Limestone] 
many years ago by n, speculator from Cumberland. After having 
gone to a certain depth, not finding traces of them, he ~ave up 
the search as fruitless."I .l\facculloch, in 1819, mentions,'but dis
credits, the report that coal had been found in the red sand
stone Ilear Peel; and he adds that since his visit to the Island 
he had received fragments of coal said" to have been found 
under the limestone or in the conglomerate of Derbyhaven 
where some expensive borings for that purpose were formerly 
made."2 

It was no doubt the same supposed discovery which was 
referred to in the following terms in the" Manx Mercury" of 
26th Nov., 1793 3 :-" We feel unspeakable pleasure in being able 
to announce to our readers that a stratum or bed of coal has 
been discovered near Derbyhaven in this Island, at a depth of 
about 60 feet from the surface of the earth." This statement 
was of course lmfounded, but is still remembered and repeated 
in the locality. . . 

From documents preserved in the Office of Woods and Forests 
it appears that the search was still fitfully continued during the 
first half of the present century. The resident Crown Agent, in 
reporting on the mntter in 1836, says, " Many trials have been 
made and considerable sums expended, but always without. 
success," and refers also to his" knowledge of many unsuccessful 
trials made by the late Dllke [of Athol] to find coal." About 
this time a licence to search for coal was granted to E. Forbes, of 
Douglas (father of Professor Ed. Forbcs)4 and others; and it is 
mentioned that trials had previously from time to time been 
permitted 011 the \Y nst.c Lands (of The Ayre ?), but without 
result. In a ., report of the Directors of the Isle of Man Coal 
Company," dated 22nd February, 1840 (quoted in the prospectus 
of a later company,) the following details of a boring at Ba11a8alla 

1 Trans. Geol. Soc., vol. ii., p. 56. 
2 " Western Isles," vol. ii., p. 574. 
3 Quoted in the Prospectus of the" Isle of Man Coal Co., Ltd." (about 

the year uno). 
t In an article on l\Ianx Geology contributed by Prof. E. Forbes to 

Quiggin's "Guide to the Isle of l\Ia~1," it is stated !hat in ~everal places, 
both in the limestone ana slate, speCImens of anthracIte or bhnd-coal occur, 
and that thesc had been mistaken for bituminous coal and lcd to useless 
re~earches (p. 56, 4th ed., 18(2). 
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are given :-" The measures gone through at Ballasalla are, first, 
7 yards white sandstolJ.e; secondly, 24 yards of layers of lime
stone, varied from 2 to 7 feet thick, with intermediate layers of 
soft blue clay; thirdly, 23 yards of old red sandstone in layers 
from 3 to 12 yards in thickness, with three layers of clay; 
fourthly, 5 yards ferruginous bands." It is stated that these 
explorations" abandoned for a time for the purpose of searching 
at the north of the Island, were intended to be resumed, but in 
consequence of the Company breaking and losing the boring rods, 
they declined to further prosecute the work." The top" sand
stone" is probably drift, tlie lower beds being, of course, the Car
boniferous LImestone and its Basement Conglomerate (see p. HJ6). 
The northern boring alluded to was pro baLly that made at. the 
Craig near St. Jude's Church in 1tl3H, described by Cumlllmg 
in a passage quoted on p. 280. A document in the 'Voods and 
Forests Office, dated 18th February, 1843, mentiolls that upwards 
of £1,000 had been spent in this search, which had been suspended 
two years previously. 

Another company, with the title of "The Isle of Man Coal 
Company, LimIted," the prospectus of which has been quoted 
above, was organised about thirty years ago to make further 
search for anthracite coal in the neighbourhood of Ballasalla and 
Derbyhaven, but no information is forthcoming as to its actual 
operations. In 1873 renewed explorations were also set afoot in 
the Peel district. All that could be learnt respecting these and 
the earlier trials in the same neighbourhood has already been 
stated (Chap. VI, pp. 278-9). The systematic and thorough investi
gation ill the extreme north of the Island commenced by Messrs. 
Craine Bros. of Liverpool in 1891, and still in progress, has been 
fully discussed in a preceding chapter (Chap. VII., pp. 280-95). 

Salt. 

Steps are being taken to make economic use of the salt deposits 
discovered in Triassic Marls ofthe Point of Ayre borings, descrihed 
on p. 289. It is proposed to pump the twino amI convey it in 
pipes to Hamsey for treatment. In "Mineral Statistics" for 
18!l5, p. 101, n ret.lll"n of 10 tOllS fl'Olll tItis sOllrce is recorded 
tlw tirst ill the a1l11al." of t.he Islalld. 

Peat. 

Information regarding the distribution of peat and the places 
where it has been dug in the Island has been given in a foregoing 
chapter (pp. 415-6). 

Roofing Slate. 

Reference has previously been made (Chap. III, p. 50), to the 
many costly attempts to find roofing slate in the Island and to 
the uniform ill-succe!:!s whidl has attended them. The unsuit-
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able character of the cleavage and flow-structures (p. 73), as well 
as the prevalence of shear-planes and quartz-veins, and their 
combined detrimental effect upon the hardness and compactness 
of the slate-rocks sufficiently explain the failure of these attempts, 
and in most cases ought to ha\e been a deterrent before the 
loss was incurred. These trials ha\e been chiefly made in the 
Barrule Slates, but a few have taken place in slaty bands in the 
Niarbyl and Lonan Flags. In the aggregate probably not far 
short of £100,000 has been expended in this manner in the 
Island with scarcely any return. 

Bishop Wilson in the middle of the 18th century referred to 
blue thm light slate as a matter of export 1; and Berger, in 
1814, mentioned roofing slate as being obtained at Peel Hill and 
Ballagawno.2 The oldest of the systematic trials is probably 
that at the northern end of the ridge of South Barrule, which is 
included in the schedule of the property transferred from the 
Duke of Athol to the Crown in 1827-8. At that time the slate
quarries of the Island were under lease to Mr. Knott; but from 
the report of the Crown Agent it appears that the tenant had 
met with opposition from the natives" who at their own hand 
and without the authority or licence of the lord had been 
accustomed to work the same."3 This custom is referred to by 
Cumming, who states :-" By the insular laws every person 
standing in need of limestone or building stone may enter on 
his neighbour's land and dig and carry away what is requisite 
for his own use, paying the occupier a reasonable satisfaction, 
which appears to be interpreted merely surface damage."4 

Between 1860 and 1870 a very large amount of development 
work was done upon the South Barrule quarry; and about the 
same period more or less extensive openings were made, among 
other places, at the north side of Maughold Head near Port e 
Myllin (p. 124); at the head of Ballure Glen, south of Ramsey 
(p. 136); at several spots in Glen Auldyn; in Sulby Glen near 
the mouth of the Block Eary tributary (p. 133); in Glion Kiark 
on the northern slope of Sartfell (p. 138) ; in the valley of the Neb 
near the mouth of Glen Helen and lower down opposite Ballig 
(p. 157); on the coastward side of the hill south of Peel (p. 147); 
on the northern slope of Slieau vVhuallian near Glenaspet; on the 
western side of Foxdale near Ballageay (p. 162); in the ,Vest 
BallI win vailey west of Awhallan (p. 157); on .the western side 
of Ureeha Monntain; on the east coast, at Bulgham Bay and a 
few other places; in Glen Rushen above Glen l\Ieay (p. 163); 
and. on Cronk Fedjag (p. 164). Numerous other localities where 
work was done on a smaller scale are mentioned among the 
topographical details in Chap. IV. The workings were mostly 
opttn quarries,but in a few cases shafts were sunk and galleries 
driven. Some produced a small quantity of slates, of inferior 

I " History of the Isle of Man" (Cruttwell's ed. of 1786), p. 343. 
2 Tram'. Geol. Ro(: , vol. ii., p. 38. 
:: MSS. in ''{oods and F0;f'sts Office. 
4 " Isle of Man," p. 311. 
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quality and in no instance good enough to compete with Welsh 
slates; the best seem to have been obtained from a narrow slaty 
banq in the Niarbyl Flags south of Peel (sec p. 147). For many 
years all these trIals were abandoned, but work was resumed 
recent,ly for a short time at the South Ban-ule quarry. 

Sir W. W. Smyth's official reports contain many references to these 
quarries during the years of their activity, and as some of the workings are 
now filled with water or otllf~nvise inaccessible, a few notes from this source 
may prove useful. In 1862, after describing several of the quarries, he 
remarks that he had seen no slate as yet opened in the Island good enough 
for exportation. In 1863, he notes that 120 men were at work in Glen 
R.ushen on rock of a lamentably poor character; that South Barrule had 
some rather better slate; and that at Baldwin, where twenty men were 
employed, there was no rock at all like slate. In 1864, at South Barrule, 
with forty-five men, a fair quantity of material had been raised, and Illet 
with a ready local sale but was not good enough for an export trade. In 
1865, the most effective trial was being made at Ballamoar [near St. J ohnsJ 
by sinking a shaft; and in the following year it is noted that at this place a 
tunnel had been driven a long way into the hill, tinding throughout the 
same even-splitting slate, too soft to be applicable; in the same year, 
workings at Peel, Sartfell, SUlby Glen, Glen Auldyn and Maughold 
are also mentioned. In 1867, Smyth remarks that speculation had grea,tly 
cooled; that at Maughold some slate had been got, but with too much 
waste; at Glen Auldyn the lower gallery might do for local consumption; 
and at South Barrule it was too clear that the middle part of the quarry 
was too bad to touch, and the north and south ends, which were better, 
must be worked into the mountain independently, and some good piles of 
second-class slate had been got from the north end. In the following year 
we read ;-" I regret to record the almost total collapse of this branch of 
industry, buoyed up as it has been chiefly by ignorant hopes on one side 
and false representations on the other." Two or three quarries however 
were still carried on, including that of R.henass (Neb valley), the rock of 
which is described in subsequent reports as coarse and full of quartz, fit 
only for rough local purposes; and that in the Sulby valley, regarding 
which it is noted in 1871 that better stone had been found in a cut 8 yard" 
below the chief floor, "but there is much spar all through the quarry still, 
and the cleavage is so imperfect that the product would certainly not be 
saleable in England or Wales"; 95 men were employed in this quarry in 
1873, but it seelllS to have been abandoned two years later. The report for 
1876 describes a spirited trial near Peel, where twenty men had l,een at 
work on a vein, only 32 feet wide, narrowing inshore and with a high clift' 
above, which rendered difficult any system of economic extraction; " several 
cargoes amounting to perlw,lls 100,000 slates have been sent away," but the 
enterprise was to be abandoned. In 1877, two or three men were at work 
at South Barrule only, and in 1880 no work was being done, " not even on 
South Barrule." 

Building Stone. 

Quarry-stone is the common building-material in the 
Islal\d, and is usually obtained from whatever I:lource is nearest, 
whether Manx Slate Series, l)eel Sandstone, or Carboniferons 
Limestone, while in the drift-plain of the north glacial boul(ler~ 
are largoly used. l 

1 For ~pecial purposes, and for the more elaborate buildings, stOlle i~ 
ocea.sionally i.mported from the lllainhnd: \Vu()d; note,; (op. Clt., 1'.2~) that 
the uld Douglas Pier was built of stone from RUlIeol'll, lWcl }lonll Castle of 
sandstone from Arran. 

3194 N N 
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Manx Slate Series. 

From the large area which they occupy, the Manx Slates 
furnish by far the greater proportion of the ordinary building 
stone, but the quality is inferior. It was adequately described 
long ago by Bishc;p Wilson as a "broken rags tone sometimes 
rising in coarse uneven flags, or in irregular lumps," which" an 
English mason would not know how to handle, or would call 
their walls, as one merrily did, 'a causey reared up upon an 
edge.' "1 The material cannot be dressed, except very roughly, 
and is quarried in irregular slabs along whatever happens to be 
the dominant fracture-plane,-usually the bedding where the 
rock is somewhat arenaceous, and the shear-cleavage planes 
where it is argillaceous. The stone is best where the two 
structures are approximately parallel, but even then there is 
usually a cross-cleavage or close-jointing oblique to the dominant 
structure, which causes irregular acutely-angled edges to the 
blocks. All varieties of the slate-series are used, even including 
the crush-conglomerate (near Ramsey, p. 66), but the best stone 
is obtained from the Lonan and Niarbyl Flags and from some of 
the laminated passage-beds, while the quartz-veined grits are 
least in favour and are generally set aside for road-metal. In 
the north-western corner of the massif, north of Glen Wyllin 
and west of Glen Dhoo, and in a few c~her more limited tracts, 
Lhe rock breaks up into faggot-like pieces along the intersecting 
structural planes (p. 131) and is of little use. In most buildings 
of rough slate, brick or dressed stone is employed at the angles 
and aronnd doorways, windows, ,.te. On St. Michael's Island, 
Langness, the well-preserved walls of a fort built in 1650 contain 
many. b.lo?ks of a schistose gr.eenstone .dyke .which crops ant in 
the vlClmty (p. 181); and thIS stone, m spIte of the exposed 
situation, has withstood the weather remarkably well-even 
better than the accompanying slate, which is itself very enduring. 

A variety of the slate-rock which was formerly quarried, as 
described at p. 174, both on the crest and at the foot of Spanish 
Head was especially valued for its quality of raising in very tough 
and strong beams, somewhat flexible, and up to 15 or 16 feet 
in length, which were used for lintels, gate-posts, foot-bridges 
(p. 132), etc., and in Castle Rushen for flooring (p. 174). As pre
viously mentioned, Macculloch states that a beam of this 
mawYlal15 feet long and 2 inches thick was forced 5 inches out 
of the straight line before it broke. The top quarry seems to have 
been in working as late as 1858 4:see" Mineral Statistics" for 1858, 
pt. il., p. 269). The slate is of the banded argillaceous type, and 
its peculiar qualiLY seelJ1S to have arisen from the compression 
of the rock in the trough of a fold, with the resultanc inter
section of flattish bedding by steeply inclincd shear-cleavage. 
Under similar circmnstanccs, in a quarry on the steep slope 
between Ballaugh awl Gal> y Volley, beams of the same kind of 

1 Bishop T. 'Wilson's "Description of the Isle of Man (Camden's 
Britannia ecL, 1772), p. 392. 
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stone up to 24 feet in length have been raised, as described on 
p. 132; and probably these conditions might be likewise fo'.md 
m other places more accessible than Spanish Head. Though not 
at present worked, the material seems well fitted for various 
economic uses if it could he got at a reasonable cost. l 

The building-stone quarries in the Slate Series are usually 
small, being opened as occasion requires, near the place 
where the material is needed. At Douglas, however, there are 
large quarries (in the Lonan Flags) on the southern side of the 
harbour and near the northern extremity of the Bay (p. 153) ; and 
openings in the hill-side south of Ramsey have also attained a 
considerable size. From the quarries working under the 
Quarries Act and giving returns to the Horne Office, the out
put for 1897 (Mineral Statistics, p. 140) is stated to have been 
17,560 tons of the value of £1,056; in 1898 (ibid., p. 248), 
21,508 tons, value £1,282; in 1899 (ibid., p. 256), 19,005 tons, 
value £1,057; and in 1900, 13,524 tons, value £754. 

Peel Sandstone. 

This red sandstone, being the only' freestone' available in the 
Island, has been extensively quarried at Creg Malin and Balla
quane, north of Peel. The characters of the formation have 
been fully described in Chapter VI., p. 263. Only a small part 
furnishes building stone, the thin and irreg'ular bedding and the 
shaly and conglomeratic intercalations bemg detrimental in the 
greater portion, The stone is only moderately durable, as may be 
seen from the condition of part of the'ruins at Peel Castle on St. 
Patrick's Island, The output for 1897 (" Mineral Statistics," p. 
140) is given as 2,800 tons of the value of £166; for lR98, 1,240 
tons, value £76; for 1899, 1,827 tons, value £112; and for 1900, 
1,218 tons, yalue £101. 

Carboniferous Limestone. 

Besides affording the chief source of lime for the whole Island 
and being to some extent used for road-mending, the dark grey 
flaggv Lower or Castletown Limestone of the southern basin 
supplies the local building stone, both dressed and in the ro~g~. 
For the last-mentioned purpose, when carefully selected It IS 

structurally well adapted, though somewhat dingy in colour; the 
excellent state of preservation of Cn,stle Rushen n,t Castletown 
bears testimony to the durable quality of this stone. Thc prill
cipn,l quarries at present working arc tho:::e at Ballahot and 
Billown, three-quarters of a mile W. of Ballasalla (p. 206), and 
that near Scarlet on the W, side of Castletown Bay (p .. 203). 
The output given in "Mineral Statistics" for 1898 (p. 230) i 

I Berger (op. cit., p. :~7) and Macculloch (op. cit., p. [,:32) also mention 
among thc economic products of thc Island a "hone slate" oceurrillg "at a 
pLH'c callt'd :'Iolltpellicr." The httm ,mthor describes the ~t(JIW <1' "of a 
"'hitish ('olonr awl ",)I"t tl'xture hetter adal'te<1 1'<'1' the I'"li"hillg ,)1' metallic 
plates th,tll the u::;es of the ("utler. It ha" not bcen exported." This stolle 
is no ion;2;er in use, and I have failed to identify the locality referred to. 

319~ N N ~ 
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12,372 tons, value £2,813; for 1899 (ibid., p. 238), 9,272 tons, 
·mIue £881; and for 1900,9,315 tons, ,aIue £895. 

The so-called' black marble' of 'Pool\ash was obtained from 
the harder courses in the black Baggy and shaly "Posidonomya 
Beds" on the eastern shore of Poyll Vaaish, as described on p. 224, 
but is not at present worked. The best stone seems to have 
been found immediately underlying the ,olcanic ash, where, the 
rock has been indurated, probably by a slight over-thrust ot the 
Volcanic Series (p. 224). Among other uses, it was wrought 
into chimney-pieces, tombstones and steps. Being too soft to 
take a natural polish, it was co,ered ·with a kind of black varnish, 
~mcl in this way objects wrought out of it were "made to look 
not much inferior to the best Derbyshire black marble." I The 
tombstones made from it shm~ rapld weathering. The 
" steps of St. Paul's Cathedral in London," so often mentioned in 
Manx topographical literature as haying been supplied from this 
locality, seem to be no longer in existence (p. 220). The total 
extent of the' black marble' quarrying has not been great. 

Granite. 

In ~he district S. and S."\v. of the Foxuale Gramte, where 
glacially transported boulders of this rock are numerous, they 
haye been largely used in builcling, but have shown themselves 
sub.iect to yer!' nnequal weathering. A quarry was opened some 
years ago on the northern slope of the granite outcrop, but was 
not worked to any great extent; the operations have however 
08en recent h- resumed. The rock is ma;;sive and not too hard. 
but is som81\'hat liable to cl'llmble after exposure. The granite 
was fm'lllerl!' raised in 10llg' lwnms and shapecl into rollers for 
agricultural purposes, and it is worth mentioning that fra~ments 
()f these broken rollers may re,Hlih' be mistaken for boulders in 
parts of the island when there are' no true boulders of this rock. 

The Dhoon Granite, being llluch harder and closer in texture, 
has been quarried for road-mending and for making paving setts ; 
the latter industry was 1'eyiYc(l recently on an extensive scale for 
a short time, but has now again Bagged. The following note 
respecting the qualit!" of the granite is quoted from the Journal 
of the Isle of ~Ian ~at. Rist. and Antiq. Soc. for 1898 (Yn Lioar 
J[anninagh, vol. iii., pt. X., p. 48R). " The granite of the Dhoon 
has been tested for road setts and other purposes. The results 
nnder compression, such as percllssion and attrition tests, show 
that it is a most excellent stone for all road purposes, and most 
durable as a building stone. If basalt average 6 or 7'2, Dhoon 
is /'3: Aberdeen granite . . . . showing .. much .. below 
llhoon." 

Thl' OatLmd Uranitite is at present llsed only for road 
n.aterial, for which purpose it is extensively quarried. 

1 CUllIming, "Isle of .'Iran," p. 132. 
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Boulders. 
In the northern drift-plain the absence of solid rock has 

led to the extensive use of glacial boulders both for road
mending and building. For the latter purpose the chief rock 
is the abundant Crift'el Granite, the larger blocks of which are 
blasted into pieces ancl trimmed into shape; a good example 
of its use lllay be seen in Bride Church. Besides those found 
inland, large nUlllbers of boulders are ohtained from the shore, 
where they accumulate from the v,aste of the cliffs. Some 
have done duty over and oyer again in successive buildings, and 
the walls of old cottages in this tmct are often interesting to the 
glacialist from the medley which they exhibit; hut there is a 
striking rarity of limestone, this rock having been set aside for 
burning into lime. 

In parts of the Island where the drift contains only ocal 
blocks these are sometimes also put to economic use. 

Road Material. 
Though subject to a brisk stream of carriage and waggonette 

traffic in the Slllllmer- time, the Manx high-roads are not often 
called on to bcar heavy crushing loads, the ychicles used in 
agriculture being chiefly one- or two-horse carts and not heavy 
waggons. Consequently good results are obtained from stone 
of a quality unsuitable for more ponderous traffic, and a supplv 
is usually got without much difficulty from a local sourc~. 
Among the rocks thus laid under contribution are the quartz
veined grits and other hard beds of the Manx blate Series, the 
Carbonrferous Limestone, the Dhoon Granite and the Oatland 
Granitite. But the toughest and best material is furnished by 
some of the dykes, especially those of the' newer greenstone' type 
(p. 297), intrusive into the Manx Slates: the only drawback being 
that these are usually narrow and discontinuous, and sometimes 
spoilt by shearing. These dykes, locally known as 'pot-metal,' 
have been guarried on a small scale here and there all over the 
slate area (for details see Chap. IV.); and at Poortown, 1~ miles 
east of Peel, a coarsely porphyritic boss of diabase is extensively 
worked (see p. 156). As a general rule the dykes lettered [) and 
BD on the map are, where thick enough, suitable for road-melal 
unless deeply decomposed.; while ~h(lsl' Ipttered BG are llSlI,dly 
too much altered by slwarmg to afford durable lllaterial 

At Crosby a broad dyke of micrograllite or the Foxdale type 
furnishes much road-material of fiLiI' quality (p. IGH). Accessible 
exposures of this kind of dyke-rock also occur in the \Yest, 
Baldwin valley (p. 158); at the side of the road between Foxdale 
and Castletown (p. 167); and at other places showll on the map; 
but have not vet been tested. These elvans, like the older 
'greenstones,' ,~re, however, sometimes spoilt by the pl:cty 
structure developed by eal'th-movenwlIt. 

The dykes associated with the Dhoon Granite (pp. 144~(j) have 
not been quarried in the interior, as t,heir chief ontcrops are rather 
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inaccessible, but would prohlhl."- supply material as good or 
better than the Fnxc1,llp el \-;111S. The usc of the granite itself 
for paying setts has alre'l(l~- 1)t'en mention cd. 

Another (1Ykt'-l"ock ,,,hid) tl!CJug'h not hitherto tested would 
prohabl."- yiei(l tough amI clurahl~ stone, is the mica-diorite of 
Port l+rouclle (p. 152); this could bc eonyeniently excavated at 
its outcrop on the north side of Banks H0I7e; it occurs in a 
dist"ict where there is a comparatiye dearth of suitable stone. 

The olivine-llolerites eyen where not too small are usuallv too 
much decomposed to be seryiceahle. " 

Boulders and gntyel from the beach are made use of in 
many places ncar the coast, especially in the north of the 
Island where drift-material of this kind affords the only local 
supply. 

Lime. 

At present lime is prepared only in the Carboniferous Lime
stone tract of the south of the Island; but it was formerly 
burnt locally from a corns tone band in the Peel Sandstone 
near The St~ck (p. 275); and at many places, especially in .the 
north, from glacially-transport ell limestone boulders collected 
011 the shore, the ruins of 01(1 kilns which one finds in unlikely 
plRces hftVing generally been thus supplied. Berger, who 
quotes sta tistics showing that 1)4,002 barrels of lime had been 
sol(l from kilns ill the south -eastern part of the island between 
the years 1807 and 1811, mentions that the northern farmers 
prcf~rred the lime from the boulders to that from the southern 
limestone for manuring the land. The :Manx Slates are essen
tially non-calcareous, the only portion possessing more than a 
mere trace of lime being certain fine-grained bands in the 
Niarbyl Flags, which contain up to 4'4 per cent. (p. 36), and a 
few sparingly calcareous nodules in the Lonan Flags (p. 34). 
The ruins of the ancient chapel on St. Michael's Island, Langness, 
show a very enduring mortar prepared from burn t sea-shells. 

Brickearth. 

At the time of the Survey, brick-making Was being carried on 
only at three places in the Island-one in the N., on a very 
limited scale, at Regaby Beg (section described on p. 437); one in 
the W., in the valley of the N 8b at Peel (described on p. 457); and 
olle ill the E., at Highton, one mile W. of Douglas (p. 455). The 
m,lterial in the first is weathered red boulder-clay; in the second, 
dl'COlllPOsod slate; and in the third, mixed slaty drift. 

Disused brick-yards were noticed at \V cst Craig, near St. 
Jlldes (p. 437); at Ballacoal'ey, llmiles E.S.E. of An~lreas; near 
Rallakdly, 1 mile \V.N.\Y. of Andreas; at tho northern end of the 
Mooragh at HallIsey; and at Port Lewaigue, 1 mile S. of Ramsey 
(p. 44:3), all in red boul(ler-clay: at Ballawyllin, a mile W. of St. 
J OhllS, in similar material (p. 458); and in the valley of the Neb, 
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nearly a mile north of Sf Johns, in slaty till (p. 453). Except 
near the surface, where it has been thoroughly leached the red 
boulder-clay appears to contain too llluchL lii.l:e to make goorl 
bricks. The decomposed slate used at Peel fl.lrni~hes a dense 
hard brick of a dullish colour. The operations in the X eb 
valley N. of St. Johns proved a costly failure, but ". hether {rom 
the nature of the matenal or from want of care in bl~rlling is not 
apparent. 

In "Mineral Statistics" the Manx output of clay for brick for 
1895 is given as 6,793 tons, yalne £339; for 18~IG 6,000 tons, 
£275; for 1897, 8,914 tons, £360; for 1898, 10,100 tons. £±60; 
for 1899, 7,000 tons, £175 ; and for 1900, 8,000 tons, £500, 

Sand and Gravel. 

These materials are obtained frolll the glacial deposits of the 
extra-insular type (p. 335) on the flanks of the Island, where 
they are abundant, bnt are not found of seryiceable quality where 
the drifts are entirely of the local type, 
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CHAPTER XlV. 

AGRICULTURAL GEOLOGY AND WATER SUPPLY. 

Soils, etc. 

The glacial deposits are the chief factors in determining the 
character of the soil in the cultivated portions of the Island, as 
the principal tracts of solid rock occur on the mountains above 
the limits of cultivation. The northern plain, which constitutes 
the largest area of fertile land, exhibits the variability commonly 
found wherever drift has acc1lluulated thickly, ranging from stiff 
clay to light sand and grayel, with peaty patches in the hollows. 
In this case, howflyer, the boulder-clay rarely forms the stiffest 
soil, having a sllfficient admixture of sand to work into loam at 
the s1ll'face; and the beels of laminated clay belonging to the 
stratified part of the drift make the heavier land. The difficulty 
of'indicatmg the kind of soil under these conditions by the con
ventional methods of drift-mapping has been discussed in 
Chapter XI. (p. 430), where information will be found as to the 
localities where the map might seem misleading. The practice of 
, marling' the lighter tracts was at one time universal in this 
area, but is now practically abandoned except on the blowll
iJands along the southern edge of The Ayre. ,As already 
described, the' marl' usually consisted ofboulder.·clay or stratified 
glacial clay (p. 418), but occasionally of late-glacial or post
glacial fresh-water deposits (pp. 378-81); both contain some lime 
(pp. 464-5), but, as Cumming remarked, the benefit to the land was 
probably more on account of improved texture and general 
renovatlon than from this ingredient alone.1 Berger mentions 
that" 150 tons of marl are computed to be necessary for an acre 
ofland," but this was probably an extreme quantity; he adds 
that the cost of the operation was £6 per acre if the cartage did 
not exceed a mile, and that" the cost of liming, a practice chiefly 
used in the southern part of the isle, is nearly the same," 90 
bushels of lime to the acre being allowed.2 8eaweed is still 
extensively used for manure in parts adjacent to the coast, and 
in this way, as well as by 'marling,' many pebbles etc. have 
been artificially introduced into the soil,-a fact to be borne in 
mind by the glacial geologist. . 

Next ill importance to the northern plain as an agricultural 
tract is the southern lowland, overlying the Carboniferous rocks 

1 "Isle of Man," p. 306. 
2 Trans. oeol. Soc., vol. ii., p 55. 
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and extending beyond th. em up the gentle slopes of slate to 600 
feet or more above sea-level. The lower ground in this tract 
closely resembles that of the northern plain, excepting that sand
and-gravel soils are less prevalent and tend to be more loamy, 
and the boulder-clay soils are darker. tougher. and more 
calcareous. On the upland slopes the drift is mainly derived 
from the local slates and, though mapped as ' boulder-clay,' gives 
rise to soil which is not, as a rule, stiff, but usually a deep 
stony loam full of subanglllar fragments of slate, with patches 
of tb.inner rubbly soil where bosses of the solid rock approach 
the surface. This kind of land is predominant all over the 
hilly tracts wherever agriculture is attempted. 'Vhere the soil 
consists entirely of loose slaty debris, derived either from the 
subjacent decomposed rock-surface O!' from slaty drift of the 
gravelly type, it is termed by the Manx farmers" shilly " land; 
this produces better crops than its extremely stony apJ?earance 
would lead one to expect, especially of oats, turmps, and 
potatoes; but it loses moisture rapidly, and suffers in a dry 
season. The patches of cold wet clay-land, difficult to drain and 
difficult to cultivate, occurring on flats and depressions both on 
the uplands and at the foot of the hills,-the result of the rain
wash and weathering of the drift-have been described in a 
previous chapter (p. 453); such' Colby ,rash' soil has usually a 
dark grey colour instead of the rusty brown of the mellower 
slaty land, and is generally full of bits of vein-quartz which have 
remained unaltered while the slate fragments have decomposed 
into mud. 

On the eastern flank of the Island there is more or less culti
vation on the hill-slopes from end to end, but on the western side 
the cultivated strip extends only as far south as Dalby. In the 
interior, south of the central valley the greater part of the drift
covered area is or has been tilled, but among the hills north at 
that valley a much smaller proportion is cultivated, and the area 
devoted to upland sheep-walks is constantly increasing at the 
expense of tillage. Macculloch as long ago as 1819 pointed out 
that the cultivation of elevated ground had in some places 
extended" further than prudence would have dictated or profit 
will ultimately justify ";1 and his dictum has been fully borne out, 
the uplands being everywhere dotted with the ruins of deserted 
cottages and small farmsteads; the little fields snrrollmling them, 
once under the plough, ,lOW producing only rough pasturage. 
This diminution in the proportion of arable land, as marked in 
the Island as in Great Britain and Ireland, is illustrated in the 
following statistics.2 These figures also show to what an insigni
ficant percentage the growth of wheat has shrunk, the grain 

1 "'V estern IHleo," vol. ii., p. 519. 
2 From the allllua,! Parliamentary Blue books: "Agri..:nltural HeturHs." 

III the Hetnrn for 1899, the qualltity of ":\Iountain and Heath land used 
for gnl,zing" (not included ill the Table) io given aH ~:3,llO acreo, and 
" ,Voods and Plantations" as 826 a.~res. 
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crops now consisting almost .en~irely of oats and harley, with 
turnips and potatoes as the pnllclpal root crops.l 

\ ! CloYer Bud Total areal Green Per-manent 
Year. of La 'I} W,eat. Barley. Oats. Cro18. IGrasses uuder Pastnre. 

and \\ ater. I rotation. 

------------- 1-:::------
Acres. Acrc:s. Acres. Acres. Acres. Acres. 

1866 H5,325 8,07j 7,736 1l,010 12,~08 25,309 9,762 

1876 " 
6,181 7,210 12,32! 12,0!5 34,373 20,517 

1886 " 
1,128 9,256 13,~85 11859 42,026 19,948 

1896 145,011 809 7.452 13,789 11,263 38,009 22,904 

1899 " 
1,018 7,258 13,268 10,983 38,670 20,141 

Water Supply. 
The water supply of the Island is practically all obtained from 

the surface-streams or from shallow wells, there being no avail
able deep source. The slate-rocks are waterless, except for a 
slight percolation along the lodes (see description of mines, pp. 
532-3, etc.) and along joints near the surface in the quartz-veined 
grits; consequently there are scarcely any true rock-springs, 
though water oozes out abundantly from the base of the rubbly 
local drift and shaken rock on the hill-slopes and in the 
valleys. The Carboniferous Limestone of the south is too thinly 
bedded and intercalated with shale to afford a good supply, a.nd 
few wells have been sunk in it (pp. 207,471); some deep quarries 
in this rock "\V. of Ballasalla are unwatered by wind and 
steam power, the discharge being of good quality, and estimated 
to average about twenty-six milllOn gallons per annum2 

All the towns possess organised water-systems supplied from 
reservoirs near the heads of the streams, Douglas thus utilising the 
Glass and the Groudle Rivers; Castletown, the Silverburn ; Port St. 
Mary and Port Erin, the Colby River and a stream E. of Flesh
wick; Peel, a stream from the Slieau "\Vhuallian ridge and from 

1 Berger quotes (0.(>. cit., p. 32) the following figures from J. 0. Curwen's 
"Report of the AgrIcultural Society in the Isle of Man" (W orkington, 
1810) ;-

" Acres. 
100,400 of mountain. 
69,045 for grazing. 
30,158 in oats. 
15,079 under barley. 
14,761 under Elreen crops, 710 of which may be 

consIdered as potatoes. 
9,047 in wheat. 
7,270 in roads, rivers, houses. 

Total 245,760 acres." 
But as this total greatly exeeeds the actual acreage of the I~land, the table 
is not of much use for comparison. 

2 We are indebted to T. Moore, Esq., for this information. 
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Glen Rushen; and Ramsev, the head of Ballure Glen. The 
country dist.ricts depend either upon the streams or upon small 
shallow wells, often ,ery inadequately protected t\om contamina
tion; the latter, on the low ground, are generally III water-logged 
beds of drift llot tin below the surface; and in the hilly districts 
are usually little basins excavated in the slate in a position to 
catch the percolation between the solid rock and the overlying 
rubble or drift. The conditions of supply on The Ayrc and other 
parts of the northern plain have previously been discussed 
(pp. 285 & 417), and particulars ot a few wells in other dist,·icts 
are given in eha p. XI. 
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APPENDIX I. 

LIST OF MINERALS KNOWN TO OCCUR IN THE [SLE OF MAN. 

(The Lode~Minerals are mainly on the authority of Sir W. W. 
Smyth's ~ist, in Trans. Isle of Man Nat. Hist. and Antiq. 
Soc., vol. 1., pp. 143-147.) 

Name. 

Actinolite 

Albite 
Analcime 

Localities and Remarks. 

Lode· minera.ls. Rock.forming minerals. 

I
I As alteration-product in dyke

rocks (p. 308). 
I In some igneous rocks. 
I As decomposition-product in 

basalts. 
Anglesite Glenchass Mine (S)1 
Anthracite I Laxey .Mine (see p. 520)
Antimonite Niarbyl Mine, (p. 546) -
Apatite Ina vein near FoxdaleGranite In small crystals 1Il many 

igneous rocks. 
Atacamite 
Augite 
Barytes 

Biotite 

Calamine 
Calcite 

Cerussite 

(Kendall) 
North Bradda,old workings (s) 

Common in intrusive rocks. 
Foxdale; rare at Laxey (s); 

North Laxey 

Laxey (rare) (s) -
Comlllon ill lodes 

Glenchass, Hushen, 
Bradda Mines (s). 

Common in igneous rocks, and 
detrital in slates. 

- Chief constituent of limestones, 
and alteration-product in 
basic igneous rocks, etc. 

and 

Chalcanthite, Old workings, Laxey,Bradda (s) 
Chalcedony Cornelly Mine: as Agate in 

Chalco
pyrites 

Chalybite 
(Siderite) 

Chlorite 

Bulwark Lode, North As pebbles, in Peel Sandstone 
Bradda (s) and in Glacial deposits. 

Laxey : Foxdale (rare); Maug
hold Head; Langness (s), 
and other places 

Foxdttle, Cornelly, and other As decomposition-prodnct in 
mines some igneous rocks. 

Bradda and Rushen Mines (s), I Common as alteration-product. 
and common in qnartz veins 

Chloritoid - In altered elvan on Greeba. 
(Ottrelite) Mountain (p. 318) and prob

ably in other altered rocks. 
Cuprite 
Dialogite 
Dolomite 

Bradda ~\1ine (s) 
Snaefell Mine (s) 
Common in lodes - In Carboniferous Limestone 

and sparingly in decomposed 
basic rocks. 

I Localities marked (s) are from Sir W. 'V. Smyth's list. 



Name. 

Epidote 

Fahlerz 
(see Tetra-

hedrite) 
Felspar (see 
Orthoclase, I 
Plagioclase, , 
etc.) 

Fluor-spar 
Galena 

Garnet 

Gold! 
Graphite 

Gypsum 

Hematite 
Hornhlende 

Ilmenite 
lron·pyrites 
Kupfer-

nickel 
Labradorite 
Lcucoxene 
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Localities and Remarks. 

Lode-minerals. 

Old Foxdale (8) 
In many lodes: more or less 

argentiferous 

Rock-forming minerals. 

I 

I Common as alteration-product 
especially in basic dykes 

As alteration product; and 
detrital in grits. 

see p. 549 I -
Snaefell Lode (impure) (s)~ Graphitic slate in several local-

Beary (p. 550). itie~ : see p. 134. 
Many veins in Triassic and 

Carboniferous rocks in deep 
borings on The Ayre. 

)laughold ':\lines 
Cornelly lode (8) - Common in intrusive 

(see p. 301). 

Common in lodes 
Glenchass (s) -

Common in many rockf'. 
Common in many rocks. 

rocks 

I In basic igneous rocks. 
As decomposition-product in 

igneous and metamorphic 
rocks. 

Limonite Maughold Mines (s) 
}lagneti te 
}lalachite Bradda Lode (8) 
Malacolite 

Manganese
spar (see 
Dialogite) 

Marcasite Laxey, Bradda (s), etc. -
~lelaconite \ Laxey and Bradda ~fines (s) -
Melanteri.te Old workings, Laxey, etc. (8). 
Mica (Ree 
~fuscovite, 
Biotite,etc.) 

1\Iicrocline 

Millerite Trial-shaft at Hhenas (R) 

Common in igneous rocks. 

Variety of augite common in 
basic dykes (p. 301). 

In Dhoon Granite elvan.1 and 
in granite at Cornelly ':\fine. 

Molyhdenit~ On joints in Dhoon Granite 
M.uscovite I In Illany quartz veins (p. 3:W) CO!lllllOn rock-constitucnt. 
NIckel-ores I 

(see Kup
fernickel 
and Mill-
erite) 

Ochre RusheTl and Bmdda (8) -

\ 

-\ 
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------~---------------------------------------------------

Loca.lities and Remarks. 

Name. 

r ,ode· minerals . Rock.forming minerals. 

-~~--I- -
Oligoclase 
Olivine 
Opal 

Orthoclase 
Picotite 
Plmnbago 

(see Gra
phitt-) 

Plumosite 
Pyri tes (see 

Iron - pyr-
ites and 
Chaleopyr
ites 

Pyrolusite 

Pyromor-

Var. semi -opal; Cornelly Mine 
(s) 

Foxdale Mine (p. 503) 

Upper part of several lead
veins (s) 

Rushen and Laxey Mines (8)-

Snaefell; Laxc,y (rare) (s) 

I Common .in some igneous rocks. 
In basaltw dykes. 

Common in igneous rocks. 
In Carboniferous diabase 

(Hobson). 

phite 
Pyrrhotite 
(Pyrrhotine) 
Quartz Chief constituent of veins III Common rock-constituent. 

slates 
Riebeckite 

Rutile 

Sericite 

Serpentine 

Silver·ore 
(see Fah- '\ 

lerz and 
PIumosite) 

SplF'ne 

Staurolite 

Steatite I Foxdale and Laxey :\Iines (s) 
Stibnite (see ' 
Antimor.ite) 
Tetrahedrite Foxdale Mines (cl) -
Tourmaline In quartz-veins near granite 

(see p, 1.(3). 

Trelllolite 

Umlite 

Zinc l)lcnde In lIlany lodes 
(Sphalerite) 
Zircon 

Zoisitc 

In Ailsa Craig boulders in the 
drift. 

Common in altered slates and 
in some igneous tacks. 

Common as alteration-product 
in sheared rocks. 

As decomposition - product 
after Olivine. 

As alteration- product in ig
neous and metamorphic rocks. 

As alteration-product at mar
gin of Dhoon granite j rare. 
(G. Barrow.) 

Common as alteration-product 
in igneou~ and rnetalllorpllic 
rocks, etc. 

Alteration-product 1U some 
dykes. 

Variety of hornblende, common 
in basic dykes (ReB p. 301). 

SmalJ grains ill grits j also in 
ignBous rocks. 

As alteration-product in ig
neous rocks. 
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APPENDIX U. 

SOME PUBLISHED AXALYSES OF MANX ROCKS. 

An'llYses from Dickson and Holland's paper :-on "An Examination of 
l:iome \~olcanic Rock~ of the Isle of Man," in Proc. Liverpool Geol. Soc., 
vol. vi. (18'<9), pp. 1:26-129. 

Sp,"~imen showing junction of micrograllite dyke at Crosby with the 
Rl«tes. 

" Analysis of ElYanite portion of specimen." 
"Sp. Grav. 2'72.1 

~iO? 
A1 20:l 

1"e20:1 

~lnO 
CaO 
MgO 
K.,O 
NazO 
Coml,ined water -

74'39 
15'[)[i 

1'3;) 
0'22 
O··til 
0'33 
2'14 
3'78 
1'11' 

"Analysis of the slaty portion of the rock at the )Joint of junction 

Si02 

A120 3 

Fez0 3 
FeO 
MnO 
TiOz 
CaO 
~Ig() 

Kl) 
NazO 
Combined water 

49'03 
24'8a 

3'08 
5'57 
0'26 
1'09 
l"f1O 
2'68 
,,'on 
;l'9fi 
2',,7 

" Not enough of the ~pecilllcn remained 10 enaLle a ~ati~f,l( Iflry l' ,tillla
tioll of the carbonaceous matter to be made. 1'/}" wa~ deteeted in this 
specimen, but waR not estimated, aH a],;o S. 

"Thinking it would be intere~tillg to have a Hl'eeilllen of the unaltered 
,;late rock examined chemically so as to compare it "ith the rock ncar the 
point of junction, a specimen was kindl~' ,Cllt by Dr. TrUet of Ramsey, 
from ~ulh~', a pl,[e(' ,tl'(lut ;) miles from Crosby." 

1 Mr. Hohsoll st<ltef'. that the HI'. grav. of this rock is ~'62 (Quart .. Journ. 
Geol. Soc., vol. xlvii., p. 430). 
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" Analysis of unaltered Silurian from near Sulby, 
" Sp, Grav, 2'79, 

SiO., 
Al~l\ 
Fe203 
FeO 
"JInO 
TiO~ 
CaO 
~IgO 

~205 
KzO 
NazO 
Combined water -

" Carbonaceous matter approximately 0'5 per cent, 

57'25 
21'51 

1'30 
5'71 
0'48 
0'94 
0'61 
1'92 
0'13 
0'22 
3'75 
1'32 
4'32 

99'46 

" It seems remarkable that there should be 8 per cent, more silica In the 
unaltered than ill the altered rock," 1 

"Specimen [' altered basalt'] from sUlllmit of Scarlet Stack, 
"Sp, Gray, 2'622 

Si02 
A120 3 

Fe20 3 
FeO 
.MnO 
TiO, 
CaO 
MgO 
K"O 
NazO 
CO2 

Combined water- -

46'70 
13'74 

5'43 
9'88 

a trace 
1'94 
3'95 
6'24 
1'36 
3'48 
1'68 
5'88 

100'26 

"Specimen of gabhro from the most westerly quarry at Roekmount. 
"Sp, Gray, 2'26 J 

SiO~ 
Alz0 3 
Fe20 3 -

FeO 
MnO 
TiOz 
CaO 
MgO 
K 20 
NazO -
CO2 

PzO, 
Combined water -

47'13 
8'48 
6'15 
5'54 
0'64 
0'58 

11'34 
13'61 
0'22 
1'28 
0'47 
0'32 
3'90 

99'66 

1 As the specimens were from widely separated localities, the disparity 
commented on may only indicate that the Sulby rock was originally more 
sandy than the other, [G, W, L,] 

2 ~lr, B. Hobson re-determined the sp, gray, and found it to be 2'76, 
(Quart, Journ, Geo1. Soc" yol. xlvii" p, 441.) 

:l Sp, gray, corrected by Mr. B, Hobson to 2'76, 
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" Carboniferous shale from a deep boring [Knock-e-Dooney] III the 1&]01 
of Man," by W, Maynard Hutchings (in" Clays, Shale~ and Slates"; Geo1. 
Mag" July, 1896, dec, iv" vol. iii" p, 309),1 

Silica -
Alumina 
Ferric Oxide 
Lime 
~Iagnesia 
Potash 
Soda 
Carbon dioxide 
'Vater and organic matter 

58'7.5 
19'1.5 
3'90 
1'15 
1'95 
3'48 
1'54 
1'36 
8'87 

100'15 

1 The specimen analysed by Mr, Hutchings was from a depth of 805 fect 
in the above boring, 

7168. 0 () 
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INDEX. 

Abbey Lands, 542. 
Abbey Lands ~Iine, 542. 
Jiccident in Snaefell Mine, :;27 

, (note). 
Agate, 531, 572. 
Age of metalliferous lodes, 488-491. 
Agneash Grits, in relation to mine8, 

491, 492, 527. 
Agricultural Geology, 568-569. 
Agricultural Statistics, 570, 
Ailsa Craig rock (see Boulders). 
Aldrick, 532. 
Analyses, microgranite, 5/5; slate, 

575, 576; diabase, 576; carbon
iferous shale, 577. 

Ansted, Prof., 501. 
Anthracite in Laxey lode, 520, 5.50, 

558, 572. 
Anticline, structural, in deep mine, 

522. 
Antimony, 480, 502, 504, 5-16, 572. 
Archallagan, 516. 
Arche8, Tile, Langne8", Da9. 
Asbestos (see Dun Earth). 
Ashe, Mr., 547. 
Athol Bridge, 48'±, 555. 
Athol, Duke of, 483-484, 558. 
A whallan, 560. 
Ayre, The, 568, 571. 

Baldroma Mine, 556. 
Baldwin, 543. 
Baldwin Mine, 543, 
Ballacoarey, 566. 
Ballacorkish Mines, 483, 484, 487, 

488, 493, 505; description of 
workings, 532-535; dolerite dykes 
in, 533-535; statistics, 533; 
"slides," 535, 538, 555. 

Ballacorris, 553. 
Ballacosnahan, 552. 
Balladoole, 537. 
Ballagawne, 560. 
Ballageay, 560. 
Ballaglass Mine, 542. 
Ballagorra, 540, 541, 552. 
Ballahot, 563. 
Ballajora Iron Mine, 540. 
Ballakelly (Andreas) 566. 

Ballamoar (St. John's), 561. 
Ballamodha, ;)18. 
Ballanicholas, 518. 
Ballanicholas Mine, 518. 
Ballaoates, 5;)2. 
Ballaquane, 563. 
Ballasaig, 5Jl, ;)52. 

! Ballasalla, 555, 5'-'8. 
I, Ballasalla Umber 'V orks, 555, 556. 

Ballasherlocke, 533. 
Ballasherlocke ilfine (.~ee Bellabbey 

)Iine). 
Ballaskeg .:yEne, 542. 
Ballawyllin, [,43, 566. 
Balleigheragh, 545. 
Ballig, 560. 
Ballingan, 553. 
Ballure Glen, 560, 571. 
Banks Howe, 566. 
Barkell, R., 531, 533, 535, 536. 
Barony Mine, 543. 
Barroo Ned, 553. 
Barrow, G., 574. 
Barrule Slates, in relation to mines 

and quarries, 491, 492, 505, 527, 
557, 560, flG1. 

Barrule Slate Quarries, 553. 
BaTytes, 486, 511, 516, 520, 525, 546, 

548,572. 
Bawden, Mr., 546. 
Bay Fine, 484, 532. 
Real feayn ny Geay, 553. 
Beary, 550, 573. 
Becker, G. F., 491. 
Beckwith's Mine, 487, 492, 501, 5U2, 

504-8. 
Beckwith, W., 504. 
Bellabbey, 535. 
Bellabbey Mine, 535. 
Berger, Dr. J. F., 482, 500, 510, 519, 

529, 558, 560, 563, 566, 568, 570. 
Billown, 556, 5tl3. 
Billy Gilbert's Harbour, 544. 
Birds, J. A., 590. , 
Bishops Barony Mine (see Ellerslie 

Mine). 
, Black Marble,' 564. 
Blende, curious variety of, 517 (see 

also ;t,inc-ores). 
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Block Eary, 527. 
Block Eary Trials, 527. 
Blown Sand, 568. 
Borings, near St. Jude's, i)[,9; 
Banasall~ 559 j (see also 'Deep 
Borings'). 

Buulders, Glacial: 
Ailsa Craig rock, 574 ; 
Galloway Granite, 565 ; 
as building stone, 564-565 j 
for lime, 566. 

:Boundary Faults of Peel Sandstones, 
513. 

Bradda Head, 482, 537 j aspect of 
lode in, 529-530. 

Bradda Hill, 554. 
Bradda Mines, 480, 481, 483, 484, 

487, 488, 492, 533, 538, 555; 
description, 529-532 ; history, 529 ; 
minerals in, 531, 572-574 ; dolerite 
dyke in, 530 j statistics, 530. 

Bradda West, 537, 554. 
Brecciated veins, 486, 509, 510, 517. 
Brickyards, 566-567. 
Building Stone, 561-565; Manx 

Slates, 562-563; Peel Sandstone, 
563; Carboniferous Limestone, 
56:l; Granite, 564; Boulders, 565. 

Bulgham Bay, 552, 560. 

Cacholong, 518. 
Calf of Man, metalliferous ores, 481, 

482. 
Calf Sound, 484, 532. 
Carbonic acid gas in mines, 502-3, 

518. 
Carboniferous- Basement Conglo

-merate, metalliferous veins in, 
488, 538-539. 

Carboniferous Basin, water Rupply 
from, 570. 

Carboniferous shale from boring, 
analysis of, 577. 

Carboniferous Volcanic Rocks, 
analysis of, 576. 

Carn Geljoil, 553. 
Carrick Nay, 532. 
Cartwright's Glen, 544. 
Cass Strooan, 552. 
Castle Rushen, 562, 5fl3. 
Castletown, 488, 563. 
Castletown Bay, 538. 
Castletown Harbour Vein, 489, 537. 
Central Foxdale Mine (see East 

Foxdale ilEne). 
CerussIte, 511, 531, 533, 572 
Chalcedony, 517, 529, 572. 
Chaloner, J., 481, 529. 
Uhalybite, 493, 1>11, 519, 520, !);~9, 

541,572. 
Chlorite, 531, 533, 572, 
Cbloritoid, 572, 

Clay-s3am (douk lode) in granite, 
510. 

Cluggid, The, 5liO. 
Coal-trials (see Search for Coal). 
Colby, 532-533, 535, 536. 
Colby River, 533, 553, 570. 
'Colby Wash,' 569. 
Collooway, 536. 
Concealed strata (see Deep Borings). 
Contact of slate and granite, in 

mines, 509-12, 517-8. 
Cooillingill, 518. 
Copper ores, 480, 482, 486, 488, 493, 

495-8,511,519-24, 526,527,529-31, 
533, 535, 537-9, 541, 548. 

Coppery fringe to ore bodies, 493, 
520. 

Corlett, J., 525. 
Cornah valley, 524-526, 542, 551. 
Cornelly ~fine, 48U, 492, 501, 503, 

516-518, 572-574. 
Corrany, 542, 551. 
'Country' rock of lodes, 491-2, 505 

519, 522, 527. 
Craig, 359. 
Craine Bros., 5.59. 
Creg Harlot, 530. 
Creg Malin, 563. 
Creg y Whulliam, 553. 
Cronkbane, 547. 
Cronk Fedjag, 553, 556, 560. 
Cronk ny Arrey Lhaa, 553. 
Cronck Vane Mine (see Cross's ~fine). 
Crosby, 565. 
Crosby elvan, 565, 575. 
Cross's Mine, 501, 505-6-8. 
Cumming Collection, gold in, 549. 
Cumming, Rev. J. G., on mines, 480, 

485, 491, 501, 508, 516, 519, 529, 
537 5JO 550 559 560 56J' on 
soil~, 568. ' , , , 

Cur wen, J. U., 5;"';8, 570. 
Custom, Manx, respecting quarry

ing, 560. 

Dalby, M8, 553, 569. 
Dalby }Itn., 505. 
Darragh Mine (see Ellerslie Mine). 
Dawkins, l'rof. W. Boyd, 50:~. 
Decomposed granite, in Foxdale 

mine, 509. 
Deep Borings on The Ayre, 5:39. 
Derby Uastle (Douglas), 5-18. 
Derby Haven, reported discovery of 

coal at, 558. 
Dhoon Bay, 529. 
Dhoon Glen, 528, 552. 
Dhoon Granite, 492, 1\21, 52:3, 529, 

550,556, 56-1, 565, 572, 574. 
Dhoon Granite elvans, 492, 521, 

566; in mines, 521 ; minerals in, 
573. 

Dhoon Mine, 523, 528. 
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Dhyrnane, 539, 540, 556. 
Dickson, E., and P. Holland, 575-

576. 
Direction of lodes, 487. 
Discovery of Beckwith's vein, 504. 
Dixon's Mine, 506-508. 
Dolomite (in lodes), 520, 526, 528, 

548,572. 
Dolomitized limestone, weathered 

to umber, 555. 
Douglas, 563; Free Library, 504, 

519; water-supply of, 570. 
Douglas Bay, 548, 549. 
Douglas IHead, 544, 554. 
Douglas Head :'IIine, 544. 
Dreem-Iang, 515. 
Dumbell's Shaft, Laxey Mine, 519, 

52l. 
, Dun-earth,' 556. 
Drynane Iron ~Iine, 540 (see also 

Dh:rrnane). 
Dyrnane (.see Dhyrnane). 

Eairy, 504, 513, 514, 515. 
Earth-movements, lodes later than, 

488. 
East-and-west lodes, 487, 505, 521, 

5:35, 541. 
East Baldwin, 543. 
East Baldwin :'IIine (see Ohio Mine). 
East Foxdale :'IEne, 489, 513-516, 

533. 
East Laxey :'IIine, 526. 
East Snaefell Mine, 526. 
Efforts, early, to encourage mining, 

481-48:1. 
Ellan Vannin :'Ifine, 544. 
Ellerslie, 553. 
Ellerslie :'IIine, 485, 487, 516. 
Elvans (see' Dhoon granite elvans 

and' Foxdale granite elvans '). 

F1tggot-fracture, 562. 
Fahlerz (see Tetrahedrite). 
F1tlcon Cliff :Mi)le, 535, 536. 
Farragher's :'IIine, 543. 
Faults (see Lode - fissures and 

'Slide~ '). 
Federerz (see Plumosite). 
Felspars decomposed, effect of, 509 ; 

as rock-forming minerals (list), 
572-574. 

Feltham, J., 483, 500, 519, 529. 
Fibrous actinoLte, 556. 
Fibrous slate, quarries in, 562. 
Fiddler's Green, 554. 
Fissure-veins, 466, 492, 540. 
Flags and banded slates (see' Lonan 

Flags' and' Niarbyl Flags '). 
Flappy Vcin, 500, 507, 510. 
Fleshwick, 536, 537. 
Flexible slate, 562. 
Fort Anne, 544. 

Forbes, D., 501, 549. 
Forbes, Prof. E., 558. 
Foster, Dr. C. Le Neve, 503, 527. 
Foxdale, 500-545, 552. 
Foxdale Elvans, in mine:;, 510, 512, 

516-518. 
Foxdale Granite, 492, 505-512,-549, 

557, 564, 572. 
Foxdale lode, 483, 486, 500-504, 546, 

518. 
Foxdale lIIines, 483, 484, 491, 4&3; 

description of, 500-516; history 
of, 500 ; statistics, 512; minerals, 
5.2-5.4. . 

Foxdale River, 500. 
Frecheville, R. .T., 555. 
Fuller 's-earth, 556. 

Galena, iridescent, 517-518, 573 (see 
((bo Lead-ores). 

Galloway Granite boulders (.see 
Boulders, Glacial). 

Garey :'IIooar, 553, 556. 
Garnet, 573. 
Garth, 515. 
Garth Trial, 515-6. 
Garwick, 553. 
Ghaw Dhoo, 554. 
Glacial deposits, agricultural charac-

ters of, 568-569. 
Glass River, 543, 546, 570. 
Ghuch (mining), 502. 
Glebe Mine, :'Ilaughold, 540. 
Glenaspet, 552, 560. 
Glen Auldyn, 544, 545, 551, 560, 561. 
Glen AuldYIl Mines, 489, 545. 
Glenchass ~jjne, 484, 536-53., 572, 

573. 
Glencherry Mine, !)25. 
Glen Crammag, 545. 
Glen Crammag Trial, 545. 
Glen (Glion) Darragh (Ballacurey), 

516. 
Glenfaba Trial, 545. 
Glenfoss Level, 528. 
Glen Gawne, 553. 
Glen Helen, 547, 550,560. 
Glen Meay, 545, 552, 560. 
Glen Meay Mine, M5. 
Glen Roy, 52~, 553. 
Glen Roy Mine, 528. 
Glen Rushen, 501, 504, 546, 553, 560-

561, 571. 
Glen Rushen and Niarbyl Trials,546 
Glen Shoggle, f\51. 
Glen Wyllin, 556. 
Glion Cam (Arbory), 553. 
Glion Cannell, 547. 
Glion Kiark, 551, 560. 
Glion Maarliagh, 553. 
Glion Ruy, 523. 
Gob Ago, 549. 
Gob ny Gameren, 553, 
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Gob ny Garvain, ' Iron Mine' near, 
541,552. -

Gob ny Strona, 548. 
Gob y Volley, 562. 
Gold, 480, 502,548.549-550,573. 
Gold trials, 548, 549-550. 
Goodchild, J. G., 489-490. 
Gordon, 1:>52.' 
Granites, effect of, on lodes, 492 ; in 

Cornell)- Mine, 517-518; in Fox
dale Mines, 502-511; doubtful 
occurrence in East l<'oxdale Mine, 
515 (see also' Foxdale Granite,' 

, Dhoon Granite, , , Oatland 
Granitite, , and ' Boulders, 
Glacial.') 

Granite Mountain, 500, 553. 
Graphite, 526, 548, 550, 575. 
Great East Foxdale Mine (see Ellers

lie Mine). 
Great Mona Mine (see Ballaglass 

Mine). 
Greeba Mountain, 560, 572. 
Greenstone dykes, crushing of (see 

Schistose Greenstones); analyses 
of, 576; in mines, 521, 527, 
528, 536, 542; as road-metal, 565. 

Groudle River, 570. 
Gypsum, 573, 578. 

Hade of lodes, 486. 
Hematite (veins), 539-541, 573 ; sug-

gesting Triassic overlap, 493, 539. 
Henslow, Rev. J. S., 556. 
Heywood, P. J., 483. 
Highton,566. 
Hobson, B., 574, 575-576. 
Hodgson's, Faragher's or Louisa 

Mine, 513. 
Holland P. (see Dickson & Holland). 
Hone-slate, 563 (note). 
Hornblende (in lode), 517, 573. 
Hutchings, W. M., 577. 

Imported Building-stone, 561 (note). 
Injebreck Mine, 546. 
Iron ores, 480, 482, 484, 486, 493, 

496-498, 539-541. 
Iron-pyrites (at Bradda), 529, 573. 
Iron Spout Mine, 536. 
Isle of Man, search for coal in, 

557-559; mineral wealth, 480-498 ; 
mines, 499-554; gold in, 549; 
agriculture in, 568 ; water-supply, 
570; list of minerals, 572-574. 

Isle of Man Antimony Mining 
Co., 546. 

Isle of Man Coal Co., Ltd., 559. 

Kendall, P. F., 572. 
Kerroomoar, 546. 
Kerroomooar Mine, 489, 546. 
Kerrowgarroo,557, 

Kewley, .J., 527, 531. 
Killip, Mr., 520. 
King WIlliam's CJllege, Museum of 

549. 
Kirk )Iicha.el Ljad Mine, 547. 
Kitto, F., 532. 
Kitto, J., -505, 509, 520, 5i9. 
Kitto, W. H., 503, 509, 517, 518. 
Knott, M., 500, 501, 560. 
Kupfer-nickel, 536, 573. 

Lag River, 5i8. 
Lambfell Mooar, 547, 552. 
L'tngness, 4'18, 5:38, 539, 5!9, 55-10. 
L;tngness Mine3, 48R, 53!, 537-53}, 

572. 
Langness Point, 539. 
Laurel Bank, 547. 
L3,urel Bank and Wheal l\fich;tel, 

547. 
Laxey, 519-523. 
Laxey Bay, 553. 
Laxey Glen, 519, 523, 527,528,552. 
Luey Lode, 483, 486, 519-523, 5H. 
Laxey Mines, references to, 483, 484, 

487,491-494,503,505; general de
SCrIption, 519-524 j history, 519; 
minerals, 520, 572-574 ; age, 521 ; 
dykes, 521; slides, 521; country 
rock, 522 ; statistics, 523. 

Laxey River, 526, 527. 
Lead ores, 480, 482, 486, 488, 493-

498, 517, 500-549. 
Lead-veins in Manx Slates, 491, 

500-548 ; in granite, 491, 502-503, 
509-512. 

Lean, Capt., 509. 
Lhoob ny Charran, 537. 
Lime (as economic product), 566_ 
Lindgren, W., 491. 
List of described mines, 499; of 

minerals, 572-574; of undescribed 
mines and trials, 551-554. 

Little Sulby River, 542. 
'Lochs' (mining), 486 (see also 

Vughs). 
Load-fis;ure:;, general description of, 

486 ; direction, 487 ; age of, 48S-
491 ; country-rock of, 491 ; richest 
in firm rocks, 492; assf)ciatbn of 
ore" in, 493; details of, 500-554. 

Lode-minerals, list of, 572-574. 
Lonan Flags, anthracite in, 520; in 

relation to mining, 492, 519, 522, 
544, 560; as building stone, 562-
563. 

Lower (or Castletown) Limestone, 
as a building stone, etc., 563-564 
565,566. 

Macculloch, Dr. J., 484, 500, 519, 
530, 532, 536, 555, 558, 562, 5tJ3 
569. 
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Magee's Vein, 491, 501, 507, 510, 
512. 

Magher-e-breck, 54l. 
. Malachite, 531, 573. 
~falew, 555. 
::\Ianganese, 50l. 
Manganese Spar, 526, 573. 
Manx Silver-lead Mining Co., 544. 
Manx Slates, as a building-stone, 

562;. as road-metal, 565; agri
cultural characters, 569 (see also 
'Barrule Slates,' 'Lonan Flags,' 
and' Niarbyl Flags '). 

Marling, agricultural, 568. 
Maughold Head, 482, 539, 540, 548, 

556, 560. 
~faughold Head Copper Mine, 485, 

548. 
11aughold Head Iron Mines, 540. 
~faughold Hematite lodes, 481, 484, 

485, 488, 489, 493, 539-541, 572. 
~Ielaconitt>, 520,531, 573. 
Melanterite, 520, 573. 
Metalliferous Veins, 480-51\4; his

torical, 480-485: general charac
ters, 486; direction of lodes, 
486-488; country rock, 491, 522 ; 
age of lodes, 488-491, 521, 533; 
relation to dolerite dykes, 488-
491, 513-515, 530; association of 
ores, 493, 520; details of mines, 
499-554. 

Micro-granite dykes (see • Dhoon 
Elvans' and' Foxdale Elvan~'). 

Millerite, 536, 547, 573. 
Minerals, Manx, List of, 572-5,4 
Mineral Statistics (Isle of ~Ian), 

493-498; Foxdale Mines, 512; 
East Foxdale, 515; LaXQY, 523; 
North Laxey, 525 ; Snaefell, 527 ; 
Glen Roy, 528; Bradda, 530; 
Ballacorklsh, 53:1; Bellabbey, 536; 
Langne,s, 538; Ballaglas~, 542; 
Ohio, 544; Kirk Michael, 547; 
Umber, 555 ; Salt, 559; Building
stone, ;")62 - 564 ; Brick - clays, 
567. 

~Iines, Maux, early references to, 
481 ; history of, 480-485; Foxdale 
group,499, 500-518; Laxey group, 
499 51&-529' Southern group 
499; 529-539; 'Northern Hematit~ 
[roup, 499-541; ~fiscellaneous 
Trials, 499-554. 

Mines Royal, grant of, 483. 
:\Iolybdenite, 550, 573. 
~Iontpellier, 563. 
Montpellier Mine, 548. 
~Iooragh, The, 566. 
~IoOl'e, A. W., on mineR, 481, 482, 

500,519. 
Moore T., 570. 
)fount Dalby Mining Co., 548, 572. 

Nascoin,551. 
Native copper, 531. 
Neb valley, 566-567. 
New Foxdale }fine, 515 . 
Niarbyl Bay, 546. 
Niarbyl Flags, lime in, 566; slate 

quarries in, 560-561 ; as building 
stone, 562. 

Niarbyl Mine (see Glen Rushen 
and Niarbyl). 

Nickel, 480, 536, 547, 573. 
North-and-south lodes, 487, 505, 

513, 521, 535, 541, 544. 
Northern Mine lsee Ramsey or 

Northern Mine). 
North Foxdale Mine (see Glen Meay 

~Iine). . 
North Gill Lode, 505-6. 
North Laxey Mine, 491-493, 524-525 
North-of-England lead-veins, age of 

490. 
Nova Scotia (mines in), 488. 

Oatland Granitite, 564, 565. 
Ochre (see Umber). 
Ohio Mine, 543. 
Old Foxdale Mine, 500, 502, 503 

509-513. 
Olivine-dolerite dykes, in relation to 

mining, 488--491,514-515,530, 538, 
541,545,546,556. 

Onchan Harbour, 553. 
Onchan (Douglas Bay) Mine, 548. 
Ore in a 'slide,' 522. 
Ores, Metalliferous, 486--498; associ

ation of, in lodes, 493 (see also 
'Lead-ores,' 'Iron-ores.' ' Zinc
ores '). 

Park Lewellyn, 551. 
Peat, 559. 
Pebbles artificially carried, 568. 
Peel, 558, 563, 566, 571. 
Peel Castle, 563. 
Peel Hill, 560, 561. 
Peel Sandstones, as a building-stone 

563. 
Pen y Phot or Sulby River Mine, 

548. 
Permian rocks in deep borings, 580-

584. 
Perwick Bay, 536. 
Phillips, J. A., 503. 
Pirsson, L. V., 491. 
, Plans of abandoned Mines' (Home 

Office), 528. 
Plumbago, 550 (see also Graphite). 
Plumosite, 489, 502-504, 510. 
Point of Ayre Borings, 559. 
Polytelite, 501-502, 510. 
Poortown Diabase, 565; analysi~ 

of, 576. . 
Poolvf\sb, 564. 
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Port Bravag, 539. 
Port Cornah, 542, 543. 
Port Erin, 484, 532, mo. 
Port e Myllin, 549, 560. 
Port e Vuyllin (see Port e :\Iyllin). 
Port Groudle, mica-diorite at, 566. 
Port Jack, 554. 
Port Lewaigue, 55l. 
Port Mooar, 540. 
Port St. Mary, 570. 
Posidonomya Beds, 'black marble' 

quarried in, 564. 
Post-Carboniferous dykes (,~ee 

Olivine-dolerite Dykes). 
, Pot-metal,' 565. 
Poyll Vaaish (see Poolvash). 
Profitable mines, 486, 493. 
Purington, C. W .. 49l. 
Pyrrhotine, 520, 526, 539, 574. 
Pyromorphite, 520, 533, 574. 

Quarries for roofing-slate, 360-361 ; 
for fibrous slate, .562-563; for 
building-stone, 562-564; in quartz 
veins, 567; for road-metal, 565-
566; for limestone, 563-564, 566; 
for' black marble,' 564; for sand
stone, 563; for granite. 564. 

Quartz-veins, 488; quarries in, 557. 
Queensland, mines in, 488. 

Raggatt, 545. 
Ramsey, 559, 560, 562, 563, 566, 57l. 
Ramsey, or Northern Mine, 549. 
Reduction in cultivated area, 569. 
Regaby Beg, 566. 
Relation of lodes to olivine-dolerite 

dykes, 488-491, 514-515, 530, 533-
534, 538, 541, 545: of lodes to 
structural axis of slates, 481', 522, 
530. 

Rheboeg, 554. 
Rhenas, 536, 547, 573. 
Rhennie Laxey Mine (see Dhoon 

Mine). 
Road-metal, good material for, 565-

567. 
Rock-forming minerals, list of, 572-

574. 
Ronaldsway, 555. 
Roofing Slate, 559-561 (see (tiso 

, Quarries'). 
Rotten-stone, 556. 
Rowe, W. H., 485, 522, 525-526, 529, 

531, 537, 540, 541, 543, 544, 545-
549. 

Rushen Mines (see Ballacorkish 
Mines). 

Sacheverell, W., 482. 
St. Michael's Island, 562, 566. 
St. Patrick's Isle, 563. 
St. Paul's Cathedral, steps of, 564. 

Saliferous Triassic :\Iarls, 55!). 
Sa,lt, 559. 
Sa,nd and Gravel for building, 567. 
Santon River, 553. 
Sartfell, 55l. 
Scarlet, 534, 563, 576. 
Schedule of Mines (in 1827-8),484. 
Schistose Greenstones, 505, 536, ,562. 
Search for Coal, 481, 482, 557-559. 
Seaweed as manure, 568. 
Sharragh Bedn, 548. 
, Shilly , soil, 569. 
Shughlaigquiggin, 547. 
Silberfahlerz (see Polytelite and 

Tetrahedrite ). 
Silver, 496-498, 502, 520, 527, 533. 
Silverburn, 4R4, 570. 

, Silver-lead, richest in slates, 491. 
Silver-ore, 502, 510, 511,574. 

. Skyhill, 544. 
I Slack Indigo, 554. 

Slate-quarries (see 'Quarries' and 
, Barrule Slates '). 

'Slides' (mining), 487, 505, 521, 527, 
528, 535, 537, 547; effect of, on 
lodes, 522. 

Slieau Curu, 547. 
Slieau Freoaghane, 547, 55l. 
Slieau Whuallian, 501, 552, 560,570. 
Slock, The, 535, 536. 
Slock Trial, 536. 
Smyth, [Sir], W. W., 485, 489, 493, 

501-505, 508-550,555, 561,572-574. 
SnaefeIl, 526, 527. 
Snaefell Mine, 487, 491-494, 505 

526-527,572-574. 
Soils and Agriculture, 568-570. 
South Barrule, 500, 501, 518, 556 

560. 
South Barrule Slate-quarries, 560-

56l. 
South Foxdale :\1ines (see BaIla-

corkish Mines). 
Spanish Head, 562. 
Spathose Iron-ore, 497-498. 
Specific Gravity of rocks, 575-576. 
Stack Mooar, 540. 
Stack of Scarlet, 576. 
Statistics (see 'Mineral Statistics 

and' Agricultural Statistics.') 
Staurolite, 574. 
Steatite, 520,574. 
Stibnite (see Antimony Ore). 
Struan Barrule, 553. 
Sulby Glen, 551, 560, 56l. 
Sulby River, 548. 
Sulby River Mine (see Pen y Phot 

Mine). 

Ta~lor, J. [E.l, 520. 
Tellett, Dr. F: S., 575. 
Tetrahedrite, 502, 504, 511, 574. 
The Cluggid (see Cluggid, The). 
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The Ayre (see Ayre, The). 
The Slock (see Slock, The). 
The Stacks, 536. 
Thomas, J. L., 502. 
Tourmaline, fibrous, 556-557, 574. 
Townsend Mine (see Cornelly Mine). 
Traie Curn, 540. 
Traie ny Gill, 553. 
Traie Vrish, 546. 
Transverse faulting of lodes, 486-

487. 505, 513, 521, 522, 535. 
Treadwell Mine, Alaska, 491. 
Triassic rocks in deep borings, 539, 

559; formerly overlying slates, 
539. 

Twigg, J. A., 500, 510,519, 531. 

Umber, -W6-498, 531, 533, 541, 555-
556; mode of preparation, 5[)6; 
mode of occurrence in Devon., 
shire, 555. 

Umber ~Iine, 541. 
rnderwood, Dr. T., 550. 
Undisturbed minerals in lodes, 503. 

V flins, mineral, broken by faults, 
486, 487, 505, 513, 521, 527, 547. 

Vein-quartz, 55'( (see also Quartz
veins). 

, Vughs' (mining),· 486, 517, 52.0, 
525,530. 

Wardell's North Lode, 505,506,508, 
510. 

Water from mines, 533, 535 ; from 
Billown quarries, 570. 

'Yater-supply, towns, 570 i country, 
571. 

Weed, W. H., 491. 
Wells, 571-572. 
West Baldwin, 560, 561, 565. 
West Beckwith's Trial, 505-508. 
West Bradda Mine, 537. 
West Craig, 566. 
Wheal Michael (see Laurel Bank and 

Wheal Michael). 
White Strand, 552. 
Wilson, Bishop T., 482, 560, 562. 
Woods and Forests, Office of, 483, 

484, 500, 517, 519, 530, 531, 540, 
543, 545, 549, 550, 557, 558, 559. 

Woods, G., 483, 500, 519, 529, 532, 
556, 561. 

Y Slogh (see Slock, The). 

Zinc ores, 480, 486, 493, 494-498, 
517, 519-524, 534,542 574. 
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THE ground described in this Memoir is the small outlying 
portion of the North Staffordshire Coal-measures which lies 
around the town of Cheadle. It is only fl. portion of the area 
incluued in the one-inch m,lp, 12-1; but it has been thought 
desirable to issue this Memoir previous to the publication of the 
whole sheet in order to complete the re-survey of the North 
Staffordshire Coal-fields. The original Geological Survey of 
this district was inc:uded in the old series one-inch map, 72, 
N.W., which was published in 1857, the Coal-measures having 
been mapped by 8ir W. W. Smyth, the Permian and Trias by 
Professor Hull, the sub-divisions of the Millstone Grit having 
been added by Prof. A. H. Green in 1864. 

In 1899, Mr. George Barrow commenced the re-survey of this 
Coalfield on the six-inch scale under the superintendence of Mr. 
Fox-Strangways, but the field work, owing to interruptions, was 
not completed till 1901. The results of this survey are now 
published on a one-inch map which accompanies this ~lemoil'. 

The physical character of the measures, and its relation to 
their mode of formation, has been noticed; but as this is a large 
subject it will be better to treat of it, as well as the classification 
of the coal seams, and their correlation with those of the more 
important North Staffordshire Coalfield, at greater length in the 
general district Memoir, 

F01" much information with regard to the Coalfield we are 
indebted to the Colliery authorities, who have freely given Rccess 
to plans and rendered other assistance. To Mr. E. E. Almond, 
owner of Park Hall Colliery, our thanks are especially due for 
getting information about old trial sinkings. 

J. J. H. TEALL, 

Geological Su,rvey Office, 
28, Je1'myn Street, London, 

12th March, 1903. 

6377. 750-Wt. 6870.4/0:1. Wy. &; S. 56Or. 

Director. 
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GEOLOGY 

OF THE 

CHEADLE COAL FIELD. 

CHAPTER 1. 

I~TRODUCTION. 

The area described in this small memoir is remarkable for the 
fact that its main features are of two widely different ages. 
What may be broadly called the northern portion is composed 
of Carboniferous rocks, forming a sloping tableland essentially' 
of pre-Triassic age, though modIfied of course by later denuda
tion. Upon this older land surface the Triassic rocks were de
posited, but have since been denuded off all except a small 
portion of the northern area; thus restoring, as it were, the old 
pre-Triassic surface. In the southern area, however, these rocks 
have escaped denudation to a considerable extent, and now form 
a second and newer tableland, overlooking the first and older 
one. The true form of the older tableland is somewhat 
obscured locally by the hill of red sandstone at Cheadle, but 
from the summit of the hill it is at once seen that this isolated 
eminence is simply a detached portion of the newer Triassic 
plateau, and really serves tn -emphasise the fact that these rocks 
do form a tableland. 

The highest ground occurs in the northern area, formed of 
Carboniferous rocks, attaining an elevation of 1,000 feet about 
Ipstones, and 800 feet in the neighbourhood of Wetley Rocks. 
The Triassic rocks do not attain so great an elcvation; at the 
edge of the plateau overlooking Cheadle the ground maintains 
It fairly uniform heiS"ht of 700 feet above sea-level, and the top 
of the hill at Cheadle is at the same height. 

The drainage of the area is effected by the two rivers, the 
Churnet and the Tean, and their branches. Of these the Churnet 
is much the larger, and flows for the most part in a deep valley, 
often almost a gorge; and so regular on the whole is the plateau 
on both sides of the rivcr that it is often possible to look across 
the deep valley without realising- its. existence. The chief 
branches of the Churnet are three III number, and flow through 
the Consall Woods, the valley between Ipstones and Froghall, 
and the beautiful gorge of Dimmings Dale. The gorge is renowned 
for its steep, craggy, and densely-wooded sides. It is cut in the 
Triassic rocks; tne other two channels [1,re in the Carboniferous. 
Though less gorge-like than Dimmings Dale they both have steep 
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and craggy J>ides locally. The area about Cheadle is drained by 
small streams flowing in shallow hollows, which unite to form 
the Tean, and eventually flow into the c."'hurnet to the south of 
this &rea. 

Much of the ground is permanent pasture, and this is specIally 
the case where the soil is formed of the heavy Carboniferous 
shales and clays. Of the lighter lands, formed of the sandstones 
and grits of this formation, a considerable portion is under the 
plough; and the same is true where the soil is formed of the 
ary Triassic sandstones. Even here, however, may be noted the 
same tendency to lay ground down to permanent pasture that 
is seen in many other parts of England. 

Several minor industries are carried on in the district. Of these 
the silk-spinning at Cheadle is mainly due to local cheapness of 
production; though it is obviously an outlying occurrence of ~. 
widesprc<,d manufiwture of which Leek may be taken as a 
cent.re. 

Brick-makmg is also carried on to a considerable extent, 
though mainly for supplying local needs, the material emploved 
being the Coal-measure shales or cla:y-s, which are of excelfent 
quality and abundant in much of the area about Cheadle. 

Considerable employment is also given by the large coppel" 
works of Messrs. Bolton, situated in the Churnet Valley, close to 
the railway at Froghall and Oakamoor. This industry is inter
('sting as an illustration of the slll"vi...-al of a trade that owed its 
origin to local causes, which have lona ceased to exist. 

A large deposit of copper-ore was discovered in Ecton Hill on 
the Manifold, and this ore ~as brought down to Whiston on 
mules' backs, partly for t.he sake of the Woodhead coal worked 
]lecH by, and pitrtly to be near the canal, as a means of carriage. 
The copper-mine has been abandoned and coal from a distance 
has been used, while the 'Vhiston works have fallen to decay. 
X eyertheless a local suppl.}' of skilled workmen and cheapness 
of living, aided by the prOXImity of the railway, have enabled the 
illdustr\' to be retained and extended when carried on at a more 
cOllYenient site. In former days there were extensive. brass 
works near Cheadle where the Delphouse coals were used for its 
manufacture, but no such favourable conditions being maintained, 
the works have fallen to decay. The brass from these works had 
~ high repntation. 

Coal-mining is the most important industry of the district 
and gives employment to a considerable number of men. At 
present there are six collieries at work; viz., Foxfield, Park Hall, 
Cheadle Park, Hazle Wall, Kingsley Moor, and Delphouse. Of 
these aU but the Delphouse are working in the 'Woodhead seam. 
Only the Foxfield and the Delphouse are at present connected 
with a railway, so as to send coal out of the dIStrict; the others 
supply local needs only. . . 

Althoagh the number of coal-seams in the Cheadle dIstrIct 
that are workable under present cond,itions is by no means large, 
still the district Fosesses a peculiar interest on account of the 
great antiquity 0 these workings. How old they are is ~ot 
known, but they can be traced back as far at least as the reIgn 
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of Richard III. This antiquity is essentially due to local geolo
gical conditions. The coal seams are not hidden under Boulder
clay or Drift, as in many parts of England; and the ploughing 
of the fields led to the turnin~ up of a curious dark streak, which 
on being followed proved to be the outcrop of a bed of coal. 

The art of level driving to unwater tracts of coal must have 
been discovered at a very early period, for in recent years an old 
level was accidentally found that must be at least 300 
years old. This level was driven to unwater a specially good 
coal between Belmont Hall ane!. Ipstones; and the records of 
Belmont Hall dating back to 300 years make no mention of it. 
'When we consider that every tub full of dirt was pushed along a 
wooden plank (serving as the modern iron rail) the labour and cost 
must have been great, and the driving of it a great engineering 
feat. It would certainly have been mentioned if any records 
were kept when it was made. 

In the majority of cases these old workings were started from 
the outcrop. As the coal occurred deeper, pits were sunk, but 
mining was greatly impeded by water percolating from the 
older surface workings. The further in the miners went, the 
more the trouble increased, till it has now become necessary to 
leave a fairly broad strip of coal to prevent the influx of this 
water. Until the Mines Regulation Act no accurate account of 
the workings was kept, and for safety's sake this strip of un
worked coal is often unnecessarily broad, and is hopelessly lost. 
A considerable portion of the Woodhead Coal has in thIS way 
been rendered unworkable. 

Consequently it may not be out of place here to point out a 
future source of similar danger. The Woodhead and Dilhorne 
Coals must certainly outcrop beneath the long strip of Bunter 
sandstone shown on the map of Cheadle. If these coals are 
followed to the actual outcrop beneath the Bunter, the vast 
body of water known to be present in this sandstone will be 
admitted into the mine and the workings drowned out. Indeed 
the water may invade other workings further to the dip. In 
the interest of the district, precautions should be taken to 
prevent this. 

TABLE OF FORMATIONS. 

The rocks that occur in this area may be divided into four 
groups in descending order as follows :-

Alluvium. 
Drift. 

Trias - r - 1 
Carboniferous { 

Keuper :\larls. 
Keuper Saudstones. 
Buuter. 
Coal Measures. 
Millstone Grit Series. 

The superficial extent of the strata is shown on the one-inch 
map at the end of this volume. The six-inch maps of the arE<a 
are sheets 13 (southern half) and 19 Staffordshire. 
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CHAPTER II. 

CARBOXIFEROL~S ROCKS. 

The Carboniferous rocks that occur within the area, consist of 
a "porti~n of the Coal-measures and of the underlying ~Iillstone
gnt senes. ~atural outcrops of the latter and of the lowest part 
of the Coal-measures are abmlclant, and their nature can be 
accurately ascertained. But the higher rocks are confined to an 
area where sections are rare or entirely wanting, and we are 
forced to rely on minin~ information for most of our knowledge 
of these beds. Seams of coal occur throughout the whole series, 
but they vary much in quality and thickness, and in addition 
are more abundant or closer together at some horizons than at 
others. It has been found th"tblack shales are abundant in the 
lower part of the s8'·ies, and comparatively rare in the upper, 
while the strong grit banels are confined to the lower rocks. 

By the aid of these characteristic differences, the coal-bearing 
rocks may, for convenience of description, be divided into the 
following five parts, or groups, in clescending order;-

5. THE UPPER PALE GROlT with coal-seams fairly close 
together, most of which haye been worked. The Four-foot Coal 
forms the base of this group. The most abundant rock in it is 
called grey shale. This cloes not weather as a shale in the sense 
in which the term is used by geologists, but decomposes into a 
nearly white clay that becomes almost fluid when wet. Even 
the sandstones from this part of the series disintegrate on 
exposure to the air. From the persistent whitish colour of all 
these rocks when ,reathered, it is both natural and convenient 
to call the group the pale-series. 

4. THE LOWER PALE GROUP.-The same white clay material 
is almost as abnnclant as in the last group, but there is also a 
little clark shale. The coals are here further apart, and the top 
Olle alone, the Dilhorne Coal, has been extensiyely worked. 
Some dark shale ancl more coherent sandstones occur in the 
lower part of the series. 

3. THE \YOODHE.-I.]) COAL A~D \VOODHEAD SANDSTOXES.
Associated with the \Y oodhead Coal both above and below is 
a. considerable thickness of dark shale, which distinguishes this 
horizon from any h;gher one. The Sandstone which underlies 
this shale, consists of a great number of thin bands of sandstone, 
all of which are fine in grain and more or less flaggy. About the 
middle of the mass is a band cementecl by carbonate of lime and 
probably some iron. \Vhen undecomposed this is an intensely 
hard rock and easily recognised. 

2. THE LOWEST COAL-;\IEASUREs.-The feature of this group arc 
the thick masses of black or dark shales associated with coal 
seams and sandy bands, the latter tending to pass into gannister, 
often of excellent quality. Of the coal-seams, one the Crabtre~ 
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or Lower Stinking Coal is yery persistent, and has been worked 
to a considerable extent. The others yar~~ grcatl~~ in thickne;;s 
a.nd are often absent. There seellls reason to bclieye that this 
group is the equivalent of the Lancashire Gannistcr Scrie~, 1mt 
it is not proposed to discuss these points in this small memoir. 

1. THE ~IILLSTOXE GRIT SERIES.-This is at once recognised 
over the greater part of the area by the size of the grains 
composing~ the body of the grits (the First and Third) as well 
as bv their thickness. The grits continue to be strong to the 
east'and north, hut in the Dilhorne area. the First Grit 'becomes 
thinner and finer, and the Third Grit is onl.,- just recognisable, so 
much h,ts it thinned away. A mass of hbck shale similar to 
that in the gTOUp above separates the two grits, and there is a 
Se,1.111 of coal always present above the Third Grit: it varies 
however from little more than a smut to a good seam 2 feet 
10 in. thick. Below the grit agltin is ,t ma~s of dark shales 
associated with reel marls and sltndy bands of a very variable 
nature. 

There is It considerable yariation in the thickness of these 
g-ronps as we pass from one are,t to another, so that it is not 
possible to say \\'hat is the exact thickness of thc wholc scries 
at anyone spot. In the course of mining operations all but 
a small portion of these rocks has he en proved in shafts or 
borings; from these we estimate the total thickness of the true 
Coal-measures in the Cheadle area to be abont 1,600 feet, while 
the Millstone Grit Series has becn proyed to a depth of about 
-1·50 feet. 

Coal amI Slll'Jt -
)[ea,,;ureg ~ 

T",o~ lard Coal ~ 
)IeasureR ~ 
Half ~ Y arc! Coal 
)IeasUl'es 
Yard Coal 
:}leasnre~ ~ 

Littley Coal 
)[easures ~ 

Four Foot Coal 
)[easures ~ 

Coal (-variahle) ~ 
;\Ieasures ~ 
Dilhorne Co,,1 ~ 
:}leasnres -
:stinking or AIel'S Coal 
;\Ieasures ~ 
Foxfield Coal ~ 
:}[easures ~ 

Coal 7 in. (Blark Seat 2 ft. () in.), ('oal kin .. helow 
:}[easures- . - - ~ ~ - ~ 
Cobble Coal 
;\Ieasnres -
Coal (no name) ~ 
)leasures -

CHEADLE AnE.\. 

ft. ll1. 

2 6 
42 0 

fJ (i 

76 () 

2 G 
Gl 0 

:3 (j 

51 () 

? :) 
:3:3 () 

:3 (i 

120 0 
:2 0 

GO 0 
6 0 

IOO 0 
a 0 

55 0 
I k 

B4 () 

1 c) 

lao 0 
1 :3 

55 0 
I 

9:> () 
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Rider Coal 
)feasures -
Woodhead Coal 
Measures -
Stinking or Crabtree Coal 
Measures (including First Grit 100 feet) -
Coal. Third Grit or Roaches Seam (varies) 

1. The Millstone Grit and Associated Shales. 

ft. in. 
1 (l 

125 O· 
2 9 

500 0 
2 0 

320 0 
2 0 

These rocks form a ring round the greater part of the Cheadle 
Coalfield, but the southern and south-western portion of this 
ring is buried under the Triassic rocks, and its exact position 
cannot be fixed. The symmetry and continuity of the l'inO' are 
greatly broken by faults, which for short distances maket> the 
outcrops of the different beds somewhat difficult to trace; but 
over tIle greater part of the area these beds have such well-defined 
characters thf~t even small outcrops can usually be recognised. 

The series can be best studied in the Froghall and Ipstones 
area, where the rocks differ least from the well-known types of the 
areas to the north, such as that of the Roaches, etc. Shafts and 
borings in search of ironstone haye proved the thickness of much 
of the series in this area-a borehole close to Abovechurch, 
north-west of Ipstones, passing through the total thickness of 
the Third Grit, and piercing about 100 feet of the underlying 
rocks. A number of trials were also made in the Oakamoor 
area in the beds below the Third Grit, proving a seam of coal 
some 10 inches thick, at a deEth of about 9fi feet below the grit. 
Other borings have proved stIll lower beds, but it is not possible 
to fix exactly the horizon at which these started. The following 
section shows the approximate thickness of the beds in this part 
of the series in the Ipstones and Churnet Valley areas, in 
descending order:-

First Grit, about - - - --
Dark shales with a little sandy marl in upper part 
Third Grit 

ft. 111. 

- 100 0 
120 0 
]40 0 

Marls, thin sandstones and hlack shales, about 200 feet 
proved 

The FIRST GRIT in this area. is a. moderately fine-grained rock, 
rarely containing pebbles; it tends locally to weather red. 
distinctly colouring the soil. Thi~ rock occurs more oft81;t than 
is usually supposed on the east SIde of the Churnet, OW111g to 
reJ?etition by faulting. Commencing at the north-ea~t end ~f 
thIs area the First Grit is exposed in the little stream 111 Coalplt 
W' ood, about a mile west of Belmont Hall. The Hall itself stands 
on the same rock repeated by a fault. The fine crags at the 
south end of the hill, evidently close to the fault face, enable the 
ben to be examined here. It is again brought up by a fault, and 
forms the hill of N oonsum Common, while another fault repeats 
the grit which forms the hills to the south on which Booth and 
Hermitage farms stand. A large fault throws the grit down 
beneath the Ipstones and Froghall Valley, and it does not crop 
out again till we reach the high ground east of the village of 
J pstoiles. The yillage itself stands on grit, but it is not easy to 
sa.y if this is the Fir~t or Third. The cause of this difficulty is 
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the doubtful posItion of dl(' large fault just referred to. If 
thIS passes on the west side of the vil1age, then the south 
end of the latter is on the First, and the north end on the 
Third: if, however, the fault passes on the east side, the rewrse 
is the case, for the mapping makes it clear there are t\\'o 
different grits here. The church undoubtedly stands on the 
First Grit. To the east of the I pstones Yalley another fault 
throws IIp the First Grit, which forms the small round 
outlier to the north of Foxt. Part of the hill on which 
Foxt stands is also forllled of this bl'd, but the Yillage 
lIlay stand on the Third Grit if tIl(' ±~mlt, so clearly seen passing 
dose to the inn further north, passes on the west side of Foxt: 
if it passes on the east side of the village the latter is on the 
First Grit. It was not found possible to settle this point owing 
to insufficient evidence. 

The First Grit coyers a large are,1 in the neighbourhood of 
\Vhiston, and its base is seen in the old reserYoir at the abandoned 
copper works. There is a gradual passage h(,1'e from the grit to 
the underlying shales, and this gradual passage prevents the 
rock making the usual bold feature, the base being by nn llleallS 
I'HSy to follow at times. As we appro<1ch Oak<lllloor, shafts 
have been sunk through tho grit to reaeh the llmll.'rlying coal, 
and from the depth of these shafts the grit must be about DO to 
100 feet thick. In the wood on the north si(ll.' of the Churnet, 
opposite the western end of the tunnol, tho grit lllakl's an 
ullusually bold esearpment. .For a short distance on the south 
side of the riYer a similar escarpment ocellrs: it is, hO\\"l'vl'r, 
abruptly truncated by a fault just hefore thesl' rocks arc c()Yered 
by the Bunter Sandsttme . 

.. Returning to the northern area, Hear tho Cll1lrnet, the grit has 
a double outcrop for some distaneo to the west elm' to a fault, b11t 
t he exact position of tho fault is diffiellit to fix, as tho hollow in 
which it oeeurs is eovered with c1ownwash. The large fault 
passing near Consall New Hall throws the grit up again, and it 
crops out ill the sides of the valley and near the Hall farm. Un 
the west bank of the Churnet a large (luarry has been open I'd 
jn this rock, whieh here forllls an excellent building stone. 

A large fault trending north-west repeats both thesl' outcrops, 
as the map clearly shows. The shorter and more southerly Ollt
erop is well seon in the sido of tIll' small stream in thl' ('onsall 
\,oods, and by its position and mode of I'll(ling off'sorves to show 
\\'1'11 the eourse of two of the tilllits. Tlw more northe1'1\' 011t· 
nop is peeuliarly clear about tlw sides of the stream that cuts 
right through this rock, and giws an excollent section of it. As 
wo leaye the stream and approach the faults shown on tIl!' lllap 
fnrther west, the position of the bed is more dittienlt to fix. 
Close to the \Vetley-roeks road this grit is faultod against the 
Third Grit, so as to"make tho whole a};pear a eontin11011s olltcrop 
of one grit. Furthor sonth its cOllrse IS very diffil'lIlt to tra<:e con
tinuously, partly owing to f,LlIlts, partly to the tilet tha t t ht' grits 
begin to thin away !'aridly in this diroction. The heel of sand
stone to the east of Hilltop Farm is prohably this rock, as is also 
the sandstone exposed in the Foxfield railway, a little south-east 
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of Stansmore Hall. The great east and west fault at Dilhorne 
throws down the Millstone Grit Series, and their further 
course west of the Cheadle basin is covered bv Triassic rocks 
and measures between the First and Third Grits. The greater 
part of the rock between the two grits consists of dark shale. 
Close under the First Grit, however, the beds ,arysomewhat, being 
often lighter in colour and of a more sandy nature. Occasionally 
H. thin band of sandstone occurs, but it is distinctly rare and 
impersistent. Owing to the occurrence of these beds between 
two much harder rocks, they are rarely seen except in stream 
sections or artificial openings. Toward the base of the shale is 
a seam of coal known as the Third Grit Coal or Roaches Coal. 
This seam occurs all o,er the eastern and northern part of the 
area, but there is some doubt if it exists in the western :part. 

IpSTONES AND FROGHALL AREA.-An excellent series of sections 
of these beds occurs in the little ,alley-almost a gorge-to the 
east of Booth Farm, rather more than a mile north-north-west 
of Froghall. In the eastern branch of this valley a 'small adit 
has been driven for a short distance immediately below a hard 
shale band that lies about half-way between the two grits. 
The section in descending order is as follows :--

Dark shales. 
Dark hard shale band, about 1 foot. 
Impure coal, a few inches. 
Calcareous ironstone, a few inches. 
Dark shales. . 

The hard shale band has been recognised at several localities, 
and though not a " goniatite-shale " band here, there can be little 
doubt it is at the same horizon as the band full of Goniatites 
near the Knypersley Resenoir. It must not, however, be C011-

founded with the" goniatite-shale" band above the coal, lower 
down in this mass of dark shale. 

This lower band occurs immediately above the Third Grit Coal, 
and fragments of it are seen in ev~ry tip-heap from the coal 
workings to the west and north of I pstones Church. The coal 
has been extensively mined in this neighbourhood, and one shaft 
is still being worked, the coal being 2 feet 10 inches thick and 
of fairly good quality. It was to unwater this coal, in conse
quence of its good quality and thickness, that the old level, 
referred to in the introduction, was dri,en. About half a mile 
west of the church it borehole, known ,18 the Abo,echurch Bore
hole, was put down to see if any workable ironstone was present. 
A seam was found, but its quality was not such as to encourage 
its being worked. The exact position of the Third Grit Coal is 
shown by the boring, an account of which is as follows :-

Ipstolles Area-The Abo1)echn1'ch Bm·chole. 
ft. in. 
9 0 

22 0 
2 10 
8 0 

- 144 0 

Soil and clay 
Black shale. (Joniatite ~hale hand at hase 
Coal. The Roaches Seam 
Fireclay 
Sa.ndstone rock. Third Grit 
Hard lIlarl 
Red and brown rock 

9 0 
7 0 
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ft. in. 
Roach or gritty shale 33 0 
Grey shale 36 0 
Black shale 27 0 
Grey shale with red bands 1 6 
Black shale with red bands 1 0 
Red hydrate ironstone, said to be 1 ;) 

Three shafts, which are sho»'11 on the map, were sunk through 
the lower portion of these shales to this coal; one three
quarters of a mile south-west of Ipstones, a second (New 
House) a little south of Ipstones, and a third half a mile 
south-east of the village. 

These shafts appear to have been made under the impressi(lll 
that these dark shales were at the same horizon as those aboyc 
the Froghall Ironstone, which they closely resemble. They 
proved a curious fact; in .all cases the coal has passed to a 
mixture of coal and ironstone, closely resembling the higher one 
already referred to. In this special area this curious admixture 
occurs at three distinct horizons, for it is also met with in the 
Froghall Ironstone.* 

In the small valley, rather more than a mile due north of 
F'oxt and close to the fault shown on the map, the Third Grit 
Coal is exposed, and has been worked, as the ironstone is absent 
here. About the Lees, west of 1Vhiston, the coal has again been 
worked; the goniatite shale is everywhere seen in the spoil 
heaps, and fragments of impure ironstone show that the mixed 
material also occurs in this neighbourhood. To the north-east 
of Whiston no old workings have been found, but as we approach 
Oakamoor the coal has been extensively wrought, and many 
old pits are still open in this neighbourhood. A considerable 
portion of the outcrop of the shales above this coal is faulted out 
III this area by a fault running along the foot of the escarpment 
of the First Grit. The tunnel at Oakamoor passes through the 
greater part of these beds, and a great quantity of the goniatite 
shale may still be seen in the spoil heap at the west end of the 
tunnel. 

THE NORTHERN OUTCROP.- Close to the Churnet 011 the 
northern edge ot" the First Grit a shaft was sunk to the coal, and 
some of the overlying shales arc exposed in the banks here. 
To the west and south-west, however, nothing is seen of these 
beds till we reach the ground between the outcrop of the two 
grits to the south of Consan village. This ground is intersecte(l 
by small gorges, which give an almost complete section of these 
shales. In the wooded ravine-shown on the map-the har(1 
shale band about the middle of this series is particularly well 
seen. This band is 4 feet thick with a coal smut below, but 
no fossils were found in the shale. 

Owing to the faulted nature of the ground these shales aro 
difficult to trace for some distance to the south, and the only good 
exposure of them occurs in the old marl pit close to Bank Top, 
about a mile north-north-west of Foxfield Colliery. A hard 
calcareous band associated with some traces of coaly matter 

• See page 19. 
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~eems to be the only rqll'esentatiYe of the Third Grit Coal, but 
the pit i~ too old for the section to be clearly understood. That 
there is no good coal here seems clear, for it would otherwise 
have been worked, as there is no other easily accessible coal in 
t his neighbourhood. There are numerous openings for marl 
or shale to spread on the dry Bunter Sandstone soil, and some 
of' them must have cut open the coal if it exists here. A little 
south of this area these shales are faulted down by the Dilhorne 
Fault and ('onred by the Bunter Sandstone. . 

THE THum GHIT.~Generally speaking, this grit is coarser 
and thicker than the First. There is no need to give a detailed 
description of the outcrop of this rock for it runs parallel to the 
First Grit, and its position may be defined as being invariably a 
little further off from Cheadle than the latter. In the Ips tones and 
Oakamoor area it is about 140 feet thick, and the thickness changes 
slowly and apparently evenly in definite directions. It has gradu
ally thinned away from 190 feet in the Stocton Brook area, bllt the 
evidence shows clearly that these grits do not vary in thickness 
in comparatively short distmwes as is often supposed. They are 
really built up of a considerable number of lenticular beds of 
grit which often die away in a short distance. But the total 
thickness of grit built up of these lenticles varies verv little 
over considerable areas, [,s the numerous shafts and borings 
through it show. The finest crag outcrops occur about the 
Calclon Low Tramway near Abovechul'ch (Ipstones area) and 
the Belmont gorge to the east of the Churnet. On the west 
side of the Churnet the most northerly outcrop near Park 
House is so obscured bv Drift that it was missed in the former 
survey map. About Consall, however, it makes a bold feature, 
but begins to thin away to the south. It is stillrecognisaWe at 
Bank Top, the farm referred to above, but at Stansmore Hall, 
north-west of Dilhorne the rock is recognised more from its 
position above the thin hard sandstones (crowstones) near 
Stansmore Wood, than from its own characters. It, is not known 
further south being covered by the Bunter. 

BEDS BELOW THE THIRD GRIT.~The dark shales below the 
Third Grit are exposed in the cutting on the Caldon Low Tramway, 
and still lower beels are seen in the stream (Shirley Brook) that 
flows south towards the tramwav in the neighbourhood of 
Foxt. At the point where this stream turns abruptly west a 
small brook joins it from the east, and in the low scar at their 
junction a curious small coal seam occurs, about 10 inches thick, 
apparently at the same horizon as the seam often met with in 
the borings about Oakamoor. The seam at Shirley Brook 
appears to be highl'y bituminous and pyritons, and is crowded 
with Goniatites. These at the cutcrop crumble to pieces 
in the fingers, but a hand lens shows that even the most 
delicate markings are perfectly rreserved. It would probably be 
worth while to make a smal opening here to obtain fresh 
s?ecinH'ns, as well a!! to ascertain if the coal is sufficiently 
bItuminolls to possess any rom mercia I value. A little north of 
this point an interesting bed of sandstone occurs in the Shirley 
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Brook, and can be followed for a considerable distance in the 
sides of the stream. At first it contains a few small pebbles in 
its upper portion, but further north these increase both in 
number and size till the rock resembles the Third Grit. Though 
thin it is very hard, and after rising from the sides of the hollow 
it makes a large spread about Lanehcad. This bed occurs 
again, repeated by a fault, at the smithy north-east of Foxt. It 
isL here stillmore like the Third Grit in appeamnce, but a shaft 
proved it to be only some thirty feet thick. This tendency of 
the sandy beds in this district to become thicker, coarser and 
more pebbly is not confined to this rock: the mapping of part 
of the Ipstones area made it clear that a number of thin pebbly 
grit bands are coming on and partly replacing the masses of 
shnle so conspicuous in the Endoll nrea. 

On the opposite side of the Cheadle area, however, the reverse 
phenomenon is seen. There the beds below the Third Grit are 
mainly soft shales associated with thin crowstones, good examples 
of which may be seen to the west of Banktop Farm. 

2. The Lowest Coal-measures. 
This group consists essentially of dark shales separated by 

bands of fireclay and sandstone or gannister. The whole 
thickness of the group was pierced in the boring from the 
bottom of the pit at Park Hall Colliery,* but there is reason to 
believe the beds here are somewhat thinner than in the Frog-
hall and Ipstones area. The section shows that several small 
seams of coal are present, but only one, the Crabtree or Stinking 
Coal, is of any thickness. Tho sandy bands in this series are 
liable to much groater variation than the dark shales, 11 plwn
omenon that is specially well shown by the beds bene at h the 
Crabtree Coal, which may be either a pebbly grit, a series of thin 
fine sandstones, or a gannister of specially good quality. The 
change from one type of section to allothcr ,vill recur sevl'ml 
times in quite a small area. 

Owing to the fact that the three cleep valleys of the (listric-\, 
that of the Churnet, ConsaU 'W oods, and I pst ones, arc (11l 

prinoipally in this portion of the Coal-Ineasures, exposlll'(,s arLO 
numerous, more particuln,rly at the points where small strelll'lS 
flow into these larger yalleys. 

Mr. John "Tanl, in his excellent work on this districtt, draws 
actention to the t'<wt that the (lark shaks of this anel the unde}"
lying group of he<ls usually contain a (Iifierellt fossil fauna from 
that of the shale in tho groups higher up ill the series. In 1lw 
latter the fossils are fish remains, Spil'Ol'bis, Carboniculr!. 
and other shells of a tioesh-water origin; while in these lower ro("ks 
the fossils have a more distinctly marine aspect, such as 
GOlliatites, A 10 iculupecten , Li~)[Jula, eto. For this reason he pro
posed to restrict tho term Lower Coal-measures to this group, 
classing tho Woodhead Coal and overlying rocks of the Cheadle 
area as Middle Coal-measures. It is not at present certain that 
this distinction in fauna prevail" over a sufficiently large arf'[l. 
for this classification to be adopted. 

* See page 57. t S~e page 58. 
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IpSTONES AND FROGHALL.-A long narrow strip of .these beds 
oCCurs between Ifstones and lTroghall, let down by two nearly 
parallel faults, ana in this a number of boreholes were put· down 
to prove the Froghall Ironstone, which in this area occurs at the 
base of the Coal-measures. Though the ironstone has been 
practically worked out, the borings are still illt"lresting as show
ing the nature of the beus passed through. The exact position 
of these boreholes cannot now be fixed, as a series was made in 
each locality, and it is impossible to say to which of these series 
the separate boring-accounts refer. 

A considerable number were made in the localitv of Clough
head, a farmhouse about a mile north of Frog-hall. These 
borings, while differing in minor details, show the persistent 
presence of certain beds of coal and bands of dark shale. 
They are, however, sufficiently in accordance with the section 
proved in the engine pit close by for it to be taken as fairly 
typical of the district. 

SECTION OF THE OLD ENGINE PIT NEAR CLOUGHHEAD. (FROGHALL,) 

15 Grey and black shale 
14 Coai 
13 Hard fireclay and rock, shale at b,tse 

\ Coal, 1 ft. 1 in. j 
i 2 Sweet or SpEt coal \ Shale, Gin .. 

\ Coal, 1 ft. 8 in. \ 

• ft. In. 
3i 0 
o 4 

20 (I 

3 3 

11 Grey and black shale (bass) 19 fl 
10 Coal 0 4 

9 Grey and black shale 31 Ii 
8 Coal (the Stinking or Crabtree) 2 3 
7 Fireclay on white and grey rock 31 7 
(] Grey shale 2 9 
5 Coal- 0 3 
4 Grey and black shale (paper shale at base) 20 6 
a Coal- 0 4 
2 Orey and black shale passing to harder sandy shale (;3 (] 
1 Black shale 1 ft., Ironstone 1 ft. 2 0 

Below this the shaft was sunk, some 10 feet into grey marl. 
All the strata recorded above are visible at some part or other 

of the deep ra:vines between Froghall and Ipstones. Close to 
FroO"hall the banks of the stream are for~ried of the dark shales 
abo~e the Crabtree or Stinking Coal. On the east side of the 
valley, all the beds from this seam to the Kingsley sandst~ne are 
present, but there are only isolated exposures, and no detaIls can 
be made out. Just at the lime-wharf the Crabtree Coal crops 
out at about the water level, and from this point rises faster than 
the stream as we go north, so that a little above the rude dam 
formed by the great shale-tip in the western valley, a foot-pat~ 
to Ipstones passes over the sandy beds below the cottl. At thIS 
point there IS a good section in the stream below which shows :-

Dark shales (No 11 of abuve section) 
Paper shale band - - - -
Coal, 2 in. Smut, 8 in. (12 of above) 
White fireclay -
Da,rk shale - - - - - - - - -
Flaggy fine grit, having a cemented appearance at tlle base 

ft. in. 
20 0 

1 0 
010 
5 0 

10 0 
10 0 
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This section is important, as the paper-shale band o\erlying the 
coal marks an horizon that is persistent over a very large area. 
Unlike the rest of the black shale it does not readily fall to 
pieces on weathering, but changes to a brown-paper colOllr, and ill 
this condition it can be split open with a blunt kuife, and thin 
sheets like stitf brown paper may be obtained from two to three 
feet long. At times fish scales and a small flattened .Lingul([
like shell are fairly abundant; but as a rule fossils are very 
sparsely distributed in the rock. It never contains, so far as we 
know, the masses of Gonintite8 and Avicldopecten so abundant 
in the other hard shale bands, and it differs also from the latter 
in the absence of pyrites. It is to the freedom from this mineral 
and the decomposition that accompanies its presence, that the 
paper-shale band owes its preservation. Once seen it is easily 
recognised, and forms, as Rtated above, an excellent horizon over 
the area here dealt with. 

Following up the stream towards Ipstones the hard beds (No. 
g) above the black shale and under the Crabtree Coal form the 
si(les of the small ravine till we reach the first houses of the 
village of Jpst~nes itself. Here a quarry has been opened in the 
gannister th .. t so often occurs at this horizon. It may be noted 
that in this section no trace was observed of the thin coal (~o. 
10) which experience shows to be liable to great variations in 
thickness, and at times to disappear altogether. It must not, 
however, be inferred that it never existed, for there soems a 
strong probability that many of these thinner coals were denUded 
after they were laid down, but this has not been proved. Only a 
short distance to the east of this stream a borehole pas:o.ed 
through a hollow 2 feet deep due to the extraction of this very 
coal. The section also shows the variability of the hard bedR 
that underlie the Crabtree Coal. At the south end of the section 
the bulk of the rock is a fairly fine sandstone, but close to the 
village it is mostly fireclay and gannister. This change in a short 
distance is characteristic of the whole area, the zone being 
specially liable to these changes. The gannister and fireclays 
when present are usually of excellent quality. Owing to the 
greater hardness of this zone it forms a step or feature in the 
stream banks, and this enables the position of the Crabtree Coal 
(No.8) to be en,sily traced. To this fact is probably due the 
extensive nature of the workings in this neighbourhood. It 
was also pierced again and again in the shafts to the underlying 
Froghall ironstone, and was often worked for the engines at the 
numerous pits. The Crabtree Coal may be seen from the tip
heaps to be overlain by the persistent hard shale band so rich III 
Goniatites, etc., that assists in the identification of this Coal over 
a large area. The coal and shale together form the one persistent 
recognisable horizon in this part of the Lower C~al-measure~. 
Though there must have been numerous outcrops of these bands 
in the ravine north of Froghall, they are now much obscured by 
the deb)'is from the ironstone mines. 

To the south-east of the shale-tip in the Ipstones Valley the 
Sweet or Split Coal above the Crabtree, and another seam below 
it, have been cut open in the steep bank, but owing to slips it is 

Mn B 
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not easy to tell the exact thickness of either. They are too thin 
apparently to be worth working. Ascending the east branch of 
the m1,in \"alley tt fault is crossed which brings up the Froghall 
ironstone. The outcrop of this is markeu for a considerable 
distance by a number of adits. Further north the sandy beds 
and gannister of the Crabtree Coal are seen close to the Mill
dam, and about 200 yarus beyond this is another section of the 
Split seam, the thickness being the same as in the shaft gi,en 
abovc. Higher up the stream the Crabtree again comes to the 
surtitce, close to an old adit, and the shales below the coal are 
also seen, but the ground beyond is much faulted and the exact 
horizon is (lifiicult to fix. South and south-east of Froghall Ii 

considerable area of these rocks occurs on the north side of the 
Churnet. Sections are numerous, and borings and shafts ha,e 
been put down to proye the ironstone and to work the Crabtree 
Coal. The ironstone is either too thin to work, or absent in this 
area, but the coal maintains its usual thickness. A little south 
of Eavesford the sandy beds below the coal form a grit with 
pebbles as large as those in the Third Grit, but the matrix is 
fairly fine. T11e outcrop of this is shown on the map. South of 
\Vhlston Eaves this rock is much finer and contains no pebbles. 
Over all this area the Crabtree Coal has been worked some 
distance in from the outcrop, and has always the Goniatite-shale 
roof. A shaft, about 500 yards south of Eavesford, passed 
through three seams of coal below the Crabtree. The section 
of this shaft is as follows. 

SHAFT AT Ro>,,, BAXKS, WHI"TOX EAYE>':-
ft. lll. 

Sand and clay 9 0 
Grey bandR and shale - 4 0 
Blue shale 35 0 
Stinking or Crabtree Coal 2 0 
Fireclay and rock 29 0 
Black ;hale - 3 0 
Coal 0 10 
Fireclay 8 0 
Hard band on red ll1'1.rl 7 0 
Black shale - 2 G 
Coal ( ? Shatfalollg) 0 9 
Black shale - 9 0 
Grev roach - 9 0 
ConI ( ? Rhatfalong) 1 6 

A boring pH t down by Johnson of Ipstones in the dell close 
by giyes 4,0 feet to the hollow where the Crabtree has ~een 
worked: then 31 feet to a hollow where the roof has fallen mto 
another coal (see above); then 29 feet to :;t red sandstone. This 
is said to be the top of the First Grit, but it does not seem deep 
enough. 

A slllall coal seam about 7 inches thick, apparently above the 
ern btree Coal, is exposed in the bank of the little stream close 
to the first railway bridge south of Froghall, but its position 
is not easy to fix owing to the faulted nature of the ground. 
Thc stream flowing south-east from Whiston Eaves gives 
numerous sections of the shales below the Crabtree, but these 
possess no points of special interest. Due south of Crowtrees a 
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small slag heap suggests the presence of the Froghall ironstone 
but it cannot be thick, for trials have bee11 made in the neigh 
bourhood without Sllccess. 

Near the farm of Eastwell the outcrop of those beds c:rosses to 
the south side of the Cllllrnet. The northcl'll boundary is a 
natural one, but the southern is a fault throwing down ·:south. 
In this outcrop sections occur in the streams ea:st of 'Vomlhead 
Hall, and agam in the :stream that flmvs down past Cheadle. 
The latter are in the black shale above the Crabtree Coal, while 
those to the east show clearly the beds associated with the 
Crabtree Coal, which h,'\,s been worked here. In some calcareous 
nodules from the tip heaps numerous fine specimells of Gan iCL

tites were observed, but they are very difficult to extract. Dr. 'V. 
Hind kindly determined two of these as Goniatites (Gw;tJ'iacems) 
Listel'i and Goniatites (Dimol'phoceras) Looneyi. "Vith the objec:t 
apparently of provin& if the Froghall ironstone was present or 
not, a borinO' was made from the bottom of one of these pits. 
This must have pierced the First Grit, as a large quantity of 
water was met with which still flows as a considerable stream in 
spite of the height above the base of the Churnet Valley. There 
could be no seam of ironstone present, but the water is markedly 
ferruginous. 

Rather more than t=\, mile east of Cheadle the shales of this 
part of the series are seen in the valley to the south of Hilltop 
Farm, and again in the hollow to the east; but as they pass in 
this direction under the Bunter Sandstone no outcrops are 
known further south. 

Returning to the Froghall area and following these rocks 
round the margin of the coalfield, a curious outcrop of the 
Froghall ironstone with a thin cover of shale occurs on the 
summit of the hill to the north-west of the station. The 
occurrence of these outliers was not known for a long time, and 
this is the more remarkable owing to the great amount of slag 
left from ancient workings in the ironstone. All record or even 
tradition of these workings is lost. 

To the south of this hill a large fault throws the ironstone and 
overlying beds down into the valley, but the downwash is so 
great that nothing is seen of the rocks till we approach the 
small stream to the north-west tlmt rises near Ipstones. A little 
below the junction of this with the main river the ironstone 
comes to the surface, and is said to form the bed of the canal 
close to the adit, from which a small quantity of ironstone is 
still being mined for making red paint.* A little way up the 
small stream the First Grit comes to the surfnce, mnrking the 
position of the fault already referred to. 

Further west many shafts were sunk to the il'OllSWlle, nearly 
all of which has been extmeted. They prayed the persistent 
presence of the Crabt.ree Coal, which remains fairly nniform in 
thickness, and also of several smaller seams, two of' which are 

* Clo~e above the adit is a little band of hard white grit or conglomerate; 
apparently that recorded in the Park Hall boring. (See page ,,7.) It has 
not been ~een elsewllfwfl. 

6~7 82 
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very variable, but rarely as much as a foot thick. The harder 
beds above the Crabtree Coal form the edge of a flat-topped hill 
on which Hillhouse fum stands, and the outcrop of the coal can 
be fairly well traced. In the small valley on the east side of 
Belmont Hall numerous sections are met with showing the 
nature of the lower portion of the series. The ground is much 
affected by faults, one of ,vhich is well shown on the east side of 
the valley not far from Petty-fields. This fault brings the shales 
below the Crabtree against a sandstone abo,e that seam. The 
shale has locally slipped away from the fault face, leaving a 
curiouslv isolated sandstone scar. To the north of this no such 
slip has" occurred and the sandstone is consequently not seen, 
although it cannot be more than a few feet from the surface 
inside the bank face. To the west of Belmont Hall some good 
sections of the beds about the Crabtree Coal are exposed, and the 
o-annister, which is of excellent quality, is quarried. A little 
further up the Churnet valley, on the same side, a small stream 
cuts through the basal shales of the series, and gives one of the 
very few natural sections of the Froghall ironstone, which has 
here dwindled to some three inches l1l thickness. An equally 
thin seam was met with in the trial-shaft a little east of the 
stream, and the limit of the workable ironstone in this neighbour
hood is thus fixed. 

On the southern and western side of the Churnet about and 
aboye Froghall the lowest Coal-measures form the greater part of 
the steep banks of the valley. For some distance, however, the 
slifs and wash from above prevent any rock being seen in situ 
til the woods north of Hazlescross are reached, where the traces 
of an old tram line indicate the outcrop of the ironstone, into 
which levels have been driven at intervals as far north as the 
flint-mill. Sections about the ironstone are numerous, though 
slips are gradually obscuring these, and in time little bare 
rock will be visible. These slips occur at intervals all down the 
hill face, and a fresh one will of course leave a hare scar 
for a time. Several such scars occur in the banks here at 
present. They are most numerous just below the summit of the 
bank at the top of the dark shales below the \Voodhead sand
stone to be described later. A few occur much lower down in 
the harder bands associated with the Crabtree Coal, which has 
been worked to a small extent. 

Specially good sections of these rocks occur on the south 
bank of the stream that flows through the Consall ""\V oods and 
.ioins the Churnet at Consa11 Forge. Although the sequence is 
locally affected by faulting, still on the whole the stream flows 
almost exactly along the strike 0f the rocks, and thus as the 
valley deepens lower and lower beds are exposed. For some 
distltnce above the point, where the long north and south fault 
crosses, black shale is the dominant rock, and this contains lines 
of small ironstone nodules, with at times marine fossils 
These beds would repay a careful search. On the east side of 
the fault a good section of the Split or Sweet Coal is exposed, the 
section being as follows :-
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)Iixture of sandy marl and gannister 
Pale sandy marl 
Smut, 3 in. 
Coal,8 in. 
Smut, 4 in. 
Clunch, 1 ft. Split seam 
Smut, 3 in. 
Clunch,l ft. 10 in. 
Coal 8 in. 
Hard white clunch with lenticles of jet OJ' coal 
Hard clunch, base not seen 

ft. in. 
4 0 

10 0 

j 0 

2 0 
10 0 
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The clunch is a sandy material cemented by a little clay. It 
is coherent and devoid of bedding. Though softer than a 
sandstone it is much harder than an ordinary marly shale or 
clay. 

A little further down the stream an excellent section of the 
Crabtree Coal with its Goniatite-shale roof is seen, and the coal 
can be followed till we reach a large scar in which the beds from 
some distance above the Split seam clown to this coal are all 
laid bare. It is the most complete natural section in the district. 
The Split seam here consists of two bands of coal, each about 6 
inches thick separated by 3 feet of fireclay and shale; a little 
further down the stream the beds above the Crabtree crop out, 
the section showing 30 feet of black shale with a Goniatite-band 
at the base. Under this is the Crabtree Coal resting on 3 feet 
of fireclay, succeeded by laminated and compact sandstones. 
These are totally unlike the harder material (gannister and fire
clay) worked on the west side of Belmont Hall referred to above. 

The small scar formed at the angle in the bank where the 
Consall Valley joins the main valley shows the paper-shale bands 
some distance below the Crabtree Coal described on page 13, and 
which are so persistent in this area. It is here underlain by a thin 
smut of coal, while a little above it are several bands of sandy 
material closely approaching gannister in appearance and com
position. A considerable dIstance up in the bank a shaft wrt8 
sunk to the Froghall ironstone, which shows the absence of any 
seam of coal below the Crabtree. It also shows the great thick
ness (93 feet) of loose material that tends to accumulate on 
these steep banks, largely no doubt due to slip pings as well as 
downwash. 

On the north side of the Consa11 Valley there is a considerable 
rtrea of the Lower Coal-measures, but only a few good natural 
sections OCCLlr in it. Owing to the fact that the beds below the 
Crabtree Coal are harder than the rest, they had often to be cut 
open to mrtke the tram roads for the old ironstone mines. By 
the rtid of these sections the coal crtn be traced over a consider
able area. The ironstone was extensively mined here, and 
llumerous shafts were sunk. The workings proyed the area to 
be greatly faulted, and the majority of these faults are shown on 
the map. The Crabtree Coal was met with in eyery shaft 
deep enough to intersect the seam. It vrtried in thickness from 
1 foot 6 inches to 2 feet, and was worked for the engines where 
convenient, to do so. It was always hi\.l'hly pyritous, uut gave a 
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good heat, and coked well. This local mining of the seam has 
given rise to a number of patches of waterlogged ground, which 
will be a source of danger and difficulty if the seam be more 
extensively worked at some future time. 

In addition to the shafts sunk to the ironstone, some borings 
were put down to prove it in Ladypark \Yood, close to the stream, 
and west of the fault shm\"11 on the map. The first met with the 
ironstone at a depth of 95 yards, the stone being only 7 inches 
thick and too thin to work. The second, some distance further 
west, prm-ed the seam absent altogether. Some additional bor
ings were made in the fields near the road to \Vetley Rocks, 
which proved a coal, said to be the Crabtree, at a depth of 12, 
14 and 20 yards, but no ironstone was found. 

The outcrop of the lowest Coal-measures on the western side 
of the Cheadle basin is difficult to understand, as the ground is 
faulted, and the rocks themselves rapidly change in character, 
which renders the faults difficult to trace. The high dip also 
produces a steep featureless country, which is further obscured 
by wash. The shales can be seen occasionally in a few stream 
sections, and have been excayated to a considerable extent 
for marling the fields. The Crabtree Coal was not met with in 
any of these pits, which extend almost to the Dilhorne fault. 
It seems reasonable to suppose that this seam, like the Third
grit Coal, has died away. To the south of this dislocation these 
rocks are coyered by the Triassic bcds, and nothing is known of 
their further course. 

S!~m?lUwy of the Coal-seam8.-Fro111 the above account, it will 
be seen that the Crabtree is the only seam of any thickness that 
is at all pcrsistent oyer the greater part of the area. It has a 
thickness varying fro111 1 foot 6 inches to 2 feet 4 inches over 
all but the western district. It has been extensively worked at 
different times, and it is doubtful how much of it is left except 
as isolated patches surrounded by waterlogged" Old-Ulan." In 
the area north of the Consall Valley a small portion has been 
worked for the hauling engines of the old mines, but the bulk 
of it is left. It is, of course, untouched over the greater part of 
the Cheadle area, but whether it would ever pay to work when 
coal becomes scarcer is a difficult matter to decide. It seems to 
be a hot coal.and cokes easily. It may some day be possible to 
w,lsh the PYl'ltes out of it and coke the powder. 

The F1'oghall f1·onstone.-This seam of ironstone, which has been 
referred to above, lies either directly on the First Grit or may be 
separated frolll it. by as much as li5 feet of shale. With the 
exception of a few patches that are worked for making red paint, 
the sealll has been practically worked out. It was deposited in 
t he form of an extremely thin lentiele of sOlllewhat irre~'ular 
thickness, whidl was roughly elliptical, the longer axis ot the 
ellipse trending E. and W. The southern limit has been proved 
at the west end by borings already referred to in the Consall Valley, 
near the stream flowing north from Kingsley Moor. It was 
followed till it was too thin to work both ut Ha~leseross Pits, and. 
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at some pits close to Kingsley Village. A boring proved its 
southern termination again at Froghall, and only a trace of it 
was met with at Whiston. To the east of Ipstones it passes to a 
curious admixture of coal and ironstone, which did not pay to 
work. Beyond this for some considerable distance the limit to 
the north is the natural outcrop, but close to the Churnet it has 
been proved to die away to a few inches before reaching the 
outcrop. In order to pro,e if this seam came on again a boring 
was put down by Mr. Almond from the bottom of Park Hall 
Pit, and this corroborated the evidence already given that the 
seam does not extend south of the line described above. 

That this seam owed its existence to local conditions, which 
tended to recur, seelllS to be shown by the fact that in the area 
where the seams become a mixture of coal and ironstone two 
other similar admixtures occur between the First and Third Grits, 
as noted above. This association suggests some special condition 
for its occurrence, and it seems that filtration lllay be partly the 
cause. For instance, if a delta be covered with a dense vegeta
tation of a reedy 01' fern-like nature, t he mass of yegetation will 
tend to filter off all sediment while allowin~ water to pass 
through. The coal may possibly be formed by decomposition in 
sitn of the vegetable matter, the shells once present being com
pletely decomposed by solution in water highly charged with 
carbonic acid, and the lime replaced by iron. As Mr. SOl·by has 
so ably shown, lime produced from certain shells is peculiarly 
liable to be replaced by iron. It, is a curious fact tending to 
confirm this hypothesis that not a single shell has been founel 
in this ironstone, in spite of the thousands of tons of it that 
have been taken out. 

Some details of the mode of occurrence of this ironstone are 
pu blished in the "Iron Ores of Great Britain," by W arington 
Smyth, Part IV. pp. 277-279, and an analysis is given by ~Ir. 
Dick, p. 29l. 

3. Woodhead Coal and Woodhead Sandstones. 

The rocks of this group possess such well-marked characters 
that it has been possible to trace them continuously over nearly 
the whole area, except, of course, where they crop out under the 
cover of Triassic rocks. A boring put down at the bottom of 
the shaft at Park Hall Colliery penetrated all the members of 
this group, and proved the succession to be as fo-llows in 
descending order;-

Black shale or bass 
,y oodhead Coal 
Pricking and Ouster Coal 
Nodnlar srllltly marl (Conglomerate rock) 
Dark ~hall's with harder banels in lo\ycr part 
Flaggy sandstones with thin partings 
Finely fissile grey sandstone 
Fine grey sandy shale (dark shale below) 

ft. in. 
10 () 
2 10 
1 () 

10 0 

·W 0 

170 () 
f,O 0 
·10 0 
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The peculiarly hard black shale or bass at the top of this 
group makes an excellent roof to the coal workings. It can 
be easily recognised in the field, both from its nature and from 
the band at Its base, locally known as the Fish-bed, which is 
so peculiarly full of these remains. The amount of them may 
be best understood by walking along the line from the Foxfield 
colliery where the metals are ballasted largely with this band. 
About every third bit of shale, if not too decomposed, will be 
found to contain fragments of fossil fish. At the Kingsley Moor 
pit they are equally abundant, but further to the south and 
east, though still abundant, they are present in smaller quantity. 

The Woodhead Coal is about 2 feet 10 inches thick, and of 
±itirly good quality. It is essentially a non-bituminous coal 
and can be taken out in large blocks, as may be noted at any 
of the coal staithes, such as the Woodhead. At the base of 
the seam is some shale and shaly sulphurous coal, about 1 foot 
thick in all, which is taken out in working the coal. 

The bed locally known as the Conglomerate-rock is a rather 
hard sandy shale, portions of which are cemented together so 
as to form ferruginous balls, harder than the rest of the bed. 
From the presence of these balls the rock has acquired its 
name. The shale on which this rests is softer and not quite 
so dark in colour as the bass. These dark shales above and 
below the coal serve to distinguish it at once from any seam 
at a higher horizon. 

The rocks forming the lower members of the group may be 
briefly described as a thick mass of flaggy sandstone (the 
Woodhead or Kingsley sandstone), passing through the stage 
of a very shaly sandstone to a sandy shale. The whole, 111 

fact, forms a perfect transition from sandstone to the dark 
shales of the group below. There is no other rock in the 
district at <111 like this Woodhead flfl~gy sandstone, and a good 
outcrop of it is umnistakflhle. 

Nahwal E;cl)Qsl1res 01' Ontcl'Ops of the G?'IJUp. - The 
coal with its associated rocks are cut open in the side of 
the small stre;lm that is crossed by the by-road from Dairy 
House Farm to Above Park, the road leaving the stream 
close to the point where the coal crops out. The latter is here 
:2 feet 9 inches thick; the top and base being clearly seen. A 
little further north a bult throws the beds down, and the coal 
is seen at tho surface again higher up the stream, as shown on 
the map. Below the coal an excellent section occurs here of 
t he Baggy sandstones. The group of beds can be trace~ in a 
southerly direction towards the by-road already montlOnecl, 
;!Illl theC coal has been cut open in forming a drain. This 
'lllt('}'()p ('mis against the fault referred to aboye, which brings 
11 p t h p fiaggy ~all(lstone ag:tinst the coal. After crossing the 
fault the Baggy samls/olle can he Lmced for some distance, 
and a trial shaft was sunk in it. The further outcrop of the 
coal to the south could not be traced, nor could the sandstone 
be followed fitr beyond the trial sinking. 
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A complete section of the \Yoodhead Coal and its associated 
rocks occurs in the small stream that rises on Kingsley 1\'[001' 

and flows north through Hollins -Wood. It begins at a point 
about 500 yards north of the meeting of the three roads. After 
passing some fissile sandstone, soft sand rock, and the typical 
g,ale marly shale, a small adit is reached driven in the Woodhead 
Coal. The seam is still visible, but the underlying beds are 
covered with the tip from the adit. A few yards further on a 
fault is 'seen throwing down to the north and. repeating the beds, 
so that at the junction with the next small stream the upper 
part of the bank is formed of the black bass above the coal, 
which is well exposed here, and is about 2 feet 9 inches thick. 
Below the coal is a few inches of cannel shale, like that 
under the Rider Coal. This is succeeded by the slicken shale 
and impure coal known as the "Ouster." The conglomerate 
rock described above occurs beneath this, and is about 6 feet 
thick. This is succeeded by shaly clunch and lumpy shale, 
which passes to a mass of dark shale some 30 feet thick. This 
rests on the typical flaggy Woodhead sandstone of which a 
complete section is seen, and the gradual passage from the 
base of the sandstone to the dark shale of the group below 
is well shown. By the aid of this section this group of rocks 
can be identified in any part of the area where reasonably good 
exposures occur. 

To the east of this stream the rising ground, formed by the 
sandstone and the traces of old outcrop workings, enable the 
position of the coal to be traced as far as Hazles. Here the 
ground is somewhat obscured by faults, proved in working 
the Froghall ironstone, but nearer Kingsley the coal can again 
be traced by old crop workings. The village itself stands on 
the sandstone, of which there are numerous sections hereabouts. 
The typical thin-banded rocks are well shown in a quarry on 
the edge of the Churnet Valley at the south-west corner of 
the plantation due north of Kingsley. . 

Close to the brick bridge, where the footpath crosses from 
Kingsley school, the stream has cut open the d:'trk shale below 
the coal. Between the bridge and the small plantation close by 
a band of indurated mudstone occurs in the shale, which con
tains numerous fragments of fossil fishes, as well as abundant 
specimens of Cal'uonicol(~ and Spi?·orbis. A few feet above 
this mudstone is a ferruginous nodular band crowded with 
casts of Anthmcomya. A little higher up in the series, but 
lower down the stream, is it lenticular speCkled siliceous band 
containing numerous plant remains. _ The sandy material below 
the coal occurs a little further on, :md then the coal itself crops 
out in the bank, sllcceelled by the black bass, and still further 
south b,y the grey shales of the group of beds above. A slight 
change ll1 the dip brings the coal to the surface again, a little 
aboYt_l the Cheadle aIHl Froghall road. To the north-north-west 
t.lw coal lies close to the surface for some distance and crops out 
again about 200 yards north-east of Shaw House. It here covers 
a rather broad strip of ground, and at its base is a thin band of 
eannel shale eontallling compressed shells, mostly Uliruuniculu. 
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The sandstone is seen in the sides and bed of the stream for 
SOUle distance below the Cheadle road, after which it is faulted 
up and fragments are then seen in the hedge sides on the west 
side of the valley. 

To the south of the fault that crosses by "Woodhead Hall the 
black bass has been dug out to form the dam for the fish ponds, 
while fragments of the Kingsley sandstone cover the fields about 
vYoodhead Farm and Abbotshay. In addition, small sections of 
the sandstone are seen in the sides of the old tram line near the 
hall. Further south the position of these beds is for a short 
distance completely obscured by the belt of Bunter sandstone; 
but to the south of this strip the vYoodhead rock is repeatedly 
cut into by the small streams that rise about Hill-top to the 
north of the Alton Road. The outcrop workings of the coal can 
be traced over most of the area to the east and south-east of 
Cheadle. Close to the farm of Rakeway, on the Croxden Road, 
is a rather deep pit from which shale has been dug for marling 
the fields, and much coal is seen about the sides of this. The 
shale seems to be the Blackbass and the coal the vYoodhead, but 
this was not clearly proved. Beyond this the coal and sandstone 
pass under the Bunter sandstone. and their further course is 
unknown. 

In addition to the outcrop of these beds, which belongs to the 
Cheadle basin, there is a second outcrop due to a sharp syncline 
in the Churnet Valley, which corresponds to the endmg off of 
the large north and south faults of the Froghall and Ipstones 
area. The outcrops of the sandstone and coal on the western 
edge of this syncline are shown on the map. The coal can be 
easily traced owinO' to the numerous sections shown in the 
small streams t hat ~rain east into the Churnet; indeed, some of 
the oldest workings in the vYoodhen,d Coal occur in the neigh
bourhood of vYoodhead Hall, and the seam has derived its 
name from this fact. Of the many sections north of Woodhead 
Hall one of the most interesting is that in the streams due east 
of Thornbury Hall, where the whole thickness of the sandstone 
is cut through. The rock is, on the whole, less flaggy than 
usual, though it forms a succm;sion of features due to the 
presence of softer partings. In addition, parts or it are 
cemented by carbonate of iron or lime, and are then intensely 
hard. To the south of VY oodhead Hall the coal forms a small 
outlier on the crest of the small anticline that separates the 
main Cheadle ~ortion of the coalfield from that in the syncline 
to the east. This syncline has already flattened considerably 
before the red rocks close by are reached, and probably does 
not extend far under them. 

Deftl ils ot' the Woodhewl Coal. -This coal has an average 
thickness of about 2 feet 10 inches, and is of fairly good 
quality as a rule. Its extensive working is in part clue ~o 
thc na.ture of tho beds imme(liately above and below It. 
These form an excellent roof anel floor, and the cost of 
( imboring is \lIlUslwlly slllall. In this respect it contrastH 
strongly with the sealllS above, most of which have eit~er a bad 
tloor ur ruuf, ur boLh, amI the expense of timbering IS lUuch 
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heavier. The workings near the outcrop in the northern and 
eastern area are of great antiquity, and, as a rule, no tletails of 
them can now be obtained. In the western and south-western 
part of the coalfield, however, the outcrop is largely obscured by 
wash, and possibly by faulting, and, in consequence, the coal is 
mostly untouched. The most south-westerly portion of the 
outcrop occurs under the Bunter, and still less is known about 
it. 

The coal in the small detached area to the east lying 
in the syncline referred to above has been worked out. 
In the main basin, in the area north of the Dilhorne fault, 
most of the coal has either been won, or is in process of 
extraction by the Foxfield, the Hazel wall, Kingsley Moor, 
Parkhall, and Cheadle Park collieries. In the area inter
sected by the east and west faults to the south of Dilhorne, none 
of the coal has yet been touched, nor has any under the 
narrow strip of red sandstone at Cheadle. If the latter be 
worked, great care should be taken not to let the water in from 
this sandstone, as the workings all round might be flooded by 
the great quantity of water known to be present in that rock. 

To the south of these £1UltS in the Cheadle district, the coal 
has been won as far west of the outcrop as the Birches Colliery, 
where the workings were stopped by a large fault trending 
north-north-west not far from the shaft. About Cheadle Mill 
and Rakeway to the south-east of Cheadle, the coal deteriorates, 
and is apparently not worth working. 

In addition to the area beino' worked, there is thus left the 
whole of the coal south of the nilhorne fault, except the small 
part to the south and east of Cheadle. There must therefore be an 
area of at least two square miles still remaining. This cnlcula
tion is based on the supposition that in the southern area the 
coal crops out to the west as it does in the Foxfield area. But 
it is quite possible that this may not be the case, and the coal 
may continue on into the Potteries coalfield. The extent of 
the seams in this south-westerly direction can only be proved by 
boring. In any case the coal must be overlain by a greater or 
less thickness of Triassic rocks, which in this district contain a 
quantity of water, and may prove a considerable obstacle to 
further workings in this direction. 

4. Lower Pale Group. 

To the north of the Dilhorne fault and the tongue of Bunter 
at Cheadle, these rocks cover a consirlerable area, roughly quad
rangular in shape. The outel' 01' basal limit is practically the 
'Voodhead Coal, the olltcrop of which is shown Oll the map. 
A few small exposures occur on the western part of the coalfield 
south of Dilhorne, but the Coal-measures here are for the most 
part buried under the Triassic rocks. On the east of the Tean 
and south of Cheadle another fairly large area is composed. of 
these beds, but they are again buried under the Bunter in the 
vicinity of Huntley. 
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The greater part of the group is penetrated in the Foxfield 
shaft (see page 52), which starts practically at the Dilhorne Coal. 
This coal is some little distance below the top of the group, 
conveniently taken as the Four-foot Coal, and the top portion 
of. the group has never been :proved .. But by. the .aId of the 
raIlway cuttmg at Cheadle and mformatlOn obtamed m working 
~he Dilhor~:le Coal, the following section of the beds of this group, 
m descendmg order, may be given;-

Measures 
Coal (good quality) . 
Measures 
Dilhorne Coal (3 feet at Huntley) 
Measures - - - -
Alecs or Upper Stinking Coal
Measures - - - -
Foxfield Coal -
Measures 
Cobble Coal -
Measures 
Coal 
Measures 
Rider Coal 
Measures 

ft. in. 
120 0 

2 0 
60 0 
6 0 

190 0 
3 9 

65 0 
1 8 

196 0 
1 3 

55 0 
1 1 

95 0 
1 6 

125 0 

Exposures of this Group at the Hurface.-In the northern part of 
the outcrop of these rocks good sections are met with in several 
of the streams. Commencing with the one that flows bet'Ween 
Dilhorne and Cheadle at Parkhall, and ascending the eastern 
branch, a good section of the Dilhorne Coal is seen not far from 
the farm. The ~hole of the seam is not exposed, but the base 
can be accurately studied. It consists of a 9-inch hard band, 
containing films of soft coal and jet. This rests on typical 
clunch composed of fine sand grains cemented by a small 
quantity of argillaceous material. It contains rootlets and is 
devoid of bedding. A little above Park Hall Colliery some of the 
typical pale-weathering marly shales, the dominant constituent 
of the group, are seen. North of Pru'kfoot there is an almost 
continuous section for some distance mainly in this material; the 
softer part contains numerous balls of impure ironstone that 
weather to hollow cases. Just below Holleygrove is a thin coal 
(4 inches) with a hard band above and clunch below. Grey and 
dark shales are seen some distance further up, and these must 
be close above the Stinking br Alecs Coal, as from the account 
of the shaft there are no such shales till we reach this coal. A 
fault proved in the {iazelwall Colliery repeats this shale, and it 
occurs again in the stream, and about the roads close to Above 
Park, where the old workings in Alecs Coal can still be traced. 
The peculiar pale weathering of the beds of this series is well 
shown about the banks of the brooks in this neighbourhood, 
and a specially ~ood section occurs in the briokfield attached to 
the Hazelwall Colliery. The section here is grey shale, a few 
feet; Foxfield Coal, 18 inches; grey shale, 10 feet; sandstone, 14 
inches; with soft grey shale below. The grey shale is a soft, 
marly rock that falls readily to very soft clay; as already noted, 
it is the typical and most abundant rock in the series. 
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Starting aaain from Parkhall and ascending the west 
branch of the stream (Godley Brook), typical pale rock 
is first seen, and then the south - west bank is occupied 
for some dist1Ulce by the base of the Dilhorne Coal. 
Taking the right branch at Birchentielcls some low mounds 
are seen on the west side of the brook, which the spoil-heap 
shows were workings in iron nodules and possibly the thin 
continuous band seen in the banks of the stream. At the 
base of this band IlTe some much crushed shells resembling 
Cal'lJon icola. This bed (? No. 8 of the Foxfield shaft) is re
peated by a fault a little further on. The small seam of coal 
( ? No.9) is also exposed here. Abo,e this is soft sandstone and 
sandy marl for some distance. Below Hatchley a few feet of 
dark shale is associated with a curious rock, composed of mud or 
shale cemented by brown ironstone material. ~Where the iron is 
at a maximum the bed is intensely hard, and in addition contains 
threads of jet. This rock is violently cBntorted, but no actual 
fault was observed, though it lies almost in line with a fault 
proved further east. ~ 0 fossils were found in this rock, but it is 
worth a more careful search. After passing some more of the 
pale rocks a dark ~:hale is reached, and numerous pits are seen 
round about. These were sunk to the Alecs or Stinking Coal, 
the top of which is exposed in the bed of the stream. The dip 
which hItherto has been to the south-west now turns round gradu
ally to the south-east, and is at a rather higher angle. A little 
north of Dairy House the stream flows in a small gorge cut in the 
sandstone and shale above the Woodhead Coal. A fault crosses 
a little further north and repeats part of the series, for the Rider 
Coal is met with higher up the stream. Still higher up is the 
outcrop again of the vVoodhead Coal, underlain by the typical 
flaggy sandstone. The two small streams that flow down through 
the woods at Foxfield Colliery, and unite to form the west branch 
of Godley Brook, both giye good sections. In PearCl'oft and 
Foxfield vVoods the steady increase in dip as we go west from the 
colliery is specially well shown. At the shaft it is about seven 
degrees to the east, From this point it steadily rises till at the 
head of the little stream it is at feast twenty degrees in the same 
direction. This increase in dip is even better shown in the next 
wood to the south (Broomyclose -Wood), for here the section 
continues further to the west, and in the last rocks seen the dip 
is about forty degrees. In both woods the outcrop of the 8tink
ing or Alecs Coal is exposed with the be(ls below and above; 
while the Foxfield Coal also crops out in Broomyclose, about 300 
yards below the higher loop of the railway. To "the south of thi~ 
wood is it narrow plantation with a smarl stream flowing south 
to the fish ponds. On the west e(lge of this plantation a coal 
has reeently been cnt. opell in draining. From the nature of the 
dark shales H,ssoeiated with it this "hould be the \V oodhead, bn t 
its identity is doubtful. T t will he noted in examining the rocks 
in the woodR, and stillmore the shales further west, that many 
of the beds have a J;1ronounced red colour not observed in t.he 
rest of this are..'l. It IS possible that this is (lue to staining from 
t.he red rocks that once coyerecl the whole district. In the 
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streams that . rise abollt Kingsley and Kingsley Moor and unite 
on the east :"lde of Cheadle, numerous sectlOns of the lower pale 
series OCCllr, but they are disconnected, and the horizon in them 
is usually difficult to fix. In addition to the pale rocks, which 
are inciistinguishable from one another, the grey shale above the 
Stinking Coal is seen close to Harewood Hall, and the coal is cut 
open in the bank of the small stream, about 500 yards north
west of Booth Hall. At this farm a bed of sandstone makes a 
good feature that can be traced for some distance, and in a small 
pond close by is a little hmd of dark shale, said to be some 15 
feet above the Cobble Coal, and thus fixing the position of that 
seam. 

In the stream below Booth a thin seam of cannel shale occurs 
at several points, but its position cannot be ascertained from the 
sections of the shafts. I t should be some little distance below the 
Cobble Coal. Apparently the same bed is seen in the small 
sandstone quarry close to Shaw; it is here some eight feet above 
the sandstone. Numerous small exposures of the lale rocks 
occur on the sides of the fish ponds neal' Shaw, an a trace of 
coal seen on the edge of the most westerly may be the outcrop 
of the Rider Coal. 

In the stream that flows down from Hazlescross, past Kingsley 
to Cheadle, numerous sections occur, the most interesting being 
those associated with the coal seams. Those involving the 
\V oodhead have already been given. The Cobble Coal is twice 
seen. About Hazlescross it occurs about the bed and banks of 
the stream (see map), and is again repeated by faulting in the 
stream close to the footpath from Kingsley Moor shaft to Hazles
cross. 

Much further south another section is shown in the stream 
due east of Broadhay, which is as follows in descending order:

Pale marls. 
Coal, 1 foot. 
Cannel-shale, 1 foot 6 inches. 
Fireclay, 4 feet. 
Sandstone, base not seen. 

The cannel shale contains much bituminous matter, and 
parts of it can be lighted with a match. Ca1'bonicola and 
allied fossils occur in it, as in the Kingsley area, but they are 
much flattened. The beds at the southern part of the section 
are flat, but to the north they rise rapidly, marking the position 
of a fi1.irly large east and west fault. In the ditch on the north 
side of the long plantation that reaches nearly to Woodhead 
Hall, and close to the stream, the Rider Coal crops out for a 
considemble distance; it has been recently CHt open in draining, 
and shows well the imperishable nature of the cannel shale. 
Between this locality and Huntley numerous exposnres of the 
pale rocks occur both in the stream and in the brickfields, but 
unless there is SOllle special band present it is impossible to tell 
their exact horizon. The cntting at Cheadle Station exposes 
perhaps the most important section in the whole district. At 
the west end, and dipping west, are some sandstone bands in 
marly shales, the latter containing some ferruginous nodules. 
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These beds are succeeded to the east by a considerable thickness 
of pale marls, with a two-foot band of dark shale below. The top 
of this shale is somewhat indurated, and contains numerous 
fossils an account of which will be giyen in a geneml memoir 
on th~ North Stafiordshire Coalfield .. Below the ~lark shale there 
are some three feet of pale marl with another thin dark shale 
band at the base, resting on a coal seam. This is the Huntley 
Coal, and is about foUl' feet thick. Below the coal there is 
more pale marly shale containing little ironstone nodules, 
and having a seam of cannel shale at the base. Close to the 
cuttinO' on the north side are the old shafts (Majorsbal'll) put 
down to work the "\Voodhead Coal, but which were sunk only to 
the Alecs or Stinking Coal. The depth to this seam proyes 
clearly that the coal exposed in the cutting is the Dilhol'lle Coal, 
but it has thinned away so much that the fact has hitherto not 
been recognised. 

Details of the Coals.-The Dilhol'lle or Six-foot Coal has been 
worked out north of the Dilhorne fault. In the course of these 
workings a shaft at Old Engine Farlll proyed a small two-foot 
seam of coal, of good quality, about 60 feet aboye the Dilhol'lle. 
This fact is of importance, as a similar seam was lllet with above 
the Huntley or the coal of the Cheadle cutting. The Dilhorne 
Coal is thrown down by the great east and west fault; but, owing 
to the fact that this fault corresponds nearly to the oncoming of 
the unconformable Bunter sandstone, the outcrop of the coal 
does not reach the surface for some distance to the south of the 
fault. South of Cheadle, there being no Bunter sandstone, 
the seam again comes naturally to the surface, and is the bed 
seen in the Cheadle cutting. Owing to its diminished thickness 
it was not recognised as such; but, as stated above, the Majors
barn shaft shows that the Cheadle seam is at approximately 
the same height above the Alecs Coal as it is in the Foxfield 
shaft. The workings of this seam almost reached the Cheadle 
cutting, and proved it to be the Huntley seam. In working 
the Huntley Coal, a two-foot bed of good coal was met with corre
sponding to the two-foot seam in the Dilhorne area. Moreover, 
the Cheadle seam continues to thin towards Huntley, showing 
that the diminished thickness as compared with the Dilhol'lle 
area is what would be expected at Cheadle. Putting all the 
evidence together, therc can be little doubt the Cheadle cuttin&' 
or Huntley Coal is the same as the Dilhol'lle Coal. The obsene<\ 
dip in the railway cutting enables it rough estimate to be formed 
of the thickness of the beds between the Four-foot Coal, which 
crops out close to the Tean, and the Huntley seam; this 
must be somewhat less than 200 feet. The Huntley Coal was 
worked from shafts in the neighhourhood of Huntley, and 
followed almost to l\Ia.iorsbal'll. At the former place the seam is 
about three feet thick, but thickens slowly towards Cheadle. 
No faults of any size wcre met with, anel the beds clip about two 
inches to the ,ranI to the wesL-south-west. 

vVith the exception of the portion taken out in these workillgs 
the Dilhol'lle or Huntley Coal is intnet over the 1ll'easouth of the 
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Dilhorne fault. It must extend to the west of these old work
ings as far as a line drawn south from Dilhorne Church 
through Callow hill. South of the Cheadle road, it is difticult to 
say how far it extends to the south-west under the Triassic rocks ; 
but it must certainly cover altogether an area of at least four 
square miles, and have an ayemge thickness of about four feet. 

For some reason this Seil-m has been confounded with 
the Two-yard or Six-foot Coal at the top of the next group 
of beds; but the fact that the Dilhorne fault throws down to 
the south makes the idea impossible, and it is not easy to see 
how this view has been perpetuated. The fact that the 
Dilhorne Coal underlies the whole of the Delphouse area does 
not seem to have been suspected, and no effort has been made 
to work it.'" 

The next seam of any importance is the Alecs or StinkinO" 
~oa.l; the latter nn:me being applied from th.e sulphurous smefi 
It gIves when burmng. It has been worked m several places in 
this area near the outcrop. The most northerly workinO"s are 
near Dairy House, and south of Hazlewall; and by their ~d the 
outcrop can be traced for some distance. Some old shafts near 
Harewood Farm are said to have been in this seam, but no out
crop workings are visible. Traces of shallow pits are met 
with close to the Cheadle road near Harewood Hall, and trials 
of the coal were made close to the present Parkhall Colliery. 
It was here found that the underclay was so soft that it tended 
to swell up and close the workings, and the amount of timber 
required to keep them open was too great to enable the seam to 
be worked at a profit. In the neighbourhood of Foxfield and 
Dilhorne the coal has beeu worked to some extent, but the 
workings never penetrated far from the outcrop, showing that it 
did not pay to work at any considerable depth. 

South of the Dilhorne fault, in the Dilhorne area, a shaft was 
sunk which reached this seam at a depth of 50 yards. The old 
shaft lies on the east side of the Forsbrook road, and about 500 
yards west-narth-west of Callowhill1!'arm. T~e beds ,~ere found 
to rise to the west at the rate of 1 m 7. ThIS shaft IS of con
siderable importance, as it shows that the Dilhorne Coal cannot 
extend as far west as this, while the Woodhead must extend con
siderablv further. The coal in the shaft was of no better 
qUlllity than usual, and the amount taken out was small. 

Still further south, nothing is known of this se tm, as its out-
crop is entirely concealed by the Triassic rocks. . 

On the eastern side of the basin, near Cheadle, the outcrop IS 
cnt out for some distance by a fault proved in the Birches 
Collier~'; but, as already stated, the coal was reached in the 
lUajorsbarn shaft further west, where it was not considered worth 
working. Its outcrop was met with some 300 yards to the 
north-~lst of Huntley Hall, where it was worked to a small extent, 
Deino· locally known as the Four-foot Slack. But as usual it was 
not fullowed far in from the outcrop. 

* A boring has recently been put down south of the Dilhorne fault, to 
the X.E. of the Cheadle Gas Worb, ~Yhich has pierced the Dilhorne Coal 
and proved that it is thrown down by the fault, 
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The Snw,ll Seam8 between the Alecs and the Wooclhmcl Coal8.
Between the Alecs and Woodhead Coals, in the Foxfield shaft, 
four small seams were met with-viz., the Foxfield, the Mans, 
the Cobble and the Rider. Of these seams, only the Cobble has 
been worked to any extent. 

The Foxfield Coal crops out in Foxfield Wood, near the 
Foxfield shaft, and aCfain in the brickpit at Hazlewall. It 
has been proved in other shafts north of the narrow belt of 
Bunter sandstone, and appears to have an IIserage thickness of 
some 18 inches. The fact that it has been so little worked, even 
when close to the surface, suggests that it is of moderate quality; 
and it is doubtful whether it will e,er be worked, e,en when 
coal becomes much scarcer. It, lies between the Stinking or 
Alecs Coal and the ,Voodhead, as already stated, and its extent 
and position can be roughly inferred from the outcrop of these 
two seams. 

The },fans Coul.-This coal has not been identified at the 
surface, and there is no certain record of its ha,ing been worked 
anywhere. 

The Cobble Co(~l.-This seam is somewhat thicker than the 
two previously mentioned, and moreover is usually of good 
quality. It has consequently been more extensively worked 
where not too far beneath the sm·face. So far as can be 
ascertained, the principal drawback to its working is the fact 
that it passes insensibly into a kind of cannel shale, to which 
the coal adheres, and this renders it somewhat troublesome 
and expensive to work. Its exact outcrop cannot be fixed, 
but. in the northern part of the area thIS seam extends a 
little beyond the Kingsley Moor shaft; a line drawn from 
this shaft parallel to the outcrop of the Alecs Coal in a 
south-west direction gi,es a very fair idea of its extent and 
outcrop. To the south and east of Kingsley Moor the seam 
is just. below the surface at the disused Longhouse shaft, and 
the outcrop must occur on the east side of the present tramway. 
South of the fault shown on the map near Booth Hall, the olel 
shaft started just below the Cobble Coal, and the outcrop is at or 
a trifle west of the tram-line. It is not on at the old Laelywell 
shaft, but there are numerous traces of some very old workings 
near here that. must have been in this scam. Further south the 
ground is much faulted. and it is not possible to fix the outcrop, 
but the old disused pit known as Rimlllons, penetrated the coal 
at a depth of 14 yards from the surfiwe. From this point there 
is a considerable area more or less dotted over with small 
mounds, showing the position of the numerous shafts sunk to 
this coal. The mounds extend to the vVoodhead coal-staithes 
and some distance to the north, while they are bounded to the 
south-west by the little stream flowing past the staithes. 

The position of the coal under the narrow strip of Bunter near 
Cheadle is not known, but to the south of the town the seam 
has been worked near the surface, and traces of some of the old 
shafts can still be made out. From these the approximate outcrop 
shown on the map has been determined. No record of any 
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workings can be obtained further south till we reach the Eaves 
f~rm in the Huntley district, where the seam was worked for 
some years, and the outcrop workings, which can be easily traced, 
are shown on the map. It appears to have been followed some 
distance to the dip, and was I1st worked from a shaft about 50 
yards deep, sunk at the back of the cottages opposite Mobberly: 
but the coal was followed only for a short distance. That this 
seam was the Cobble seems certain; for on the east side of the 
field opposite Huntley Lodge gate a shaft was sunk to a depth 
of seven yards to a seam locally known as the Four-foot slack. 
From its thickness and character, this could only be the Alecs or 
Stinking Coal, for the Eaves Coal is exactly the proper distance 
below, and possesses exactly the character of the Cobble. It was 
from 18 inches to two feet thick. 

On the western side of the coalfield little is known of this 
coal. Owing to the hig'h dips to the west of the Foxfield shaft 
there is some doubt if it is the seam seen in a drain recently 
cnt open on the west edge of a small plantation, about a 
qucuter of a mile north-west of the bend in the road at Dilhorne. 
There is so much clark shale about this seam that it appears 
at first sight to be the '\Yoodhead, although so far as can be 
,lscertained it is too thin to be that layer, and an old miner 
of considerable experience considers it to be the Cobble. 

South of the Dilhorne fault the small shaft already referred 
to, west of Callowhill, shows that the seam extends some 
distance ,\'est of the Dilhorne and Forsbrook road; but further 
south nothing is known except that it must extend west of 
the Alecs Coal, but not so far as the '\Voodhead. 

Extent of the C1l1,vorkecl Coal.-The uniform good quality 
of this coal makes it likely that as thicker seams become 
scarcer it may be more eX'tensi vely worked. North of the 
Dilhol'l1e fault it extends over the whole area within the 
ontcrop of the Alecs Coal, and somewhat beyond. In the 
northern part it reaches to the road due north of Hazlewood 
Colliery. 

The seam occupies an oval basin, the longer axis of which 
lies north-north-west and south-south-east, and is about four 
miles long; the shorter axis being some two-and-a-halfmiles long. 
Cheadle 11es about the centre of the east margin of this basin, and 
only the hinge of the coal on this side has been worked. 

The RideI' Coal.-This seam is usually rather over a foot thick, 
and has a cannel-shale base. The outcrops of it have been noted 
already. It is thin and not easily separable hom the shale below, 
into which it seems to pass gradually; consequently, so far as 
can be ascertained, it has never been seriously worked. It 
obviously covers t.he same area as the Cobhle, lmt extends 
slightly further in all directions arollll(l ChelHlle. 

5. Upper Pale Group. 

This group of rocks is confined to the western part of the 
Clleadle coalfield. Their occurrence is limited to the north 
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by the large east and west t~'mlt that passes from Dilhorne to 
the north~rn edge of the Bunter at Cheaclie. This throws 
down or brings on these higher beds, and for this reason they 
are sometimes locally known as the "deep measures." To 
the east, the small stream flowing past Park Hall Farm 
and Brookhouses to join the Tean at Huntley, approximately 
corresponds with the outcrop of the Four-foot Coal, though 
this seam frequently crops out a little on the east side of 
the stream. To the west the outcrop of the Yard Coal has 
been proved under the Bunter sandstone in the Dilhorne area, 
and of the Four-foot in the Delphouse area, as shown on 
the map. But south and south-west of Delphouse, although the 
workings in the Yard Coal ha"e extended as far south as the 
middle of Huntley ",Yooel, nothing is known of the outcrop of 
the lower coals beneath the cover of red sandstone. 

The following section shows the thickness and nature of this 
part of the series:-

Section of the beds in the Delphouse are8, :-
ft. In. 

Clay 4 0 
Coal and smut 2 6 
:J[arl 8 6 
Hoach (8andy ~hal'j) streaked with sandstone 20 0 
Grey shale (falls to wet clay) 12 0 
Coal, the Two-yard 5 0 
Ouster coal and pricking 2 8 
Clunch - 6 1 
Roach and rock binds 18 4 
Fairly hard sandy rock, not bedded 27 0 
Getley coal (useless) 2 0 
Hock, compact sandy material 13 0 
Soft grey shale, hard black film at base oyerlain by shell 

marl band - - - - - - - - 7 0 
Coal, Half-yard 2 6 
Clunch - 6 0 
Roach and rock binds 16 0 
Hard white rock, black streaks 24 0 
Grey shale, falls to clay 12 0 
Black shale 0 6 
Coal, the Yard 3 9 
Fireclay 1 G 
Hard clunch - 6 0 
Rock 15 0 
Very hard white rock - - - - - - 8 0 
Grey shale (scam of dark fmsiliferouR shale at hase') 19 0 
Coal, the Litley :2 n 
Pricking, 3 in ; Ouster coal, 2 ft. 2 3 
Grey clunch - 6 0 
Rock 12 G 
Grey shale 14 9 
Coal, the Four-foot 3 6 

Total - 282 0 

A great drftwbftCk to the working of the coals in this part of 
t he series is the soft nature of the beds associated with them. 
\Yhile some of them haye a fairly good roof, nearly all have a 
h:ld floor, formed by the white or pale measures already referred 
to. Even when dry this is soft, and tends to swell up and close 
the workings, partlCularly whcn water is enconntere(1. Owing 

63;7 c2 
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to the great extent of " Old :Man" referreu to above, it is at times 
almost impossible to keep the water. out. 

Two-Ya1'd Coal.-This seam, which is about five teet thick, has 
been cut through in the siding from the Delphouse pits to the 
Cheadle rail way, and from this point it can be traced to the margin 
of the Bunter on the hill above. Its outcrop under this sandstone 
was met with in the railway tunnel, and a little further south it 
must tum round and trend north toward the fault close to the road 
from Cheadle. Although the beds are thrown down to the north 
by this fault, the Two-yard Coal does not occur over much of the 
strip north of the road, as it is cut out by an old pre-Triassic 
valley. It is doubtful if there is any of this coal north of the 
next east and west fault. 

The coal itself, though thick, is of poor quality, and the greater 
part of it has been worked out. Of the patches left it is probable 
that much is unworkable owing to their water-logged condition. 

The Hc(l/-Ya1'd Coal.-This seam varies somewhat in thickness, 
but the average may be given as t,vo feet six inches. It is of fail' 
quality. The outcrop south of the Cheadle road and east of the 
Bunter is shown on the map; but only the southern part of this 
can be ascertained from evidence at the surface. A section of the 
seam is seen above the mouth of the railway tunnel, where the 
hard black band with fossils could be recognised when the cutting 
was first made. This layer forms a fairly good roof to the workings, 
but the floor is of the usual soft nature. South of the cutting 
the outcrop passes under the Bunter, and no reliable evidence 
could be obtamed as to how far south this seam extends; but, as 
in the case of the Two-yard, the outcrop must turn round some
where under Huntley "Vood, and then trend north; for the 
proved outcrops, under the Bunter, of the Yard Coal show that 
this seam cannot extend far beyond the ridge above the Delph
house pits. Over this area south of the Cheadle road much of 
this coal has been got out. There are patches left, but no plans 
of these older workmgs can be found, if they ever existed. North 
of the fault the coal is thrown down about 20 yards; and, except 
in the pre-Triassic vallev referred to above, the outcrop under 
the sandstone must extend further west. But there is good 
reason to believe that most of the Half-yard Coal has been worked 
out in this strip. Further north, so far as could be ascertained, 
only small patches of this coal are left, the bulk of it having 
been taken out. 

The Ya1'd Coal.-This is the best seam in the series, and con
sequently has been extensively mined. The outcrop, as far as is 
known, is shown on the map. On the eastern side, south of the 
Cheadle road, there is a double outcrop due to a fault that throws 
down some 35 feet, and may be seen in the cutting at the entrance 
to the tunnel. The area over which this coal extends is divided by 
f;1Ults into four parts. The first and most northerly of these 
lies immediately south of the Dilhorne fault, and a considerable 
ntl III bel' of pits were sunk to it, the remains of the more recent 
of which can still be seen. No record of the oldest, near the 
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eastern outcrop, can be found. Close to the edge of the Bunter, 
at the Dale, south of Dilhorne, a shaft was sunk, from which 
this seam was followed to the outcrop under the sandstone, and 
therE seems no reason to doubt that it has been worked out in 
this strip. . 

In the next strip several shafts were sunk, and one of these is 
still open. The coal to the east has been won, but whether the 
coal has been followed from the open shaft to the outcrop under 
the Bunter, I have been unable to ascertain. The fact of the 
pit being left open suggests that this was not the case. 

The third strip lies between two faults. Close to the four 
cross roads a shaft was sunk to a depth of a hundred yards to 
the coal, which was taken out on the rise or west side. On the 
dip the workings do not extend far, and there is a strip left, the 
exact size of which could not be ascertained. 

In the area immediately south of the fault at the Cheadle 
road much of the coal has been won; but further south, beyond 
the Wonder Pit, much of the coal is left. It is impossible to 
say how far south of the Draycott Cross ridge the seam extends, 
as nothing is known of it; on the north side of the ridge it 
has been worked to some extent, but the workings are old, and 
no plans could be found. 

The Lilley (~nd the Fmw-Foot Co(ds.-These seams have been 
mined to a considerable extent, but the workings are rather 
scattered. As the coals are of rather poor quality they do not 
seem to have been followed where difficulties were encountered. 
Close to Parkhall Farm a shallow shaft was sunk to the Four
foot, and it was followed to the fault already referred to as seen 
in the tunnel-cutting. On the opposite side of the stream these 
coals lie in a trough, and though they have been followed in from 
the outcrop on both margins of the trough it is not possible to 
find out exactly how far they have been worked. On the south 
side of Cheadle much of these coals has been won for a certain 
distance south of the fault, but beyond the Wonder Pit little is 
known of them, and they have probably not been mined. 

The question now arises, how far south do the Yard, the Litley 
and the Four-foot extend under the red sandstone and marls? As 
the map shows, the seams lie in a syncline the axis of which 
trends roughly north and south. This syncline is tilted 
up towards the south, thus producing a horse-sh0e shaped 
outcrop similar to that of the Dilhorne Coal to the north. If 
:his tilting of the syncline continues toward Tean, as the position 
of the Huntley, Cobble, and Woodhead seams appear to suggest, 
then the lower seams of the upper measures cannot extend beyond 
the south-east end of Huntley Wood. The Coal-measures in this 
district, however, so often suddenly change their dip that it is 
possible that these seams may continue further to the south
en,st, although it is not likely. 
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CHAPTER III. 

TRL\.SSIC ROCKS. 

In addition to the Carboniferous rocks already described, there 
are present in this district cert'lin sandstones and marls whieh 
belong to the Triassic formation. These rocks are for the most 
part of a reddish colour, and are consequently often known as 
the red rocks. Theil' occurrence is partly dependent on the 
extent to which the older series had been prenously denuded; 
for these Triassic rocks are largely of the nature of deposits in 
hollows in the Carboniferous strata. The Triassic rocks rest un
conformably on the latter, and the map shows at a glance how 
great that unconformity is. 

The Triassic rocks in this area may be conyeniently separated 
into the following sub-diyisions in descending order :-

3. Red marL } IT 
~eu er. 2. Sandstones and marls. p 

1. S,tlldstones, more or less pebblY,} 
with massed shingle beds or 
conglomerate near the top. 

Bunter. 

Bunter Sandstone and Conglomerate. 

This division consists of moderately fine-grained sandstones 
with a rather thick and, over most of the area, persistent bed of 
conglomerate or masses of pebbles in the upper part. The sand· 
stone itself usually contains some pebbles, but on the whole 
these are far less numerous here than in the Bunter of the 
Churnet Valley, or in the typical Bunter of this part of the l\iid
l.1l1ds. This comparatiYe absence of pebbles can be noted in the 
hill at Cheadle where sections are numerous; the well sunk 
in this hill did not pass through a single one of the wedge~, 
of grayel or conglomerate that characterIse the typical Bunter. 
The same is true of the sandstone to the east and south of 
Cheadle, but to the west pebbles are more numerous, and a few 
sl~l<111 conglomerate wedges occur about Dilhorne and also in the 
lull oyer the northern mouth of the railway tunnel. Even here, 
howeyer, the shafts to the tunnel showed that the bulk of the 
ruek was compamtiyely free from stones. These shafts also 
showed that much of the sandstone is almost white when UD
weatherCl1. 

The Bunter forms a horse-shoe shaped escarpment facing 
Cheadle from all points. There is a projection, however, hom 
this escarpl\lent, on the east, where the Bunter fills an old pre
Trias:sic yalley, and the end of this projection forms the hill at 
the foot of which the northern part of the town stands. 

~Y((t/[)'(/l OutCl'opl"i.--Ac, alrel.dy ~tated, sections of the Bunter 
arc lllllllCl'?llS al:ont Cheadle, especially along the high road. 011 
t he west s1(lo ot the horse-shoe shnped outcrop goou exposures 
oel.:lll' at l>ilhornc allll abo at the Madgedale Flt~m. A cutting 
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occurs in the Cheadle Road further south, and there is a con
siderable amount of bare rock in the face of the escarpment 
above the Delphouse pits. A cutting occurs on the Uttoxeter 
Road at Huntley, which shows one rather gravelly band, while 
the rest of the beds are comparatively fi'ee £i'om stones, the few 
that do occur being distinctly small. The dip can be accurately 
fixed here, and is about one ill fifteen in a southerly direction. It 
it:! not easy to S11}" if this is a deposition dip, or the result of 
slight moyements of Lt tel' l1ge. :Snlllll sections are numerous all 
alollg the escarpmellt further east and north-east, but the down
,msll !.:t'reath" obscures much of the hill face in this area. Speci
all,. good se'ctions ag'ain occur on the road to Oakamoor, both 
as~ending the hill a~d descendillg it to the Churnet Valley. 

The unconformity between the Bunter and the underlying 
C;uboniferous rocks is obyious from the map, but there are t-,","O 
c;\ses in which it is speci;tlly interesting. The first of these is 
cOllnected with the long narrow e;lst ;\lld west strip of sandstone 
Oll which Cheadle partly stands. The well at the top of the hill is 
suuk some feet below the level of the stre;tlll to the east of Lhe town, 
yet does not reach the base of the Bunter. EYen the cellars of the 
houses on the north side of the High Street of Cheadle are 
entirely on the reel sandstone; while the Carboniferous rocks are 
at the "surface on the south side of the street. The openings for 
the town drains showed conclusiyely there was no fault between 
the two formations, but that the sandstone clearly lies against 
the steep side of a pre-Triassic yalley; the htse of the valley 
being far below the level of the roarl. This valley slopes in an 
easterly direction, joining a much larger old ;·alley somewhere 
;(bout Oalmmoor. The sandstone at Cheadle IS, therefore, con
nected with that of the escarpment, and acts as a great water 
clmnllel, conducting much of the r;tin th;tt falls on the latter to 
the bottom of the deep s;tnd-filleel hollow at Cheadle, ltnd thus 
brings an excellent supply of water to the town. The ground 
about a mile or rather more north-west of Oakamoor, where the 
base of the Bunter rises and f;dls repeatedly, also shows the 
extremely irregular and hilly surface of Carboniferous rocks 
on which the Bunter rests. 

In driving the Cheadle tUllllel :t curious rock was mot with 11 t 
the b;\se of the Bllnter, which is not seen at the surface. It 
consists of two beds of conglomerate separated by a thin marl 
parting. The beds, which are each some 25 feet thick, are composed 
of :mbanguLtr stones cemented together by it markedly calcareous 
matrix. 'Vere the pebbles a little more angular, it would pass 
well for a so-called Permian breccia. There is no discordance 
between this material and the rocks above, of the normal Bunter 
type. The calcareous rock evidently thins away before reaching 
the outcrop facing Cheadle, and is to some extent overlapped 
by the nornml Bunter. In the hedge side, bordering the 
alluviulll at Cecily Mill, to the east of Che;ldle, is:t mass of slt11t11 
ang-uhr pehbles, which may rel)re,~enL the same material with 
the lime dissoh"ed out of It. t is not possible to speak COIl· 

fidently of this obscure outcrop, but the stones are exactly like 
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those of the calcareous rock, and quite unlike those of the 
ordinary Bunter. 

Close to the top of the Bunter, and, so far as is known, restricted 
to this area, is a curious deposit of massed shingle beds or 
conglomerate, which is quite unlike the wedges of conglomerate 
so ablUldant in many parts of the typical rocks. The latter are 
essentially discontinuous; while the former, as the map shows, 
form a continuous deposit over a very large area. The 
stones in it are the typical Bunter pebbles, and are well
rounded and pitted; but the pitting is not so common. There 
are thin bands of whitish &l.lldstone in the conglomerate, which 
though only two or three feet thick are continuous ~or some dis
tance. In many cases they become stony, the proportIOn of stones 
increasing till the bed passes to conglomerate indistinguishable 
from the rest of the rock. These massed shingle beds are exten
:::iycl)' quarried for road-metal, their principal component being the 
'lu:utzite, which forms so large a proportion of the Bunter pebbles. 
This quartzite forms a very good road-metal 'when not mixed 
with too large a proportion of softer material. The principal 
quarries are at Callowhill on the western escarpment, further 
~outh on the hill top overlooking the Delphouse pits, in the 
b.'~-road that leaves the Uttoxeter Road at Huntley, and on the 
crest of the hill at every road going in an easterly direction out 
of Cheadle. There is also a long bare exposure of these gravels 
at the crest of the Oakamoor Road, which forms a feature in the 
scenery that can be seen from a great distance to the west. 

It will be noted that if we stand on the top of almost any 
part of the Bunter escarpment these shingle beds keep at almost 
exactly the same height above sea-level over the whole area. 
The only except.ion to this occurs in the by-road referred to 
near Huntley, where the bed rapidly descends, but whether from 
:t hult, or because it is sloping down into a deep pre-Triassic 
\":l11ey that apparently exists further south near ~ean, it is 
difficult to say. 

As we recede from the summit of the escarpment in a southerly 
(lirection these beds slowly sink, and giye the Impression that thIS 
±'<Ill is clue to original deposition. As they do so, the sandstone 
partings appear to thicken at the expense of the shingle or 
cong-lomerate. 

~\:boyc these massed shingle beds is a thin band of sandstone 
th:lt is rarely well exposed; partly because it is very soft and 
<':'si1y decomposes; partly because if it occurs in a hill-face it is 
covered with dowllwash. It would be more convenient to take 
the top of the Bunter at the summit of the gravels; but as these 
arc so local it would raise great difiieulties in aqjacent areas. 
Imlllediately above this soft band we reach more coherent 
material wliich b extensively quarried, and this is taken as the 
h:lse of the next division of the Trias. 

Keuper Sandstone. 

Above the band of easily decomposing sandstone just referred 
to there arc a series of Leds of sandstone of a different nature. 
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The grains of which they are composed are, on the whole, dis
tinctly sharper, and partially cemented by iroJ?- oxide; while 
the beds tb.emselves are more coherent, and m consequence 
are often quarried for building stone. Thou~h comparatively 
free from pebbles in some parts of the area, they are markedly 
pebbly \is we approach the old pre-Triassic land surface in the 
Oakamoor area. But the pebbles are not nearly so rounded as 
in the Bunter, and there is good reason to believe that they are 
rarely, if ever, pitted. The pebbles give the impression of 
being either Bunter pebbles eroded under conditions not specially 
favourable for the production of a markedly rounded form, or 
else they were derived from the same source as the Bunter 
pebbles but under slightly ditferent conditions. The pebbles in 
both the Keuper and the Bunter are essentially composed of the 
same material, quartzite being of course the most abundant. 

The Keuper sandstone in this area varies much in different 
localities, accordin&, to its proximity to or distance from the old 
htnd surface. In tlle Oakamoor area the sandstone contains much 
oxide of iron cement, and numerous pebbles. The latter occur 
both scattered through the rock and also as thin bands of massed 
pebbles; which, though rarely more than two feet thick or perhaps 
less, are very persistent, and cemented together more firmly than 
the massed pebbles in the Bun,ter. These features are well seen 
in the head of Ousal Dale, and again in the hill face due north of 
this valley where the sandstone is quarried. Another quarry at 
the same horizon in the sandstone has been opened on the crest 
of the hill near Threapwood Head, on the opposite side of DiIll
mings Dale, where the rock is almost ii'ee from pebbles, and is a 
fine-grained compact sandstone, forming an excellent building 
stone, which the quarrymen assert is the same rock as the 
Hollington stone. No lines of massed pebbles are seen here, on 
the contrary the only persistent parting in the sandstone COll

sists of fine red marl. The sandstone round about this distriet 
possesses a peculiar mode of weathering, forming nubbles or 
small hillocks that project from the general surface of the ground. 
This peculiar mode of weathering. may be due either to the 
irregular hardness of the sandstone, or to the uneven surface 
on which the overlying marl once rested. The latter is 
probably the true cause, as the marl here rests on a very irregular 
surface of Keuper sandstone. These surfaces can be met 
with at intervals as far south-west as Gorstyhill, a little north 
of Tean. 

Both in DimminO"s Dale and in the smaller valley that trends 
south towards Holfington, the Keuper sandstones retain their 
hardness, and often form bold crags such as are never seen in the 
Bunter in this J;larticular area. These crags are a well-known 
feature of Dimmmgs Dale, and indeed give the character to the 
Dale. A specially bold crag occurs on the south end of the 
tongue of sandstone that projects into the marl area south of 
Alton Common. Pebbles are fairly common, and thin lines of 
massed rebbles also occur here, but they are not so prominent as 
in Ousa Dale nearer the old land surface. Further south another 
conspicuous crag is seen above Lightoaks Farm, where the pebhles 
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are in still smaller quantity. Further west the Keuper sand
stone is not recognisable till we reach the ground on the south 
side of the Cheadle Tunnel. Here the beds are usually softer, 
and contain only minute and scattered pebbles in certain parts 
of the rock. ~Iuch of the stone is white when unweathered, as 
shown by the material taken from the shaft near the tunnel. 

In a nmnber of old marl pits to the west of the road to Dra1'
cott Cross, near the old shaft, soft marly sandstones associated 
with marly partings may be noted. These form a kind of passage 
from the sandstone below to the marl abo1'e and are included 
with the fanner. ~ 0 such passage material occurs in the eastern 
area just described. 

Keuper Marls. 

Those marls are of the usual red colour and character so well 
known in many parts of England. They are confined to two 
parts of the present area. The first, which lies between two 
faults, occurs about Cresswellford and Draycott; the second is 
shown on the south-eastern edge of the map, south of Altou 
Common. About Cresswellford the marl contains at times the 
typical hard thin skerry sandstones with casts of crystals of 
rock salt. It passes insensibly to the uuderlying \Vaterstones 
by a gradual increase in the amount of soft red marly sandstone 
present in the lower part of the marl. 

The relation of the marl to the Keuper sandstone is different 
in the area of Alton Commoll, where there are no passage beds 
of any importance. Indeed, in this area, near tbe old pre
Triassic laml area, there is a distinct local unconformitv between 
the marl and the llllderlying sandstone. An excellent example 
of this unconformity may be seen in an old marl pit, near 
the farm on the south side of Threap \Vood, where a nose of sand
stone projects into the horizontal marl. Moreover, small patches 
of marl are often seen lying between the projecting nubbles of 
sandstone referred to above. On the north-east side of the bold 
crag, south of Alton Common, the marl appears to be banked 
ag·[tmst a cliff of Keuper sandstone. The junction at first sight 
:oiug-gests a fault, but no evidence of faulting was found on tracmg 
this jUllction on the ground. 

In both districts numerous pits have been opened in the marl, 
awl as might be supposed these are most numero"us in the 
llcighbomhoOlI of the flry sandstone areas. 
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CHAPTER IV. 

PLEISTOCENE AND RECENT. 

Glacial Drift-Boulder Clay. 

The distribution of the Boulder-clay, or true Glacial-drift, will 
be best understood by the statement that all but the margins 
of the Cheadle t,tble-l,tnd are now practically free from thi<i 
deposit. To the north-west of the area true Boulder-clay OCC1ll'S, 
and this forms the taper end of the gTe,tt sheet of Drift that 
extends from the Cheshire Valley. About the head of the 
Con<iall Valley thi<i Drift is not "thick enough to map, but 
north of the "illage it gradually thickens, though eyell here 
the outcrop of the grits is clear. Still further north, about 
P,1rkhouse, the Drift is thick enough to completely obscurc 
tho westel'll outcrop of the Third Grit, and in the former 
<iIUTOY of the di<itriot this bed was missed. Foreign boulders 
are f1lidy abundant in the Drift here, the more comlllon beiug 
fragments of Eskdale and Ennerdale granite, and the ash-rocks 
of the Lake District. Of the smaJler pebbles by far the most 
common are the greenish greywacke, which probably comes 
from the southern part of the same district; but their origin 
h,1s not been satisfactorily traced. The boulders lllay be 
examined in it little disused brick-pit close to the Consall Village 
road, and about quarter of a mile east of ,Vetley Rocks. On tho 
edge of the by-road to Folly and Parkhouse farllls, to the north 
of the pit just referred to, a small heap of fragments of tho<ie 
Lake District rocks gives an excellent <iample of the more 
abundant types of these foreign boulders. 

A very small patch of typical Boulder-clay occurs to the wo,t 
of Dilhorne, on the extreme edge of tho area here described. 
It forms a part of a small isolated deposit of Drift that has 
been banked up against the east side of the hill of Bunter 
s1mdstone. At the edge of the map, at Forsbrook, another small 
patch of thi<i material occurs, which i::; also the edge of a good
sized mass of Drift to the west. 

Donb(f'lll DI'I"ft DeJw8d",.-Bunter pobbles occur morc or less 
ahundantly oyer tho whole of tho area described; hut it is 
ll()ubtful whothor these pebbles should be claimed as a true 
glacial deposit or 11,1'0 merely the stones left after the clay matrix 
had been washed away. 

Every gradation is mot with frOIll isolated pebbles far apart, 
and which would almost oscapo notice but for artificial opeulIlgs, 
to a deposit at tillles three feet thick composed of clay crowdell 
with Bunter pobbles, but cont'lining no far - travelled rock 
fragments. The yiew that they ~,re simply a remnant of the 
Bunter that onco un<louhtedly ooyere<l tho wholo area, seems 
yory unlikely whon thoir position is noted, for in SOllle cases 
these pebhles occur on tho Koupor sandstone which contains no 
such well-rounderl pebblos. They must, in such cases, haye been 
distinctly liftorl up to some ex.'tollt in order to occnpy the 
position in which· they aro now found. 
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A kind of connecting link between this wash-like stony 
material and the more normal Boulder-clay occurs in the long 
hollow through which the by-road passes from Dairy House to 
the farm north of Bank Top, in the north-western part of this 
area. The deposit seems to continue for some distance down 
the main valley keeping on the west side of the stream. It 
appears to merge into the typical" wash" so abundant in this 
dIstrict at the foot of long slopes. Blmter pebbles are abundant 
in the higher part of the deposit about the road, but they appear 
to decrease steadily close to the stream. \Vhether this material 
is a true glacial Drift or not is difficult to decide. It is difficult 
to believe, however, that it is not in some way connected with 
the breach or hollow in the outcror of the grit that occurs at 
the fault shown on map. It is pOSSIble that either the ice sent a 
~mall tonaue through here, or more likely still that a small 
~ub-glacia1 stream carried the material through this hollow as the 
only means of egress of the water. 

Another small area where these pebbles are present in great 
numbers occurs on the west side of the stream above the Cheadle 
Gas Works. 

On top of the Bunter table-land here and there are small 
patches of clay material containi~ pebbles, many of which lie 
with their longer axes vertical. These deposits are not usually 
more than a foot or two thick, and can rarely be deLected unless 
exposed in some artificial opening. Two instances of this 
material may be noted, the first at Callowhill, south of 
Dilhorne; the other at the small pit at Rakeway Head, south
east of Cheadle. A little south of the last pit there seems to be 
tt similar deposit of clay on the rising ground at Cheadle Common; 
but there are no good openings in thIS. 

On the Keuper sandstones to the north of the Alton Road, 
well-rounded pebbles occur scattered over the surface of the 
S'Tound. These have undoubtedly come from the Bunter, for no 
such pebbles occur so high up in the Triassic rocks as this. 

A possible explanation of the phenomenon of the occurrence 
of these Bunter pebbles unaccompanied by any far-travelled 
boulders is. that they were collected from the Bunter on the 
immediate margin of this area (west and north-west) and were 
entangled in the upper layers of the ice sheet, while the far
travelled boulders were buried at lower levels in the ice. On 
reaching the margin of the table-land, owing possibly to waning 
strength of the movement of the ice, only the upper layers 
cont.'tining the locally-collected Bunter pebbles, were d-riven over. 
In a few places on its north-west margin, however, the lower 
layers were forced over the edge of the higher ground, and here 
alone the foreign boulders are found. 

AI'e(~ East of the Clmrnet.-To the east of the Churnet, the 
distribution of the boulders of Millstone Grit seems to show 
clearly that the whole district was once covered by a moving ice 
sheet capable of transporting large blocks of stone considerable 
distances. In this district many of the walls of the fields are 
built of blocks of the First and Third Grits. These are often a 
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considerable distance from any outcrop of these rocks, and the 
shape of the stones in the walls is conclusive that they are 
broken up loose blocks, and ha,8 not been obtained from a quarry. 
A little consideration of the amount of material required shows 
how numerous these blocks ot' grit must have been before 
the fields were cleared. Such blocks are still numerous 
in the beds of the small streams from which, on account 
of their weight, it did not pay to lift them. The most con
clusive evidence that these grit blocks are really a form of 
O'lacial Drift was shown in quarrying the fireclay below the 
Crabtree Coal close to the small stream below the little lane 
at the south end of Ipstones. Here the sloping surface of the 
rock in the bank-side is co,ered with a curious clay containing 
large blocks of grit, though these are not so well rounded as 
one would have expected. This deposit is overlain by wash, 
several feet thick in some places, with no grit boulders in it. 
The grit-bearing clay is thus older than the wash, and as the 
grit blocks have travelled some distance, the deposit is probably 
:. true boulder-clay. There is, however, no deposit of similar 
clay on the flatter ground above the hollow in which the stream 
runs, the grit blocks alone being met with. 

Patches of clay with Bunter pebbles occur here and there ill 
the ~ently-sloping hollow between the old Whiston Works and 
Shirley Common, and though in some cases it is fairly easy to 
define the limits of this material, in many places it was impossible 
to do so, for it tails away till it is either too thin to map or 
disappears altogether. A small pit in this clay occurs close to 
the high road to the north-east of the works; while a much larger 
one is seen on Shirley Common where the ~Whiston Road 
crosses the Caldon Low Tramway. Part of' this latter clay 
rests on a Grit, below the Third-grit, and from its position and 
composition can scarcely be of the nature of wash. Indeed it 
is difficult to see how this can be anything else than true glacial 
Drift. This, as noted above, leads to the conclusion that the 
Bunter pebbles scattered over the entire country are the remains 
of glacial Drift from which all the softer clay matrix has been 
washed away. 

Rain Wash. 

Anyone familiar with the north of England or Scothnd can 
scarcely f;til to be struck with the amount of wash or material 
that has been accumulated in this area at the foot of slopes, 
even when these are at a comparatively low angle. Though this 
material is present in the more northerly districts, it does not 
attain anytfling like the thickness observed in this part of 
~taffordshire. It is derived partly from the soft shales and the 
Drift, but more especially from the Bunter, in which latter case it 
n bscures the base of that sandstone. It also causes at. times a diffi
culty in fixing the limit of the alluvium, for the very tine material 
ot' which it is composed is washed down over the edge of the 
equally fine alluvium, and conceals the true junction of this 
WIth the rock slope or Drift. It strongly suggests that the 
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glaciation of this area must ha,e ceased, and more modern 
conditions of denudation begun nmch earlier than in North
umberland and Scotland. As the remarks on the doubtful Drift. 
show, this wash often bears a yery close resemblance to the 
chv in which the Bunter pebbles occur; in most cases it is 
this resemblance that raises the doubt whether the stony clay 
is true Drift or not. 

Alluvium. 

Only in the bottom of the Chu1'llet Valley does the alluvium 
attain any size. In the case of all the other streams it is so 
slIlall as to be scarcely worth showing on a small scale map. 
E\'en in the case of the CllUrnet, where the river flows through 
the gorge-like hollow north of Consall Forge, thc alluvium is 
almost too nalTOW to map; and fLll'ther south as far as Froghall. 
it is still narrow as a rule. To the south of Froghall and to the 
north of the gorge, it attains some considerable breadth. This 
is <lue to the rocks of the valley being softer, and in consequence 
a deeper and broader hollow has bee11 eroded. In addition the 
material of this alluvimn is a ,ery fine water-tight silt, and 
essentially of the niltme of a material filling uI? a hollow, rather 
tlutn the usual s,md and grayel seen where a nver is eroding its 
llase. This is specially noticeable in the case of the northern 
area, where the Chul'llet has siltod up what is practically a long 
lake-like hollow extending far to the north past Cheddleton, 
Leek, and Rudyard. 

T61'J'aces.-In its passage through the gorge the Churnet has 
formed a few yery narrow river-terraces, but these strips have 
boon so much interfered with in making the canal and the 
railm1Y that they are now scarcely traceable. 
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CHAPTER V. 

'YATER SUPPLY. 

A Iarae quantity of water Clm be obtained in this are:t from 
both th~ T1'i;1.ssic sandstones and the jIillstone grit, as proved by 
shafts :tnd borings. The geological sUlTey of this district enables 
llS to fix on certain places specially suitable for borings or sink
ings for water. 

T)'iassic Water Snpply. 

The town of Cheadle is supplied with water obtainefl 
from a well sunk through the Bunter s:tndstone that forms 
the rising' gTOlll1d at Cheadle. The well is sixty-five yards 
(leep, and the base of it is some yards below the bed of 
the stream at Cecih- Silk Mill, which lies a little cast of the 
10wn. . The ,rell d~es not re:tch the base of the Bunter, 
\\' hich tills an old pre-?,riassic steep-sided valley. This vallcy 
has bcen prm-ed to contmue to the east, and the rock that forms 
t 'headle Hill is continuous with the main lllass to the south-cast 
This narrow valley tilled with porous sandstone acts as a great 
WItter channel carrying a considerable portion of the rainfall 
on the Buntcr escarpment aroa to the base of the well at 
Cheadle. In order to test the amount of water available the 
pumps were worked continously for fourteen days, pumping at 
the rate of 120 gallons a minute, without lowenng the surface 
of the water more than about two feet. 

Immedi:ttcly south of the Cheadle Railway Tunnel the Bunter 
lies at some distance below the surface, being let down by the two 
trough faults which are sh~wn on the map. Not far from the 
tunnel a shaft was put down III search of coal, but the quantity ot 
water met with was so great that after passing through the Keuper 
sandstone, a few yards only of the Bunter WfLS pierced before the 
work had to be abandoned. For a considerable distance from 
this shaft, both in a north-western and south-eastern direction, 
between the two trough faults, a large quantity of water could bo 
obtained, especially near Tean where there are indications of a 
loc;dly deeper pro-Triassic valley. 

N ear tho fa,co of the horse-shoe shaped escarpment of the 
Bunter not much watcr is usually met WIth, because the surface 
of the unclel'lyiul;\' C;1.rboniferolls rocks usually slopes away from 
the escarpment, but further away from this of course the amount 
of water will steadily increase. 

As might be expected, strong springs issue from the Bunter, 
where the base of this rock descends to the bottom of the 
l'hnrnet Valley, as about Oakamoor and fmther to the north
wcst about Klstwell. About Alton the base of the Triassic rocks 
must be flU' below the level of thc river, and an abundant water 
sup~ly would be available; but some recent trials suggest that as 
the frias in this area is largely capped with red marl, the wr:ter 
Jllay contain llluch sulphate of lime, and be unduly hard. 
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. Mill.~tune Grit t:1npply. 
The old shafts sunk in the nEighbourhood of Ipstones proved 

the presence of large quantities of water in these grits, especially 
t he Third. These grits slope down toward Froghall in the 
Churnet Valley. A shaft or boring put down in the vicinity of 
the bridge, or anywhere between the two parallel faults bounding 
the Ipstones Yalley, would tap a large volume of water which 
would pI:obab~y rise to th~ surfact', as there ~ust be a strong 
head of It owmg to the hetght of the gathermg ground above 
Froghall. The First Grit has a large exposed outcrop to the 
north and east of 'Yhiston, so that a copious supply could be 
tapped again in the Churnet Valley by a shaft or borehole put 
down due south of Dustystile. There is no doubt that the 
water would rise to the surface here, for a borehole at least fifty 
feet above the li,er anel close to the little stream on the east 
side of 'Voodheael House was put down to this grit, from which 
th~ ,-vater has poured out at the surface for years without inter
mISSIOn. 

About Consall Forge and Consall Valley, to the west, similar 
g·ood sites can be selected for obtaining water from these grits, 
for there lIlust be a large amount banked up against the west 
side of the 10ng:Jault trending north-north-east which passes 
close to Consall ~ ew Hall. 

The faulted nature of the country greatly aids at times in the 
circulation of water underground, and an excellent illustration of 
this occurs to the north-north-east of Fmt. The Third Grit is 
faulted against one of the lower grits which here begin to 
assume importance in this series. A boring sunk close to the 
fault taps not only the water of the thinner and lower grit, but 
also that from the far thicker Third Grit which is faulted against 
the smaller bed. The quantity of water thus brought into the 
boring is so great that it o,erfiows at the surface and has been 
taken to supply the ,illage of Kingsley, on the opposite side of 
the Churnet Valley. 

SnPrly 11'01n the Coal Measl.we SandstO?les. 
Broadly speaking, water does not circulate freely in these rocks, 

and the amount a,ailable is often not more than sufficient to 
supply the needs of a house or farm. Indeed the vVoodhead 
sandstone is the only bed from which any appreciable amount 
can be obtained. This so often forms the bearing rock of the 
Churnet Valley that a considerable part of the rainfall that sinks 
into it escapes at the base of this long outcrop, giving rise to the 
landslips, previously referred to, in the shales of the lowest Coal
measures. 



CHAPTER VI. 

~TRFCTURE AXD FArLTS. 

There are really two structllres in this area, one of which is 
pre-Triassic and affects the Carboniferous rocks only; the other 
post-Triassic, which locally modifies the older structure but 
mainly afiects only the Triassic rocks. 

Ig'uorillg the unconformable cover of the bttel', the Car
bon1ferous strata lie in what is usually c;llled a basin: but a far 
more apt simile would be to comp;tre it to a large f~'esh-water 
mussel shell. The long length of the shell lies north and SOUtll, 

and the hinge to the west. At this side are the steep dips, flnd 
it forms the deepest part of the shell, from which the beds 
rise gradually in 11,11 directions. The strncture is modified 
by f,tults mostly of pre-Triassic age, but an important local 
modification has been pro(luced by the two dislocations that 
affect the Trias in the Draycott area. 

The Bunter sandstone was deposited upon the Carboniferous 
rocks,which were eroded after this shell-structure had been formed; 
and, in spite of the extreme irregularity of the base in many 
cases, the Bunter is built up of horizontal, though often lenticular 
beds. Though this horizontality has been locally rlestroyed by the 
three post-Triassic faults shown on the map, it is, on the whole, 
fairly well preserved, as is shown by the outcrop of the 
massed ~onglomerates or shingle beds, which occur at nearly the 
same helght above sea-level over a large area. The most strik
ing feature of the district is the bold escarpment of the Triassic 
rocks, which in horse-shoe form faces Cheadle. A subordinate 
feature is the outlying hill of Bunter at Cheadle, which serves to 
testify that this deposit once coyered the whole area, and that 
the escarpment is the result of comparatively recent denudation. 

Faults. 

The area is greatly affecte(l by faults, lllany of which hayc 
been proved in the course of mining the coal and ironstone. 
Those that occur in the ironstone area llsually cut the grits of 
the .iUillstone Grit series and c,m be tracefl at tho surface; but 
in the Coal-measure area it is impossible at times to see any 
trace of the dislocations unless they cnt the well-marked \Yood
head sandstone. 

There are faults of two ages present; the majority are of pre
Triassic age, and, as the m~p often shows, they do not affect the 
ontcrop of the Bunter sandstone; there are, in adflition, a few 
faults of post-Triassic age. SOllle of the faults vary rapiclly in 
the amount of their throw, while a few may vary lIttle over a 
considerable distance. There is a certain tendency for these 
dislocations to occur in groups in one area, while the adjacent 
district may be comparatively free from them. 

D 
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.A group of faults OC(;tIrS ill the Ipstones; Froghall and Chumet 
Valley amiS. In the neighbourhood of Ipstones the two parallel 
faults throw in opposite directions, and let down a long strip of 
Coal-measures between the jIillstone-grits. About the middle 
of the deep hollow both of these f,mlts mu"t haye a throw of 
more th,Ul 200 feet, but further south the throw slowly 
diminishes till at length they appe,U' to die out. The fault 
trending north-west and south-eilst from Belmont Hall towards 
Froghall is well shown ilt the surface. Close to the hall it 
throws the First Grit against the Third, while in t.he lane south 
of Booth, the First Grit is brought against the Crabtree 
Coal, in which a slllall opening bits been mitde. In the Churnet 
Yalley the ironstone is much below the leyel of the river bed, 
while on the opposite side of the dislocation it is on top of the 
hilL The fault west of Pettytields was proyed in mining, but 
its further course is clem'ly marked by the displacement of the "T oodhead and Rider Co,lls, which ;ire thrown down to the cast 
about 150 feet. 

The fault on the west side of the First Grit about Belmont 
Hall is shown by the workings of the Crabtree Coal and 
gannisters in. Coalpit "\Yood. These rocks are about 120 feet 
above the gnt, but the f,mlt has thrown them down to the 
west till they are considembly below the base of that rock. 

In the Consall Hall area a large number of faults were 
proyed in miniLg the ironstone, and these are shown on the 
map. The master fault of the series trends north-north-east and 
attains its maximum efiect close to the Hall, where it mllst throw 
down to the west more than 200 feet, but from this point it 
.1iminishes in both directions. 

About Wetley Rocks the beds are greatly disturbed and 
often on end. This disturbance seems connected with a fault that 
ncar Hightields throws the First Grit down to the west against 
the Third: quite at the edge of the lllap it throws the Coal
measures against the middle of the same gI·it. It cannot 
hcre 11<lye a less throw tlwn 300 feet, and this dislocatiolL 
must penetrate some distance into the Pottery coalfield area. 
X 0 coals are being worked in this neighbourhood, and nothing 
is known flll'ther about this disloc,l,tion; for, being a pre
Triassic fault it does not ,dfect the Bunter sandstone by 
which it is coyered further to the south-west. 

There are seyeml faults in the neighbourhood of Bank Top, 
one of which, trending east and west, is well shown at the 
surface by the outcrop of the Rider and "\Yoodhead Coals. 
At the stream north-west of Dairyhouse it has a downthrow 
to the north of about 1.50 feet. Further east it appears to 
break up into a number of small dislocations which were 
proyed in the older workings at Hazlewal~ Colliery. . 

Numerou:,; fault:,; hnxe been proved III the coal workmgs, 
of which llO tmce can be found at the surface till they cut 
the outcrop of the \Y oodhead sandstone, when their further 
course is usnnJly clear. A typical example of such a fault 
is shown a little west of Hazlewall Pit. 'Vest of Parkhall 
:::hf\£t a fault was proyed not only in the collier~', but in sOJn~ 
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shallow workings in the Four-foot Coal at Park hall Farm, 
and again at the old pits near the disused brass works west 
of Cheadle. It was exposed in the cutting at the entrance 
to the Cheadle tunnel, and repeats the outcrop ot' the Yard 
Coal, throwing down to the east some 30 feet. This fault 
has a singularly uniform throw throughout its whole length, 
yet only in this artificial section is there any evidence at the 
surface to suggest a fault 

The set of east and west faults in the Dilhorne and Cheadle 
district are in the mil-in proved only from mining evidence. 
The most important of these is the f:wlt at Dilhorne. This 
throws down to the south and Drings on the highest beds 
of the area, conveniently called the Delphouse Series, or the 
Upper Pale Group. Shafts on the north side were sunk to 
the Dilhorne CO,tJ, passing through a small seam above it. 
Close to the south side of the fault shafts were sunk to the 
Litley, and also apparently to the Four-foot seam, though 
there seems some dispute about the latter. The exact throw 
in the Dilhorne area is thus a matter of doubt. But just 
under the extreme llorth-west end of the Bunter near Cheadle, 
a level, starting in the 'Voodhead Coal, was driven through 
the fault till the Rider seam W,tS cut, showing the fault here 
had a downthrow to the south of somewhat over 120 feet. 
This fault-level is of great importance for it shows conclusively 
that the Dilhorne Coal is thrown clown to the south, and 
is below the Delphouse coals. It cannot possibly be at the 
top of these beds as is generally supposed. 

A fault throwing down to the south-west about 90 feet was 
proved in the Birches Colliery, neal' Cheadle. It trends north
west and south-east, and was met with a little to the south
west of the shaft. 

About Oakamoor there are a number of faults, some of which 
have a considerable throw. The clearest is the one at the foot 
of the First Grit escarpment, near Crowtrees and Moneystone. 
Here the coal of the Thll·d Grit is on a level with the base of the 
First Grit, and there is ,t downthrow of about 100 feet to the west; 
further north it inereases somewhat, for the two ?'l'its occur side 
by side. There seems to be a network of faults about Oakamoor 
station; one of these is well shown by the outcrop of the two 
grits on the south side of the tunnel. 

FanUs in the TI'ias8ic Rocks, 

'Vhile most of the faults described above are of pre-Triassic 
age, there are some ±itults in the district that eut the Trias. Two 
of these are shown in the Draycott area. They throw in opposite 
(lirections, causing the KeuFer marls and sandstones to lie in a 
trough between the two outcrops of Bunter. If the evidence 
obtained from the old shaft near the tunnel ean be reliGd on, the 
more northerly of these faults IllLlst have it throw of at least :300 
feet, but that of the more southerly is considerably le~s. 

In the south-eastern part of the area there appears to be a fault 
of some throw between the Bunter and Keuper sandstolles; but 
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the am<"lunt is difticult to ascertain as it sooms possible 
that the Keuper sandstone may here lie in an eroded hollow 
of the Bunter. Several small faults may be seen in the 
roadside on the face of the Bunter escarpment, but they 
have no structural importance. .A fault of 15 feet throw occurs 
in the quarry in the Keuper sandstone on the north side of the 
Cheadle and Alton Road. It cuts the sandstone in a peculiarly 
clean manner, and does not easily catch the eye. This seems 
to be rather a feature of the small'3r faults in the Triassic rocks. 

The accompanying section (Fig 1) to the scale of Rix inches to 
a mile, and drawn roughly from west to east, gives a general idea of 
the structure of the Cheadle coalfield and of the position and out
crop of the various seams. The section starts on the west at an 
old shaft, about 300 yards east of the road fi'om Dilhorne to Fors
brook, in a direct line with Callowhill Farm. This shaft was 
sunk 50 yards to the Alecs or Stinking Coal. It crosses the 
Cheadle Road near Boundary, where the old shafts fix the posi
tion of the Yard, the Litley, and the Four-foot Coals, and also pro-ve 
the thickness of the overlying unconformable Bunter sandstone. 
After passing the exposed outcrop of the Two-yard Coal the section 
crosses the cutting at the mouth of the Cheadle tunnel, where 
the double outcrop of the Yard Coal occurs, owing to repetition 
by the fault. At this point the section takes a slight turn and 
trends It little north of east so as to pass through the Birches 
Colliery, where the ,Voodhead Coal was worked. Before reaching 
this the outcrop of the Huntley or Dilhorne Coal is passed, and 
a little north of the point shown on the section the .l\Iajorsbarn 
shaft proved the depth to the Alecs Coal, from which the depth 
ot the \\T oo<1head is also known. The fault close to the Birches 
was proyed in the workings. At Cheadle Mill the ,Yoodhead 
Coal was wOl'kefl, while the outcrop shown further east can still 
be traced by the old workings close to )loss Lane. 

,Vest of the fault at the Birches Colliery, the Woodhead Coal 
is intact; while to the west of the Tean the Dilhorne or Huntley 
Coal is also intact. Of the seams above much has been taken 
out, but patches are left here and there. 

A series of shaft sections is given on the plate (Fig. 2) in order 
to show the position of the seams in the Delphouse area 
rcIatively to those in the rest of the district. 
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APPENDIX 1. 

Sections of Colliery Sh([/ts. 

1. Delphouse Collieries. Cheadle. 

(Communicated by 1\IR. WILLIA~[ LOCKETT.) 

~ Thickness. I Depth. 
I 

: -----j -----

ft. in. ft. m. 

Coal and smut 
: I 

2 6 2 6 
Marl 8 6 11 0 
2 Yard rock ~ I 

16 0 27 0 
Grey shale 17 0 44 0 
2 Yard Ooal - I 5 6 49 6 
Ouster coal and pricking - 2 8 52 2 
Clunch - 6 1 58 3 
Roach and rock-binds 18 4 76 7 
Sandy rock, not bedded, but hard 27 0 103 7 
Getley coal (useless) 2 0 105 7 
Hard sandy rock 

ba~ I 
13 0 118 7 

Soapy grey shale (fossil marl and black 7 0 123 7 
roof) - I 

Half-yard Ooal 2 6 128 1 
Clunch 6 0 134 1 
Roach and rock binds 16 0 150 1 
Hard white rock with black streaks - 24 0 174 1 
Grey shale 12 0 186 1 
Black shale roof 0 6 186 7 
Yard Ooal 3 9 190 4 
Fireclay - 1 6 191 10 
Hard clunch 6 0 197 lO 
Littley rock 15 0 212 10 
Hard white rock 8 0 220 10 
Grey shale (fossil bed at base) 19 0 239 lO 
Littley Ooal - 2 9 242 7 
Grey clunch 6 0 248 7 
Four-foot rock- 12 6 261 1 
Grey shale 14 9 275 10 
Four-foot Ooal 3 6 279 4 
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2. Foxfield Shaft, two miles W .N. W. of Cheadle. 

Thickness. Depth. 

--------
ft. in. ft. m. 

Clay and marl - 24 0 24 0 
Dilhorne Coal 6 0 30 0 
8eat 4 6 34 6 
Grey shale 4 9 39 3 
Coal, 9 ins. Black clunch, i ills. Coal, 8 in. 2 0 -n ;; 
Seat and rock binds 5 6 46 9 
Grey shale 9 0 55 9 
Dark brown shale and pebbles - 4 6 60 3 
Black stone, 3 in. Coal, 5 in. - 0 8 60 11 
Seat 2 0 62 11 
Strong rock hinds 5 0 67 11 
Grey shale 9 0 76 11 
Dark grey clunch 3 2 80 1 
Black shale and stone hands 4 4 84 5 
Grey shale 4 0 88 5 
Ouster Coal, 5 in. Pricking, 3 in. 0 8 89 1 
Hard grey rock 2 0 91 1 
Soft grey rock- 2 6 93 7 
Strong roach - 4: 6 98 1 
Hard gre.r rock 4 6 102 7 
Roach 20 0 122 7 
Strong grey metal 10 6 133 1 
Black shales 7 6 140 7 
Stone, coal ,tnd rat tlecock (cannel shale) - 1 5 142 0 
Fireclay - 7 6 149 6 
Dark shale 14 0 163 6 
Grey shale 10 0 173 6 
Rock 9 0 182 6 
Grey shale 18 0 200 6 
Black shale 8 0 208 6 
Grey shale 5 3 213 9 
Moonshine (shale full of slickens ) 4 3 218 0 
Coal, 1 ft. 3 in. Pricking, 6in. I. Stinking or 1 3 9 221 9 Coal, 2 ft. , Alecs Coal. , 
Seat 3 0 224 9 
:;;trong binds - 6 0 230 9 
Strong rock 27 6 258 3 
Strong binds - 18 0 276 3 
Foxfield Coal 1 8 277 11 
Pricking - 0 8 278 7 
Strong cl um:h 3 0 281 7 
Strong grey hillll8 17 0 298 7 
Red roaeh 13 6 312 1 
Chocolate rock 14 0 326 1 
Chocolate metals 7 0 ;333 1 
Ore}, shale, black at base- 5 0 338 1 
Mans Coal 1 5 339 6 
Black seating 2 6 342 0 
Coal 0 8 .'342 8 
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2. Foxfield Shaft, two miles W.N.W. of Cheadle-continlled. 

Thickness. Depth. 

-----

ft Ill. ft. Ill. 

Clunch 
., 0 3-l5 I:i .J 

Black shale :3 () ;H9 :2 
Strong clunch - 5 0 354 :2 
Grey sandstone .J 0 366 :2 
Binds 4 0 360 :2 
Grey shale ;) () :365 ~ 

Coal and shale 0 6 :366 .) 

Clunch - 3 0 36U 2 
Brown yards 5 0 37-i 2 
Grey yards 2'1 0 399 .J 

Grey metals 18 0 -tI7 :3 
Black shale 1 6 -tIS S 
Grey shale :) 0 421 8 
Rock (sandstone) -i 0 425 8 
Grey shale 30 0 455 S 
Black shale 1 3 4.50 11 
Grey shale, black at base 15 ;3 -!72 2 
Cobble Coal - 1 3 478 5 
Strong clunch, full of iron balls 7 6 480 11 
Rock 4 0 -!S4 11 
Grey metals 7 0 492 5 
Dark shales, black base 37 6 529 11 
Coal 1 1 531 0 
Strong clunch - 9 6 540 6 
Binds - - 10 G 551 0 
Grey metals, full of iron balls 9 6 560 6 
Black shale and slickensides 3 0 363 6 
Clunch, flinty rock boulders 3 0 566 6 
Rock binds 7 0 573 G 
Grey metal, full of iron balls 31 0 604 6 
Black shale and stone of coal 1 0 605 6 
Dark clunch - 4 0 009 6 
Metals and binds a 0 023 6 
Grey shale 2 0 li25 6 
Rider Coal 1 6 627 0 
Clunch, soft top 3 6 630 6 
Grey binds - U 0 li39 6 
Grey sandstone :24 0 663 6 
Dark shale on clunch 8 0 672 0 
Hard rock 7 (j 079 6 
Strong grey metal, shale in middle 43 0 722 G 
Grey shale - - - - 12 0 734 6 
Black shale 1+ 0 748 6 
Woodhead Coal 2 9 751 3 
Pricking, 9 in. Ouster coal, 3 in. - 1 0 752 3 

------
Total 752 3 
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3. Cheadle Park Colliery, one mile N._ of Cheadle. 

Thickness./ Depth. 
---------

ft. in. ft. In. 

8 6 8 6 
Soil and clay - 62 0 70 6 
Strong fireclay - - - - -
Alecs or Stinking Coal (two dirt seams of 9 6 0 76 6 

and 5 inches) 7 0 83 6 
Soft clunch 11 0 94 6 
Sandstone 20 6 115 0 
Grey shale- 1 4- 116 4 
Foxfield Coal 8 0 124 4: 
Clunch - 11 0 135 4 
Sandstone 22 0 157 4 
Grey shale 1 0 158 4 
Black shale 1 0 159 4 
Coal 5 0 164 4: 
Clunch - 8 0 172 4: 
Sandstone 33 0 205 4 
Grey roach 0 9 206 1 
Coal 2 0 208 1 
Clunch - 15 0 223 1 
Grey shale 13 0 236 1 
Sandstone 18 0 254 1 
Grey shale 1 6 255 7 
Black shale 15 0 270 7 
Grey shale 2 2 272 9 
Cobble Coal - 1 0 273 9 
Clullch, etc. 21 0 294 9 
Clullch - 17 0 311 9 
Dark shale 18 6 330 3 
Sandstone 7 0 337 3 
Grey shale 0 3 337 6 
Coal 4 0 341 6 
Clunch - 15 0 356 6 
Grey shale 8 0 364 6 
Sandstone 21 0 385 6 
Grey roach 7 0 392 6 
Grey shale 14 0 406 6 
Sandstone 17 6 424 0 
GI'ev shale 1 4 425 4 
Rider Coal 3 0 428 4 
Clunch 6 0 434 4 
Grey shale 21 0 455 4 
Red sandstone 41 0 496 4 
Strong roach - 13 6 509 10 
Grev shale 9 6 519 4 
BlaC'k shale or hass 2 11 522 3 
Woodhead Coal ----- -- -------

Total I 522 a 
J ___ 

-- -- .--~~.--
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4. Birches Colliery, B.E. of Cheadle.;< 

I 
I Thickness. Depth. 

ft. in. ft. in. 
Soil and brick clays - 12 0 12 0 
Fireclay - .) 0 15 0 
Clunch and binds 162 0 177 0 
Oobble Ooal - 2 10 179 10 
Fireclay - 6 0 185 10 
Rock and rock-binds 6 6 192 4 
White and red micaceous sandstone-- 105 0 297 4 
Rider rock 12 0 309 4 
Roach 12 0 321 4 
Black shale 2 0 323 4 
Rider Ooal 1 6 324 10 
Fireclay - 1 0 325 10 
White rock 29 0 354 10 
Roach, fine laminated sandstone 63 0 417 10 
Red and grey marl. Balls of red ironstone 9 6 427 4 
Black shale. The Bass - 7 6 434 10 
Woodhead Ooal - 3 2 438 0 

----------
Total 438 0 

* Taken from the" History of Cheadle," by R. Plant, page 297. If the 
account is correct there is far more hard or sandy material present here 
than in the area to the west and north. The Cobble coal IS unusually 
thick. The thickness of the Woodhead coal includes the pricking and 
ouster coal beneath, not usually reckoned in the thickness of the seam. 

5.-Park Hall Colliery, Cheadle. 

(Communicated by :Mr. J. R. HAINES, F.G.S.) to depth of 583 feet 10 
inches, and by Mr. E. Almond, below that depth. 

Thickness. Depth. 
-----

ft. In. ft. m. 
Pit top raised 9 0 
Clay 8 0 
Grey shale 13 0 
Ooal, Sweet . 0 9 30 9 
Marl 4 0 
Hard rock 14 0 
Grey shale, with rock 78 0 
Coal, Stinking 3 9 
Marl - 4 0 

126 9 

Rock 11 0 
Grey roach 39 0 
Ooal, Man's - 1 6 184 6 
Strong clunch - 4 G 
Grey roach 7 G 
Black shale :3 6 
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5.-Park Hall Colliery--continuea. 

I Thickness., Depth. 
I 

----i-~--

ft. in. 

I 
ft. in. 

Clunch - 5 0 
Grey roach 11 4 ! 

Ooal 0 2 
Rock 8 0 
Grey roach 16 6 
Grey rock 24 0 
Rock 12 0 
Roach 6 {) 

Rock 2 6 
Grey roach 9 0 
Black shale 1 6 
Grey shale 9 0 
Ooal, Oobble - 2 6 307 0 
Clunch - - I 18 6 
Dark shale 15 0 
Black shale 17 0 
Ooal 0 2 
Clunch - 1 6 
Rock 6 0 
Grey roach 4 6 
Strong roach - 7 (j 

Strong roach 10 6 
Grey shale 4 6 
Grey shale 9 0 
Rock 9 0 
Roach 13 6 
Rock 7 6 
Rock, hard 3 0 
Grey shale -! 6 
Ooal 0 6 
Clunch - 4 6 
Rock binds 10 6 
Grey roach 3 0 
Ooal, Rider 2 3 459 8 
Clunch - 6 9 
Rock 26 0 
Grey roach 37 0 
Rock, hard 4 0 
Rock, soft 5 0 
Grey roach 16 6 
Grey roach 4 6 
Grey shale 12 0 
Black shale 9 0 
Ooal. Woodhead - 3 0 582 8 
Stone 0 9 
Pricking - 0 2 
Ouster coal 0 3 

-~--~ 
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5.-Park Hall Colliery-,·oll'il l lled. 

BOl'ing below the [(lst Bed. 

Thickness. Depth. 

Bind 
Black shale 
Strong bands ami shale 
Black shale 
Grey rock and soft. roche -
Slate rock 
Grey shale 
Black shale 
Dark clllnch 
Grey rock 
Black shale 
Coal 
Grey rock 
Black shale with hands 
Soft grey rock and shale -
Ooal 
Black shale 
Clunch 
Black soft shale 
Grey shale 
Black shale 
Grey rock full of spar 
Black shale 
Stinking coal 
Dark clUllCh 
Grey and white rock 
Light red shale 
Grey and white rock 
Conglomerate -
Red shale 
Black shale 
Smooth grey rock 
Hed shale 
Grit bored into (said to he the First Uri!) 

Total horcd -

-~----- - ----- - --

ft. 
9 

:26 
5 
9 

li';{ 
49 
40 
:2:2 

8 
G 

P .J 

0 
6 

45 
2K 
0 
0 
1 
1 
4-

38 
2 

10 
2 ., 
oj 

19 
! 
3 
1 
4 

12 
9 
:1 
:3 

!iii7 

In. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
3 
:~ 

0 
0 
0 
0 
9 
9 
0 
0 
8 
1) 

:{ 

:3 
0 
0 
0 
K 
4 

11 

ft. lll. 

1)F\;} 10 

1151 (j 
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HrxD, DR. W., 15. 
Holleygrove, 24. 
Hollins Wood, Section of Wood 

head Coal at, 21. 
HULL, PROF. E., 58. 
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Lingula, 11. 
Literature, 58. 
LOCKETT, ",Y., 51. 
Longhouse Shaft, 29. 

M adged!\le Farm, 34. 
"1ajorsbarn, Shaft at, 27, 48. 
Mans Coal, 29. 
;\1aps, 3. 
;\1arl Keuper, 28. 
-- -- Unconformity at base of 

the,3H. 
lIillstone Grit, 6-11. 
-- -- Boulders of, 40, 41. 
-- ~-- Coal, 8, 9. 
;\1obberley, 30. 
;\1oLYNEUX, ",V., 5H. 
l\foneystolle, 47. 
Moss Lane, 48. 

N oOllsmn Common, 6. 

Oakamoor, 2, 6, 7,9, 10,35, 37. 
-- BOfbholes near, 6. 
-- Old shafts near, 6. 
-- Network of faults at, 47. 
-- Sections in Bunter near, 35. 
-- 'Vater in the Trias near, 43. 
Old Engine Farm, 27. 
Ousal Dale, 37. 
OURter or Impure Coal, 21. 

Pale Group, Upper, 30, 33. 
---- Lower, 2;3, 30. 
PaVer Shales, 13, 17. 
Parkfoot, 24. 
Park Hall Colliery, 2, 11, 19,24,25,28. 
-- -- 8ection of shaft at, [)[" 57. 
-- Farm, 31, 33, 47. 
-- -~- Fault near, 46,47. 
-~- Old workings near, 24. 
-- Section of Dilhorne Coal near, 

24. 
Parkhouse, 10. 
-- Thick Drift near, 39. 
-- Foreign boulders near, 39. 
Pearcroft Woods, 25. 
Pettyfields, 16, 46. 
Pitting of Bunter pebbles, 36. 
Plateau about Cheadle, 2. 
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MONTGOMERYSHIREt,-56 NW, 59 NE, SE, 60, 74 SW, 

SE. 
NORFOLKt,-.50 NW\ NE', 64*, 65', 66', 67*, 68*, 69. 
NORTHAMPTONSHIRE,-84*, 45 NW, NE, 46 NW, i2 NW, 

NE, SW, 53 NE, SW, & SE, 63 SE, 64. 
NORTHUMBERLAND,-102 NW, NE, 105, 106,I07,IOS*,IW, 

110. NW*, SW*, NE', SE. 
NOTTINGHAM,-70" 71' NE, SE, NW, 82 NE*, SE', SW, 

86,87' SW. 
OXFORDSHIRE,-7', 13', 34-'. 44*, 45*, 53 SE*, BW. 
PEMBROKESHIREI,--38, 39, 40, 41, 58. 
RADNORSBIRE,-42 NW, NE, 56,60 SW, SE. 
RUTLANDSHIRE,-this conuty is wholly included within 

Sheet 64*. 
SHROPSHIRE,-55 NW, NE, 56 NE, 60 NE, SE, 61, 62 NW, 

73,74 NE, RE. 
SOMERSETS HIRE t,-18, 19, 20, 21, 27,35. -
STAFFORDSHIRE*,-54 NW, 55 NE, 61 NE, SE, 62, 63 NW, 

71 SW, 72, 73 NE, SE, 81 SE, SW. 
SUFFOLK,-47*, 48-K·, 49*,50*,51*,66* 8E*, 67*. 
SURREY,-l SWt, 6t, 7*, 81, 121. 
8USSEX,-4', 5t, 6t, 81,91,111. 
W ARWIC'KSHIRE,-44*, 45 NW, 53', 54, 62 NE, SW, BE, 

63NW, SW, SE. 
WESTMORLAND,-97 NW*, SW*, 98 NW, NE*, SE", 101, 

SE*, 102. 

WILTSHIRE -12*, 13*, 14, 15, 18, 19t, 34*, and 35t. 
WORCESTERSHIRE,-43 NE, 44', 54, 55, 62 SW, fill. 61 

SE. 
YORKSHIRE1,-85-88, 91 NE, SE 92·97* 98 NE* BE', lOZ:Nli, 

BE, 103 SW, SE 104. 89, !XI, 91, 92 SW. 
See also New S •• w Maps. 





GEOLOGY OF LEICESTER. PLATE I. 

HA WCLIFF HILL, MOUNTSORREL. 
Crags of Granite, shewing horizontal grooving. 

From a Photograph by W. T. Tucker. 
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PREFACE. 

THE area described in the present Memoir is contained in Sheet 
156 of the ~ ew Series one-inch Map of England, and embraces 
parts of central and eastern Leicestershire, and of the adjoining 
county of Rutland. It includes most of the area represented in 
the quarter-sheet 63 N.E. of the Old Series Geologic~l Sur-yey ]\fap, 
which was surveyed by Mr. H. H. Howell and publIshed m 1855 ; 
also the northern part of quarter-sheet 63 S.K surveyed by Mr. 
W. T. Aveline and Mr. H. H. Howell and published in 1859, to
gether with a small descriptive Memoir published in 1860; and 
the north-western part of Sheet 64, surveyed by Prof. J. W. Judd 
and Mr. W. H. Holloway and published in 1872, together with 
a Memoir issued in 1875 on " The Geology of Rutland." 

The area is also referred to in the Memoir on "The Triassic 
and Permian Rocks. of the Midland Counties of England" by 
Prof. Hull published in 1869. 

A comparison or Sheet 156 of the New Series with the former 
Sheets of the Old Series, which it replaces, will show that 
considerable changes have been made in the delineation of the 
geology of this part of the Midlands. The outcrop ofthe granite 
and other old rocks in the neighbourhood of Mountsorrel has been 
shown with more exactness than was possible with the smaller 
seale map. The outcrop of the Rhretic Beds in this part of the 
iUidlamls has now been traced, and slight modifications have been 
made in the mapping of the Keuper Marl. The use of larger 
seale maps has also enabled the sub-divisions of the Middle Lias 
to be traced with more precision. 

The Drifts hiLVe been surveyed in detail, for the first time over 
mnch of the area, awl the most striking feature of the map is the 
evidence which it aftords of their plateau-like character. 

The present map difters again from the old map so far as the 
alluyium is concerned; the lines have been traced w"ith greater 
accuracy in the main valleys and extended into the smaller 
valleys, thus bringing out more clearly the drainage system of 
the country. The river terraces are also shown. A new feature 
is the insertion of a longitudinal section to show the general 
structurc of the grollnd. 



1, 

The whole of the area has been sUHeyed by )11'. C. Fox-Strang
ways, who has prepared the prcsent )lemoir. The catalogue of 
fossils has been revised by Mr. E. T. Newton. -

Manuscript copies of the six-inch maps have been deposited 
in the Office for reference, and copies may be obtained on payment 
of the cost of copying. 

The Drift edition only of the map is colour-printed, but hand
coloured copies without Drift may be obtained at a cost of 38. 

A bibliography of Leicestershire was published in the Memoir 
on the geology ofthc country between Atherstonc and Charnwood 
Forcst and is not, therefore, included in thc present Memoir. 

Geological Sn1'Vcy Office, 
28, JeJ'mY'H Street, London, 

11th February, ID03. 

J. J. H. TEALL. 

Director. 
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GEOLOGY 

OF THE COUNTRY NEAR 

LE I C ESTE R. 

CHAPTER 1. 

INTRODUCTION. 

The sheet described in this Memoir contains an area of 216 square 
miles, the greater part of which lies in the County of Leicester, 
but it includes also a small portion of the County of Rutland. It 
covers the larger part of the area shown in 63 N.E. of the old one
inch survey, but extends nearly three miles further to the south; 
it also contains a considerable portion (72 square miles) of the 
ground covered by Sheet 64. 

Owing to the Drift, which overlies the solid strata, being shown, 
this map has far more detail than the former of these sheets; and, 
owing to six-inch maps being now used, the lines can be drawn 
in with greater accuracy than was possible in 1872, when the 
eastern part was surveyed. Since the old surveys were made 
much additional information has been obtained. For instance, in 
1833, when the district surrounding Leicester was suneyed, the 
Rh<Btic beds were not recognised. and were consequently included 
with the Lower Lias, a part of the outcrop at Leicester being entirely 
overlooked. 

The only large town in the district is the county town of 
Leicester, but there are several important manufacturing villages, 
such as Mountsorrel, Sileby, Syston, Thurmaston, Wigston, Blaby, 
Narborough, and others along the valley of the Soar. In thp 
eastern part of the map, the ground being entirely agricultural, 
the "illages are not so large, but all are fairly prosperous, from till' 
district heing near the centre of the most famous hunting country. 
On this side the largest place is Billesdon, but there are quite thirty 
other "illages that are of considerable importance. 

Although the greater part of the drainage of the district is within 
the Trent hasin, a large part of the "'ater on the east side pal'1sef! 
away to the WeIland, and thence into the Wash. The watprRhed 
diYiding these two runs from Ranksborough Hill, by Cold 
Overton, Knossington, Whatborough Hill, Tilton, Billesdon, 
Rolleston, and Carlton Curlieu. It rises to an elevation of over 
700 feet between Billesdon and Tilton, buJ declines to about 500 
feet at Ouston, and at the southern edge of the map. Near 
Kibworth, to the south of this, it is below the 400 contour line. 

54;0, n 



2 lXTRODLC'1'IO~ . 

The physical aspect of the country is greatly influenced by the 
Drift. This, in former times, appears to haye completely coyered 
the district, and to haye obliterated its older features, so that the 
surface of the land gradually declined in one broad sheet from the 
line of watershed. Along the outcrop of the l[iddle Lias hebYeen 
Burrow and Billesdon there must haye been a pre-Glacial feature 
as fine as the present escarpment. where the fall in the ground 
was somewhat rapid; but beyond this tlWl'e ,,'as a nearly 
uniform slope, which was so slight that the ground may be 
considered to ha,ye been nearly leyel. This plateau, which was 
lowest along the line of the present Soar valley, has heen cut into 
by the tributaries of this stream; so that the present aspect of 
the country is that of a great plain intersected hy numerous furro\\s, 
that have been caned out by the trihutary streams. The sallle 
thing has taken place on the eastern side of the watershed, the 
present :;;treams apparently flowing nearly along the same lines as 
they did before the deposition of the Drift, which they haye cut 
through, leaving only patches on their flanks. The effect of this 
denudation is that the escarpment of the Middle Lias, fonning 
the highest ground in the map, rises in a more or less abrupt hank, 
overlooking a general plain of lower ground to the west, \\,hich 
has been furrowed into a series of ridge-like hills hy the numerous 
streams that flow down to the main Soar nIleI'. To the east of 
the Middle Lias escarpment the ground falls a\\'ay' gradually to\\'ards 
the Vale of Catmos, in the centre of Rutland; but this is principally 
along the valleys, as the ridges between maintain a fair altitude to 
beyond the limit of this map. 

The following table gives a list, in descending order, of the 
subdivisions of the strata ;--

HEUENTAND 
PLEISTO
CENE 

TRIAS - -{ 
PRE-C_UIBRL\K} 
OR ARClLEA~ 

Recent and r Alluviulll. 
Post-Glacial \River gra\'el~. 

Glacial I Valley Drift. 
Chall'::y BOllld('r-~lay with intercalated beds 

of sand and gravel. 
Ohler Boulder-clay (upper part). 
Quartzose Sand. 
Older Boulder-clay (lower part). 

lOlder Sand and Gravel (?) 
Tnferior Oolite Northampton S1nd~. 

I
, I'per Lilli' Sh~lles. . 

! :\Iarlstone Roek-Led (zone of Ammondcs 
I .', . _ 8pinatus). ., , 
. MII/dJe LIas, Snndy shales an<l.chys with nonstone, ,\:c. 
! ((zone of Am. mal'gal'itatus). . 
I Lower Lias Lower Lias Shales with limestones III the 
" lower part. 
Hhmtic Hketic Beds. 
Keuper Keuper Marl with lenticular sandstone bells 

Charnian 

and bands of gypsum. 

{
' Gmniteof :\Iountsorrel.andasfiociated roch. 
Slates, hOl'llstones, nnd agglomerates of 

Charnwood Forest. 

The older forlllations that ('ome to the surface within the limits 
of the map occupy a very smail space, but they have been proved 
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to extend further beneath the newer rocks at I"eicester and pl~e 
where. :: They include a small outcrop of the Pre-Cambrian slattes 
of Bradgate Park, and the intrusiye granite and other rocks of 
Mountsorrel, which form the fringe of the Charm'wod :Forest 
district. The principal formations, howewr, are the Trias and the 
Lias, which practically cover the ,\"hole of the district. 

The Keuper Marl crops out along the Soar Yalley, covering a 
considerable area, but the most extensive formation is the Lower 
Lias, which crosses the centre of the district; behYeen these is a 
narrow band of Rhretic shales which has now been mapped for 
the first time. Tilis is followed by the Middle and Lpper Lias, 
which coYer the east€rn part of the district, and form the higher 
ground that is found in that direction. A few isolated hills of 
Inferior Oolite rise here and there aboye the general lllass of tllE 

Upper Lias Clay. Finally, the whole of these strata are more or 
less covered by Boulder-clay and sands, which haye some,,'hat 
altered the general character of the country. 

The soil of the country, being in the main deri\-ed from the under
lying formations, is mostly clay of a very retentin character. It is 
diversified here and there by beds of sand and gravel, which render it 
much lighter, This is particularly the case ,yith the allm-ial grayel 
that occurs along the margin of the Soar '\"alley, especially about 
Syston, In the eastern part of the area the Rock-bed of the Middle 
Lias, where not covered by Drift, also forms a light rubbly soil, 
that is the best arable land in the district. In consequence of the 
large proportion of heavy clay land the greater part of the country 
is deyoted to grazing purposes, and is noted for its extensiye pastures 
and its renown as a hunting district. 

Although there is no coal milling in the country now under 
consideration, the proximity of the coalfields to Leicester, and their 
early connection by one of the first raihmys made in the kingdom, 
has enabled that town to become an important manufacturing 
centre. 

A large industry, and one which has greatly increased of late 
years, is the quarrying of roadstone. This is actiyely carried on 
at lIountsorrel, where the granite forms an excpllent material 
both for mending roads and for payemPllts; it is also used in the 
preparation of artificial flagstones. These quarrIes are yery 
extensive, and, being connected h~' 1H'<lnch lim's "iib both tlw 
1hdland and Great Central HaihnlYs, a large alllount of road-metal 
is sent away to other districts. 

The Keuper Marl is extensiwly used along the Soar valley for 
the manufacture of bricks, and has entirel~: supersecled the Glacial 
and I,iassic clan, \\"hich wen' fOl'merly wOl'kecl to a small extpl1t 
locall~" for thi; purpose. . 

There are no millends of allY importance. Tile Hock-bed of 
the Middle Lias contains a certain amount of ironstone, \yhich 
has been tried at Tilton: hut, from the abandonment of the \yorks, 
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it does not appear to haw been of much value. The Inferior Oolite 
is also \'e1'y ferruginous, but the area coYe1'ed by the rock is too 
l:llllaU to be of any importance. 

A thick hed of gypsum occurs in the l\.euper ~Iarl at Thul'lnastoll, 
and other bands of this rock haye heen lllet with in borings; hut 
it does not appeal' to haw 1)een used cOllllnercially in this district, 
although extensiw workl:l exist further north, hehwen Kegworth 
and Gotham. 

There is no building stone of any yalue. The soft white sandstone 
of the Keuper to the west of Leicester, the limestone bands in the 
I,ower Lias, the Rock-bed of the Middle I,ias, and the Inferior 
Oolite have been used, but they are generally too soft and friable 
for the purpose. Some of the new bridges on the Melton and 
11arket Harborough Railway are built of the hard fossiliferous 
blocks (" jacks") of the Middle I,ias, and appear to stand fairly 
~. . 

The limestone bands in the lower part of the Lias, from ,,,hieh 
the ,yell-known cement at Barrow is made, are worked for lime 
at Kilhy Bridge, but the beds are m01'e shaly and impure than 
at RllTOW. These beds haw also bE'en worked on tIlE' Crown 
Hills near Leicester, hut the quarries are now abandonE'd. 

Heels of sand and grayel occur at numerous places throughout 
the area, especially along the Soar yalley, about Knossingtoll and 
Tiltoll. and fU1'ther south. The grayel was formerly, in the country 
distl'icts, the usualmatel'ial for road-mending, but now it is entirely 
supE'rsecled by "granite," except fo1' purely local purposes. The 
Rimel iR, of course, still used for mortar, large qualltitiE's being 
E'xcayatecl neal' Leicester, wlwre the building trade is wry acti"e. 

The ,Yater supply of a district like this, which has been 
derived chiefly from superficial deposits resting Oll imper
yious clays, i~ neither almndant nor good. For this reasol1 
the rapidly grmying town of Leicester, which has been supplied 
lJy catchment reselToirs in the neighbourhood, is now seeklllg 
t(; obtain water from the far hetter but distant Ca1'boniferous 
rocks of the l)eak district of Derhyshire. ,Yhen this scheme 
haR heen can'ied out the westel'n pm:tion of the area under COll

sideration ,,·ill han an admirable supply. 
H:,- cOllRidering the subject of the wate1'-hE'aring propE'rties of 

tllE' rocks of thiR distriet we shall see why it has bE'en neCe~Ral'Y 
for I,E'iceRter to seek its snppl.Y from anotl;~r source. The Ke~lp~l' 
}farl ,,,ith its :mhordinate hands of sandstone, ,,·hen borE'd lllto, 
is mmally found to yield a considerable amount of ,,,atE'r; hut, 
:)'Ying to' tIlE' quantit.~- of gypmnll contained in these rockR, it is ~o 
Impregnated with sulphate of lime aR to he too hard for domestIC 
]Hll'pOReR. 

In the linlE'stones and shaleR of the IAm-er J,iaR the Rupply of 
,Yater iR mnwlly H'r.,- scanty, and the Rhaly hedR are RO full of 
dec()mpo~ing p~TitE'R that the ,yuter iR gene;'all:- strongly imprE'g
natE'cl Wlth Rll1plmrE'tted h.nlroc:en . 



FIG. I.-Seet'ion showing tlte general position of the strata across tlte area from north-west to sout/Hast. 
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IXTRODL'CTIOX. 

The Rock-bed of the Middle Lias, being nory porous, furnishes 
a copious supply, which is probably the best ,Yater in the district, 
but from the ferruginous nature of the rock it is liable to be 
strongly impregnated with iron; so that it is usually a strong 
chalybeate rather than a good water for domestic purpo:'\es. 

The Upper Lias, from its generally impenious character, giyes 
the poorest supply Df any formation, as the water is only held in 
thin limestone bands; and from the pyrites in the shales it is 
not often iit to use. 

The gathering ground coYerecl hy the Inferior Oolite is too limited 
t6 giye a supply of all)- quantit~T, but good springs generally is:me 
from this rock, although the water is liable to he rather ferruginous. 

The ~andy hamlR in the Drift frequently giye good water, and no 
douht mny furnish a yaluable ~ource of supply; but the springs 
heing only shallmy, nnd the water being often com-eyed for some 
difltnnce bptween encloOlillg flheetfl of Boulder-clay, it is very liable 
to he contaminated by surface pollution, nud great care should 
he used in the selection of sitos for wells. 



PRE-C.umRIAX ROCKS OF CH.-\RX'YOOD. 7 

CHAPTER II. 

PRE-C AllBRIAN . 

On the western margin it smail portion of these old rocks just 
comes within the limit of the map. These rocks were described 
by Professor "T. W. Wiltts in the explanatioll of the neighbouring 
sheet (133); so th,lt ,,-e need not de'-ote mueh attention to them 
lwre. They cnn~titutp the main lllil~~ of the Charmmod Hill:<, 
but only tl~e extreme eastern outcrop, just as it becomes bUt'ied 
beneath the Trias, is seen here. 

I'rofessor Watts has dh-ided these rock~ into thl' flJillming ~el'ies, 
but only the S,,-ithland Slates and a part of the Bradgate beds 
are exposed in this map;-

Prc-Cambrian Rocks of Charnlcood. 

{
(c) Swithland and Groby Slates. 

(c) The Brand Series (b) Conglomerate, Grit, and Quartzite. 

(b) The Maplewell 
Series. 

(a) Purple and Green Beds. 
(I (e) OliYe Hornstones of Bradgate. 
(d) W oodhonse Beds: Hornstones and Volcanic 

Grits. 
~l(C) Slate-Agglomerate of Roecliffe. 

(b) Hornstones of Beacon Hill. 
(a) Felsitic Agglomerate. 

(a) The Blackbrook Series: Hornstones and Volcanic Grits. 

These rocks protrude through the Keuper Marl in isolated knolls 
in Swithland Wood and Bradgate Park; and extend across the 
re~ervuir at Cropston, ,,,here they are la:;\t seen in this direction. 

The Oliw IIornstones of Bradgate are ,ypil rpprespnted in 
the Park, just beyond the edge of the map. "They are fine oliye
green hornstones, deyoid of coarser seams, but ashy in composition, 
and more or less fissile or slaty." 

The Swithlond Slates we~e formerly quarried at Swithland 
Wood and in the neighbourhood of Woodlwuse Eaves. They 
are much heavier and rougher than the ordinary Welsh slate; 
consequently they are not now used except in a few instances 
where a more picturesque aspect is desired. These slates, which 
have a coarse cleavage, are purple or green in colour, and the 
best of them haye a satiny or glossy texture. 

MountsorreL Granite and Associated Rocks. 

Intimately associated with these shLty rocks is the granite of 
:llount:lOl'rel and the neighbouring hills. It was shown in the 
description of Chal'llwood Forest, by Professor Watts, that the 
rocks of that llistrict werB t,r,wersed by numerous masses of syenite, 
which had boon injected through the older strata. Probably a 
still later intru&on is the illountsorrel granite, which, although 
about two miles from the main mass of the CharnlYood area, is 
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nevel'theless connected ,,-ith rocks of this age, a junction wit.h alt.ered 
slates being shown at the extreme south-west and north-west 
corners of the Mountsorrel group, although everywhere else the 
relation to the older rocks is hidden by the overlap of the Keuper 
Marl. 

The granite crops out in several isolated knolls, the largest of 
,vhich is the fine ,,-ooded eminence of Buddon Hill. Around 
this are grouped several smaller hills to the number of about 
bYenty-t,yO, varying in size from conspicuous hills like that at 
Mountsorrel to small patches, just rising through the Boulder-clay, 
not more than a yard or two in diameter. The rock is a pink 
biotite-granite; a full description of its mineral constituents has 
been given by Prof. Bonney* and by Mr. J. J. H. Teall.t It varies 
sommvhat in composition, the easternlllost exposure, at Mount
sonel being the most acid, ,,-hile the ,,-esternlllost., at Brazil Wood, is 
the niost basic. Besides the pink felsitic veins by which this rock 
is frequentl~- tnwersed there are seYeral dykes of a lllore basic 
character. The principal of these is that seen in the old Mountsorrel 
qual'l'y. This dyke runs in an east. and ,Yest direction (W. 15° N.) 
across the quarr,Y, and is 22 feet thick at the west end. It is seen 
again in the slllall quarry neal' the Cottage Hospital, where it 
is only J inches thick and dips at an angle of 45°. In t.he opposite 
direction, at. Cocklow ,Yood, which is on the same line, we could 
tinclno trace of this rock, so that it probably dies out in both direc
tions from its maximum width in the large quarry, Other dykes 
occur at Buddon Wood and Brazil Wood. About 80 yards west 
of the latter there is a curious mound of diorite, now concealed 
by the water of the reserYoir. This is no doubt a portion of another 
dyke, but there is not enough seen of the rock to indicate it.s direc
tion. This remarkable rock, ,,,hich is unique in the district, is 
a plagioclase-hornblende rock with some pyroxene. It is coarsely 
crptalline, ,.-ith large plates of hornblende that. are very con
~plCUOuS. 

"-here the granite is in contact. with the older rock, as at. t.he 
two spots mentioned on the west side, the latter is greatly altered, 
and full of minute garnets. At Brazil ,Yood the rock, which 
might be called a mica-hornfels, is split up by numerous dykes 
for a distance of about :20 yards or more from the granite, which 
was evidently intruded at a very high temperature. A good 
section of these rocks was exposed here in the trench connecting 
the two hills at the time the reservoir was made, of which 
Professor Watts has supplied the following notes :-t 

"The intrusiye rocks are entirely separate from the metamor
phosed slate, but along the trench the beds are too much cut up 
b~- d~-kes to throw much light on progressive contact meta
morphism. No unaltered rock occurs in Brazil Wood. 

* Quart. JOUriL Geol. Soc. (1S7S), yol. xxxiy., p. :218. 
t Britl:sh Petl'Oill'aph.ll (1888), p. :321. 
~ A fuller account will be given by Prof. ,,'utts in his forthcoming 

~Iem(\ir on the Charnwood rocks. . 
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"The granitite of E:inchley is more basic than that of :llount
sorrel, and contains plenty of hornblende in addition to brown mica. 
The rock of Brazil 'Yood is still more basic, and hornblende is 
ahyays in excess of mica; it also contains much plagioclase (oligo
clase or albite) in addition to orthoclase. The hornblende if! in 
part brown and in part green-mostly compact, that is, not 
fibrous. The hornblende, mica, and felspar have consolidated before 
the quartz. Apatite and sphene are usually present. The dark rock 
is fine-grained, with porphyritic felspar set in a fine felspathic 
matrix. Hornblende and mica are present. The pink wins which 
seam this are chiefly micropegmatite, consisting of more acid 
'mother liquor.' Some of the dark rocks contain so much horn
blende and plagioclase that, if OCCUlTing alone, they would he 
called diorite. The contact rocks, ,,-hich look like hard bands in the 
'slate,' are fine-grained dykes from the granite. They contain 
felspar like the granite, but the matrix consists of rounded grains 
of quartz set in a wr ... - fine-grained felsitic matrix instead of 
irl'e-gular masses of interstitial quart.z. The rock is almost deyoid 
of hornblende or mica, and may be micropegmatite yeins 
(luickly cooled. The' felsite' of t.he east end is of the f:1ame type. 
Olle of the hard wins in the slate is different, and contains abun
dance of crTstals, probably of brown mica set in plagioclase with a 
little quartz, resembling the mica traps sometimes found in dykes 
from granite. The diorite differs in the deep brown colour of the 
compact hornblende and the presence of much fibrous actinolite, 
the small amount of orthoclase, and the absence of quartz. 

" The altered rocks show no trace of the original clastic structure, 
and have been much altered. A few patches of aggregates of 
white mica occur, but not many recognisable crystals. The bulk 
of the rock is spotted and contains abundance of iron-ore dust. 
The lighter spots apparently consist of a felt of minute micaceous 
minerals separated by patches of hrmyn matter also fibrous, which 
may be dark mica. 

" The slate at the end of the trench is much more altered, and 
consists almost entirely of two kinds of mica with quartz in clear 
patches. All the minerals lu",e been recrystallized. The spotted 
appearance is still preserwd in places, but the light material 
consists of felted white mica passing into aggregates of larger 
crystals of the same, while the dark patches are now a pale oliye 
brmyn pleochroic mica with inclusions of zircon, and passing in 
places into it dark brown mica. As the rock is not schistose it may 
be called (according to Mr. Teall) a mica-hornfels. No felspar has 
been detected. It is not more altered at the actual junction, 
except that the micas are larger and better formed. It also 
contains a brown hiaxial m511rra1. The Buddon Wood contal·t
rock i~ full of ltlinute garnet8." 

The junction of these isolated granite bmlses with the surrounding 
Keuper Marl is found nearly everywhere to be very precipitous, 
and shows that they must have formed peaks and nearly yertical 
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cliffs in the Triassic lake. At Mountsorrel, a well which is 50 yards 
from the edge of the granite, is smlli: to a depth of 40 feet entirely 
in Keuper Marl. * At Hawcliff the edge of the granite goes sheer 
down to the bottom of the quarry, a depth of 20 feet or more. In 
the old brickyard at Nunckley there is a deep well within 30 yards 
of the granite. At the end of the reservoir embankment on 
the west side of Buddon Hill the edge of the granite was found 
to be very steep, and, in fact, ,,-hereYer the junction of the two 
formations has been opened out it has heen found to be of the same 
character. 

FIG. 2.-Junction of Keuper Marl and Granite at Mountsorrel. 

A curious feature of these granite cliffs was noted on the northern 
side of Hawcliff when the rock was first uncovered, a represen
tation of which is given in the frontispiece.t The surface 
of the cliff here is scored with numerous horizontal lines and groov
ings, which are certainly not caused by glacial action, but are 
probably the result of the erosive power of sand driven by the 
wind, as is well exemplified in Iceland at the present time, where 
the lava is scored by sand-blasts in a similar manner.! These 
groovings are found heneath the undisturbed Keuper Marl as 
well as under Boulder-clay, thus shmying that they must have 
originated in Triassic times. 

* Professor Bonney gives the depth of [\ well here as 100 feet.-Quart. 
Jonrn. Geol. Soc., vol. xxxiv., p. 218. 

t It was first described bv Professor Wat1<l, Brit. Assoc. Rep. for 1899, 
p. 747; see also Proc. Geo( Assoc., yol. xvii. p. 379. 

t H. J. Johnston-Lavis, Scottish Geograph . .Mag. (1895), vol. xi., p. 465. 
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CHAPTER III. 

TRIAS. 

Keuper. 

Although the lUuetic beds are now generall~- incl\l(lecl ,,-ith 
the Trias, this formation cOllRi~tO'l in the main of t\Yt.l great grollP~
the Bunter and the I\:euper; the~e haw hePll further ~\l hrliyiclecl 
into the seyeral lllinor diyisions as giYell helm __ :-* 

{
Upper Keuper. Marl and Sandstone with hpds of G~-jlSUIll. 

Keuper Lower Keuper. Sandstone with bands of .Harl (Waterstones) 
and SandstollP, and breccia (BaSl'lllE'nt Bpd,). 

f Upper Hed and MottlE'd SalHlstonp. 
Bunter Cunglomerate or Pebble Beds. 

lLower Red and Mottled Sandstone. 

It will be seen, howeyer, that it is onl)T the higher of these diyisions 
that are present in this district; in fact only the upper member of 
the Keuper crops out in this area, although lo,,-er beds llaye been 
prm-ed in borings ne",r Leicester. From these borings ,,-e learn 
that the full thickness of the Keuper beds awrages about 700 feet, 
of which about 100 feet, more or less, lllay be classed ,,-ith the Lower 
Keuper Sandstone.t . 

The upper member of the Keuper Marl has been separated into 
three diyisions-an Upper Gypseous Series, Upper Keuper Sand
stone, Lower Gypseous Series, but it is doubtful if these really 
hold good to fill)- extent. The Upper Keuper Sandstone appears 
to occur in more or less lenticular masses, ,,-hi('h thin out in all 
directions, and there is no eyidence that this bed is so continuous 
and regular in its character as it has been supposed to be; conse
quently ml shall treat the Upper I\:euper Marl as one formation, 
merely alluding to the included samlstones when they are of 
sufficient impod.unce to nuticl'. 

The Keuper lIarl coyers the greater part of the western half of 
the map; and, although it is largely coYered by superficial beds, 
still a considel'a hlp area is to he seen in all the yalle.ys and depresRions 
of the district. It conRiRts of thick beds of red and gl'ey or tea-green 
marl, with numerous thin bands of gypsum, and shaly sandstone, 
,,·hich latter oceasionall? thiekrlls out into more pl'Ominent beds of 
rather coarse gritty sambtone. The red colour of the marls is 
frequently bleached by organic matter; and in some places, more 
particularly in the neighbourhood of Kirby Muxloe, the red marls 

* This is the classification given by Professor Hull and adopted hr the 
Survey, but of course it varies somewhat in different localities. See T. !\f. 
Reade, Geol. Mag., 188D, p. 550. 

t The details of these sectiolls arc gin'll in the Appendix. The most 
reliable of them is that from the Crown Hills, near Eyington, as this aplJcars 
to hllve rE'ceiYed a larger amollnt of attention at the time when the borin" 
,,-as made, and the cores are preserved in the Muscllm at Leice:ster. " 
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are full of grey markings, which traverse the rock in vertical and 
diagonal lines, and are du!;) to the infiltration of acidulated water, 
which has deoxidised the marl. Occasionally the marl contains 
some peculiar nodular lumps, which are very hard, and seem to be 
formed of aggregations of sand. They fracture in transverse 
radiating planes, which are filled with crystalline mineral matter 
after the manner of septaria. These lumps are very conspicuous 
in the pit of the Star Brick Works, near Thurmaston. 

The thickest beds of gypsum are towards the upper portion of 
the series, as shown by the numerous wells and borings in and 
near Leicester. The only bed, however, which can be traced at 
the surface is that seen in the railway cutting at Thurmaston, 
which has a thickness of from 6 to 10 feet. Beds of gypsum are 
mentioned by Jukes as having been worked at the old pits at 
Regent's Road, Leicester * ; and they are recorded from most of the 
borings and well sections in and around the town. Gypsum has 
also been met ,vith in considerable quantity beneath the Knighton 
Tunnelt and at the Humberstone Brick Works. In the borings 
at the foot of Spinney Hills several beds of gypsum are mentioned, 
one at Crown Hills being as much as 10ft. 6in. thick.t 

The principal bed of sandstone, which occurs a short distance 
below this horizon, is best exposed in the railway cutting of thf' 
branch line to Burton, where it has a thickness of over 14 feet; 
and in the quarry at Ashleigh House, near the Dane Hills, where 
there appears to be nearly 20 feet of this rock. This, however, 
is its maximum thickness, as it thins away from here in all directions. 
It is a massive false-be.dded sandstone, but its separate grains are 
,-ery loose and incoherent, so that on the Dane Hills it is quarried 
as a building sand. At Shoulder of Mutton Hill, on the Hinckley 
road, the rock is curiously pitted, and has dark spots, possibly 
maner-anese. At Buddon "ood it is full of drusy cavities filled 
with to white crystals. In the quarry at ~~hleigh House there is a 
good section in these beds, which has been figured and described 
b, .Yr. :llontagu Browne.§ 
. On the eastern portion of the Dane Hills, which is now built 

OWl., tlus sandstone is considerably thinner, and in the neighbour
hood of the Fosse Road appears to die out almost entirely. An 
excayation at the corner of the Fosse Road and Hinckley Road, 
of which a representation is gi,en below, showed this dying out 
of the sandstone and its passing into more marly beds very clearly, 
and proved that it does not pass beneath this portion of the town, 
as has been supposed; 

* Professor J. B. Jukes, the Analyst, vol. viii., 1838, p. 7. Montagu 
Browne, Trans. Leicester Lit. and Phil. Soc., vol. iii., p. 123. 

t Montagu Browne, we. cit., p. 196, note 89. 
! See Appendix, p. 65. In the ~rst boring at Lodge Farm there is. a 

bed of gypsum said to be 20 feet thIck j ~ut we .doubt the accuracy of th18, 
as it is not mentioned in the second borIng, WhICh was only 3 feet dIstant. 

§ Loc. cit., p. 131. 
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FIG. 3.~ection about 50 yards east of the junction of Hinckley !toad an(\ 
Fosse Road, Leicester. 

w. E. 

a 

3. Soil, 1 foot. 
2. Grey marly beds and flaggy "skerry" (thinning westwards). 
1. White gritty sandstone (thinning eastwards). 

Section about 6 or 7 feet deep. 

The shales and flaggy beds mixed with marl and containing a 
few streaks of coarse sandstone, on which the main part of the 
sandstone rests, occupy most of the surface to the east, and are 
exposed in nearly every ditch, field-pond, 01' other excavation. 
In the new channel of the HiveI' Soar, ,vhich ,vas made to carry oft· 
the flood water, these flaggy sandstones were so hard that the ~'ock 
had to be blasted. These shaly beds, with the flaggy sandstones, 
locally called" skerry," were included, in the old survey, with the 
principal mass of coarse sandstone; but as the latter is of some 
economic importance, while the former is of no ,-alue whatever, 
,ve haye considered it better, in the present case, to ignore them, 
and in mapping to group them with the red marl. They, hmy
eyer, occupy a fairly definite horizon, their outcrop in this map 
roughly follmying the course of the Ri,-er Soar. These beds have 
been exposed in numerous excavations on the west side of the river 
at Leicester; they dip to the east, and pass beneath the main part 
of the town; where, having been met with in numerous borings, 
they have been mistaken for the coarse sandstone of the Dane 
Hills, the so-called Upper I\:euper Sandstone. They are also seen to 
the south of the town, and in the brick pits at Sileby. In a numllPl' 
of sections beneath the town, giyen by Mr .• Tames Plant in the 
Rt~ports of the Ikitish Association for the years 187:3, 1878, 1880, 
and 188n, * this sandstone is stated to vary from 20 to 4;) feet in 
thicknefls, but there is no douht that this is an errol' brought about 
by ineluding the altel'llations of thin skel'l'Y sandstone and hard 
grey marl in one thick hed of ::;ancistone, as pointed out hy Mr. 
Browne in the following remarks upon this subject.t "rThe sections 
in Leieester do not bear out the theory] that a certain definite 
horizon obtains for thick-bedded sandstones, emanating from the 
west., and passing under the town. Indeed, little or no thiek hf'ds 

* See Appendix p, 75 et .~elJ. t Loc. cit., p. FJ3, 
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of sandstone occur after leaving the west~rn district, and what 
little does occur is found at all levels, and would be, perllaps, better 
described as 'skerries,~ by which is meant an impure sandstone 
charged with marl, or occurring as sandstone streaks between marls 
of any colour and which may be fairly thick, but, unlike pure thick 
sandstones, such as those of Dane Hills, are of no value for building. 

. Probably the explanation is that sandy 'skerries,' 
some little true sandstone, and hard grey cuboidal marls occur 
out of the sandstone district at any horizon, and that engineers, 
when well-sinking, cannot be expected to be very particular in 
their rendering of ' sandstone,' and that very often any hard grey 
substances do duty for actual rock, and are' lumped' together to 
fancy thicknesses." 

The coarse sandstone bed itself is seen at a few places along 
the line of outcrop, more particularly at Birstal, at Rothley, in 
the Fosse Road aboye Lewin Bridge, in the lane leading thence 
to Cossington, and in the village of Ratcliffe, where it again appears 
to be som81vhat thicker. It also crops out at Narborough Wood 
House in the south-west corner of the map, where it covers an 
area of some extent, considering that the bed is stated to be only 
1 foot 6 inches in thickness. 

The sandstone, although very soft when first quarried, is said 
to harden on exposure to the air; and in former times appears, 
from the numerous old "'orkings on the Dane Hills, to have been 
used to some extent as a building.stone, but it caa never have 
been very well suited for this purpose, and at present is only em
ployed as a building-sand . 

. It the top of the red marl there occurs from twenty-five to thirty 
feet of grey or tea-green marls, which were formerly included 
,,·ith the Rhmtic beds above, but are now classed with the Keuper 
for the following reasons, as given by Mr. Strahan in a recent 
memoir on a part of the South Wales Coal Field* :-" In the first 
place, no line can be drawn behveen them and the Red Marls which 
does not include typical red beds in the green series, or green beds 
in the red series. The gradation from one to the other is perfect, 
ewn the green marls themselves being of the usual Triassic type 
except in colour. On the other hand, there is a definite plane of 
sepamtion bebwen the' tea-green' series and the black shales in 
\\'hi~h the Rluetic fauna first appears. Marls of Triassic type, 
"'hethel' red or green, and the cayernous inorganic calcareous 
Lands, occur below that place, ,,,hile above it we find shales and 
thin limestones crowded with organic remains. The plane 
itself is not infrequently accompanied by an inch or two of conglom
erate, consisting of quartz pebbles, rolled teeth and bone-fragments, 
which, without indicating an actual unconformity, points to an 
abrupt change of physical conditions. Taken in connection with 
the usually sudden appearance abo\'e it of the Rluetic fauna, it 
sugg~>::;t::; the first complete invasion of the area by the Rhmtic sea.'1 

" .l.. Strahan, Explanation of Sheet 249 (Survey Memoir), p. 71. 
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The tea-green marls are well seen in the britkyal'd at ~outh 
Wigston, and ha ye been exposed in numerous exca Yatioll~ neal' 
the Spinne~' Hills at Leieester. X orth of the town they forlll the 
steep bank on the east side of the Soar '..-alley extending frolll 
Humberstone Asylum to Rlrkhy Thorpe; but north of this they 
ha \'e on1\- been met \,-ith in a fe,,· obscure sections. 

In thi~ district no organic remains, \,-ith the exception of fish
scales, and an insect-wing recorded by 111'. Harrison, * ha \'e as yet 
been found in the te<"L-gr~en marl, and there is ahnLYs a sharp Ilne 
of di"ision between them and the owrlying black shales. 

Yery few organic remains ha \'e been recorded from the Keuper, 
and most of these, as one \\'ould naturally expect, (ccur in the sand
stone. Seyeral forms of plants ha\'e been mentioned, but they 
appe;u' to be \'ery impedeet, and it i~ doubtful if some of them 
are organic. The same lllay be said of the doubtflll coral UOl'goHin 
kellprri" discowred by :JIr. John Plant,t \,-hich 111'. Bl'o\\'ne 
(loes not cOllsidpr to be Ol'gallic,t Besides these, there are a fC'w 
\\'llrlll-traeks, teeth, spines, and srnle: of fish, and other yertebratEJ 
remains. A full list of these is giWll in the ~-\.ppendix of Fossil 
Species. 

Rhretic Beds. 
,,\1 the top of the tea-green marls last desel'ibed there is al\\'a~'s a 

sharp line of diyision separating them from the dark finely-laminated 
shales of the Rh&tic beds. This line of junction is usually occupied 
by a jilin band of conglomerate haYing a peculiarly gritt~· feel, 
knoWlI as the Bone-bed. This bed, although sometimes absent, 
generally ...-aries in thickness from half an inch to t\,.-o inches or 
rather more. When met with at a little distance from the surface 
it is usually "ery hard and pyritic, but ne,lre1' the outcrop it becomes 
decomposed and much more brittle. It has the chamrter of being 
a highly pyritous and impure sandstone full of the fragmentary 
remains of saurians and fish, together with fragments of Triassic 
sandstones, pebbles, nnd coprolites. Mr. :JIontagu Browne, in 
deOlcribing the sections on the west side of the Spinney Hills, giyes 
the following account of this bed: -" There ifl a well-defined but 
friable bone-hed, varying from half an inch to two inches in thick
ness, with a dip of about 20 to the east, from \\·hence 1u",e been 
procUl'pd bOllI'S and teeth of Raurians, teeth and seales of Colo/lOi/w<, 
seales of ({Yl'oiepis alberti, teeth of Snuriehthys aeuminutus, _.:\_c/'Od/l~ 
minimlls, and Hybodus eloaeinus; tlome of these, it will be Sel'IL 
[were] unknown in Britain until discovered by Mr. A. E. Bakel' 
from the old Spinney Hill section on the New Evington side, and 
by the present writer from the new cuttings."~ 

* Harrison, Quart. Journ. Geol. Soc., \'01. xxxii., p. 214. 
t Reports of the British .Assoc., 1849, Trans. of SEctiolls, p. 64. 
t Browne, lac. cit., p. 125, note 4. 
§ Browne, lac. cit., p. 174. In laying out thc "'eotem "lope of this 

hill for building during 1892 and 1893 numerous shallow sectiolls in the~e 
beds were exposed, which have been described in great detail by "fr. 
~rontagu Browne, p. 159, et seq. 
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The Bone-bed is succeeded bv a thickness of about 17 feet of 
dark finely-laminated shales c~ntaining Avicula contorta, Proto
cardium philippianum (P. rhceticum), and other Rhootic bivalves in 
considerable abundance. 

These pass up into a series of bluish or greyish shales having a 
thickness of about 20 feet, and which are not unlike the tea-green 
marls below. 

The finest section of the Rhootie beds that occurs in this map 
is that seen in the brickyard at South Wigston, close to the Glen 
Parva Station, of which the following is a general account. 

Glacial 

Lower Lias -
Upper Rhretic 

Shales or 
White Lias 

Lower Rhretic 
or Avicula 

con torta shales 

Keuper ~[arl 

Glen Parro Brickyard. * 
Thickness, 

approximalr. 

{ Boulder-clay with pebbles and Lias fragments. 
Very few, if any, flints. 

Ft. in. 
20 0 

Band of limestone (not on west side)- - - 2 2 

} Bluish shales - 20 0 

Band of limestone nodules 0 6 

} Dark shales with a band of limestone nodules - 17 0 

{
Grey marls - - 15 0 
Red marl - - 10 0 
Band of sandstone 1 0 

The outcrop of these beds, where it enters the mal) at its southern 
edge, is wry obscure, and, were it not for this fine section, would 
be scarcely recognisable. The Boulder-clay is so thick near here 
that these beds ,wre not seen in the deep cutting where they cross 
the Midland Railwav; but a little beyond this the black paper
shales haw been nlet with in wells near Wigston Fields, and also 
in the yaBey close to Knighton Church. In making the sewer 
along the yalley here nearly the ,yhole series of these beds was 
exposed, the dark shales at the church passing up into grey shales 
capped ,yith limestone nodules, which were seen in the lane close 
to the yicarage. N ol'th of Knighton the outcrop winds along 
the higher ground by Clarendon Park and Victoria Park to the 
Spinney Rjlls, but is entirely obscured by the thick covering of 
Boulder-clay. 

At Spim{ey Hills we come to the typical sections where these beds 
"'ere first descrihed near Leicester hy Mr. W. J. Harrison.t These 
sections are now all hidden O\ying to the extension of the tmvn, but 
"lyhile the ground "'as being prepared for building we ,yere able 

* More detailed measurements of this section are given by Messrs. Wilson 
anel Quilter, Geol. Ma.g. Dec. 3, vol. i., p. 416, 1884. Also Montagn 
Browne, 'TrailS. Leicester Lit. Ph£l. Soc., 1901, p. 32. 

t The occurrence of Rhretic beds here was first noted by Mr. J. J. H. 
Teall. See Geol. JIaq .. 1874. D. 318. 
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to obtain many useful notes; among others the following section 
was exposed on the west side of the hill : 

Section, west side of Spinney Hills, near the north end of Haddon 
Street.* 

Boulder-clay resting on a distinctly glaciated surface forming a Ft. in. 
marked line with striations. The Boulder-clay itself, with many 
striated surfaces or slickensides, contains mostly Lias frag
ments,a very few quartz pebbles, limestone fragments(striated), 
and one large sandstone block - nothing to 8 0 

Dark laminated shale with selenite crystals, and much sulphur j 

yellowish, rusty-looking band at intervals, small Protocardi1t'Tn 
philippiamtm, and Avicula contorta, occasional jet-like streaks. 
Limestone nodules at east end - - about 6 0 

Bone-bed, varying in thickness from half inch to nothing. 
Te:t-green or grey marls -10 0 to 15 0 

Dip, 3° E. A small fault throwing down to the north about 2 feet was 
observed on the west side. 

The upper part of the Rha-tic series, which has a thickness of 
from 6 to 10 feet, is composed of grey and buff sandy shales with 
-.;-ery few fossils, it is a good deal stained by iron, and contains 
many small calcareous lumps (race). In the upper part of these 
shales there is usually one or more bands of cream-coloured nodular 
septariate limestone, from which Estheria minuta and a few other 
fossils have been obtained. The most complete section of the 
Rhretic beds in this neighbourhood was that afforded by the old 
brickyard at the northern end of the hill, of ,Yhich the following 
account has been giyen by Mr. W. J. Harrison :-t 

Sect·ion of the Rhu,tic Beds, Spinney Hills, Leicester. 

10. 
I). 

8. 

7. 

6. 

Petrology. 

Soil and drift 
Nodular band of limestone -

Light-coloured shales with 

Thick- • 
I ness. I 

1Ft. in. 
1 0 
o 6 

sandy partings - 4 0 

Dark shales with sandy 
partings - 1 0 

Finely-laminated black shales 2 0 

Sandstone u 

*Compare woodcut on p. 47. 

Organic Remains. 

Estheria (casts), "1 vicula con
torta. 

ilIodiola minillla, Avicula C01/

torta, Cardium r/zreiiCllm 
[Po philippia'/tU'/n]. 

Ophiolepis Dames ii, Phuli
duphorus Mottiana.! 

AviCIIla . contorta, Cardillm 
rhreticum. 

A xinus-bed. ,,'orm-tracks. 

t Quart. Journ. Geol. Soc., yo!. xxxii., p. 213, 1876. The site of thc~p 
hrick-pits is now crossed. by the streets known as Prospect Hill and Weod 
II ill. 

::: Doubtful species. See Table of FOS3ils. 
5470. c 
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Section of the Rhmtic Beds.-continued. 

4. 

3. 

2. 

Petrology. Thick-l 
ness. I 

Black shales, coarsely lami- ['Ft. m. 
nated - : 2 6 

Bone-bed ! 0 3 

Light buff sandy marls with 
hard courses j bluish 
nodules in lower part - - l6 0 

1. Red and blue Upper Keuper 

Organic Remains. 

Cyrolepis, Saurichthys a pi
calis [So acuminatus], Hy
bodus minor, Ceratodus, 
l'lemacanthus monilifer, 
Ichthyosaurus, Plesiosaurus, 
Coprolites, Sargodon tomi
cus, Acrodus, Axinus [Schi
zodus] 'elongatus, A. de
pressus. 

Fish scales, Selenite, Salt pseu 
domorphs. 

Marls - ,10 0 Selenite, Salt pseudomorphs. 

It has been considered that this section did not expose the full 
thickness of the Lower Rhmtic beds, and that the nodular limestone 
at the top was not in situ.* We see, however, no re~son to doubt 
the position of this bed, having seen a similar limestone in small 
excavations on the west side of the hill, where it apparently occurs 
itt about the same distance above the Bone-bed. If this band 
represents the lower nodular limestone of Wigston and other 
sections, the Lower Rhffitic beds are here much thinner than in 
many other places, in fact 110t much more than half the thickness 
of what they are at Wigston, four nules to the south. It is also 
evident that in this locality the full thickness of these beds above 
the Bone-hed cannot be much more than 25 feet or so, as the out
crop of this bed in Dale Streett is only 20 feet below the top of 
the hill which is formed of the higher part of the Rhffitic series. 
This is further shown by the shallow borings made in the south
western corner of Spilll18y Hill Park and by the deeper borings to 
the east.t 

The upper limit of the formation was met with in cutting the 
sewer along the )lere Road, between Diseworth Street and St. 
Peter's Road, of this Messrs. Bates and Hodges have given an 
account. from which the following is abhreyiated :-§ 

* Wilson and Quilter, Ceol.Mag., 1884, \'01. i., p. 417. 

t ~Iontagu Browne, loco cit., p. 170. 

1 See Appendix, pp. 67 and 72. 

§ Trans. Leicester Lit. Phil. Soc., 1'886, p. 23. 
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Secti~n, all, Spinney Hills, from Diseworth Street to st.' Peter's Road. 
! , 
I ' 

Petrology. : Thick-I Organic Remains. 
_---'---___________ ! n~. 1 __________ _ 

: Ft. in. 
Glacial dtift 2 5 

to 
rIO 0 

[
Decomposed and hard· blne ' 

crystalline limestone - - 4 0 

~ J' ¥ ellow earthy limestone re- 0 4 
~ sembling the aoon, but to 

less decomposed. 2 0 

Thickly - laminated ercarn
coloured shales, with a thin 
b~.nd of limcstone contain-
ing FlIO!adomya - - 4 0 

.£ 'rLight-coloured marl with red-
~ dish stains. Yery calca-
iij reolls at t{)P, with a thin 
~ I noJ.uhr limestone 4 10 
~ 'Blue nnrl - - G 3 

Cidaris Eou'ardsi, relltaCTi
nils sp., Ostrea sp., Lima 
sp., recten sp. 

Lillltl pectinoides, L. gigantm, 
Ostrea hassica, rlellroto
maria a.ngl iea, . .::1 1/1. tor liS, 

.{IIL catenatlls. Xautdlls 
striatlls, \Yood, Spines. 

Jlodiola len'is, recten sp., 
.hnl1wHites sp. 

.Axinus cloae/nlls [Isodonta 
Ewaldi]. 

The band of limestone 2 feet thick, thinning out to 2 inches, is 
considered by Mr. Montagu BrmYne to have been a boulder,* but 
although the beds were no doubt much broken up by glacial action 
we do not see, taking into account the character of the surrounding 
country, any reason to doubt the fact of their being in situ, the 
palreontological evidence notwithstanding. This would rather 
imply that the beds are higher in the series than has been supposed. 

In the low ground to the east of the Spinney Hills the RhU'tic 
beds cover a wider area than is usually the case. but are a good 
deal covered by alluvium and valley deposits. The dark pape1.'
shales have been met ,,·ith in ,yells and other exruvations in the 
district known as New Evington and New Humberstone, which 
has enabled the outcrop to be traced with some degree of accuracy. 
These shales were found in the borehole at Lodge Farm, in sewers 
near the Great Northern Station, and below Humberstone Village. 

In building the new asylum at Humberstone the lower part of 
the Lias was exposed; and a well 60 feet deep, which appears to 
have gone into the tea-green marl, passed through a nodular lime
stone at 34 feet, thus showing that the Rhretic beds here are some
,,·b.ere about 20 feet thicl,;:. 

Beyond this point the outcrop follmys the brow of the hill, but 
the beds are not seen till "'8 get to the little valley belm,- the Humbf'r 
---~---'- --.... ,~---~----~ --~-.------~---. 

* Loc. cit., p. 1i2. 
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Stone. Here the outcrop is shifted by a small fault, so that dark 
shales are seen in the ditch belm .. the farmhouse, ,,"hile red marl 
occurs nearly to the summit of the rising ground to the north. 
Nothing is seen of the Rho.>tic beds in the yalleys on either side of 
Barkby Thorpe, but on the interYenillg hill dark paper-shales were 
found along the ridge, ,yhich here forms a good escarpment. North 
of Bark])y the Rhmtic beds haye not been seen, but from seyeral 
exposure; of red and grey marls it is eyident that the outcrop runs 
back some distance up the \Yreak yalley, probably as far as Brooksby. 
Grey marls, ,yhich probably mark the top of the Keuper, are seen 
in the stream between Gaddesby and Quenihorough. and in the 
hillside about a quarter of a mile north of the latter yillage. Grey 
marls and mottled cla:"s are also exposed along the brook at Barkhy, 
and about half a mile aboye the yillage, as well as at a few places 
in the fields bet\\"een these t\yO, close to the edge of the great mass 
of Drift which COWl'S the country here. There is no doubt that 
the outcrop of the Rho.>tic beds foIl~\ys the base of the Boulder-clay 
yer:" closely along here, and that the greater part of the formation 
is just hidden by it. 

North of the "'reak yaIle:" the outcrop is shifted about fise miles 
to the west by a fault ,yhich brings in the Lias directly against 
the I\.euper }farl along an east and west line running a little to 
the north of Thmssington and Sileby; so that Rhmtic beds are 
not seen again till ,ye reach the banks of the Soar at Barrow, in 
the next map. The absence of the Rh&tic beds m"er the higher 
gl"01111d on the north side of the Wreak was proyed in a well at 
the Roman Catholic college, ,,"here the Boulder-clay, which is 
about 80 feet thick, \\";is found to rest directly on ted Keuper 
}Iarl. * 

* S(c A ppcndix, r. !Jl. 
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CHAPTER 1\-. 

LIAS. 

The Lias is separable both from its petrological charadeI' and 
the nature of its organic remains into three distinet horizons, 
Lmyer, .lIiddle, and Lpper, each of ,,·hich is further cli\"i~ible into 
zones chamcterised hy particular assemblages of fossils. 

Professor Judd, \yho sm·yeyed the country to the east, estimated 
that the total thickness of tile Lias was ah"out 800 feet, but from 
8\·idence ,,"hich has since been ol)tained the maximum thic.:kness 
of all three diyisions must be at least 1.100 feet; and, e\"en ,,"here 
some of the diyisions are thinner. it cannot be much less than 1,OUO 
fpet thick. The Lias coyers neady the whole of the area E. of 
the Soar and ',"reak yallen:, but it is so much cowred oyer hv 
Glac.:ial heds that it is not ex"posed o"er a large part of this area. " 

Lower Lias. 
This diyision consists of a series of thin argillaceous limestone 

hands and shales in the lo\wr part. and a thick series of clays 
or shale in the upper. It occupies a broad stretch of country on 
the east side of the Soar \"alley, extending as far as a lim' dm I\"n from 
""hissendine to BUlTO"" on the Hill, Billesdon. and Illston on thp 
Hill. Oyer a large part of this district the beds are completel.'" 
hidden by Boulder-day; it is, therpfol'e, chipth" beneath the .lIiddlt 
Lias esc~rpmpnt, and" along the numerous s{llall streams flowing 
into the Soar, that pxposurps in the rock arp likpl~" to he met with. 
In the description of the countr~" to the north-east it has been shown 
that the Lmwr Lias is diyisible into four principal horizons, * yiz.:
The Clays aboH the Ironstone (Zones of ..:t. capricoT/lIls, A .. Jamesoni, ~·L 

a.TJl/atus, and ~t. oxynotus). 
The Ironstone Beds (Zone of cL semicostatus). 
The Clays below the lroIl~tone (Zones of cL BucHa ndi and cL angulatus). 
The Strenshami or Limestone Series (Zone of ~L planorbis). 

In this map these diyisions, O\\"ing to thp thinnillR out of the 
Iromtone Heels, are not all of them so ,,-ell marked, althou~h the 
separation into thp more numerous pah"pontological zones may be 
faidy carried out. Thpsp zonps lllay he re('o~niHed \yherewr then' 
are good sections; but the cOllIltr~", as ,,"e haw said, is so thickly 
('owred with" Drift" that it is only in a wry few placps that this 
can bp done. Mr. H. E. Quilter, in descl'ibing the Lmwr Lias of the 
whole county, has diyieled it into the abO\~e ei~ht zones: ; hut, 
\"ithin the limits of this map, there are clear pxpmmres of only 
three of these, although there are indications of the others. 

The thrpp highest of these, thp zones of A. capricornu:>, . ..-t. Jllme-
8oni, and A .. arm(/tll.~. haye bepn lJy somp authors included lI"ith the 
Jliddle Lias; but the reasons f~r and against this dassitil'ati()ll 

* The Geolof7.11 of tile south-west po rt o/Lincolnsltire (Snr\"C~': lcmoir), p. :2:2. 
+ This name should not be used in future. See H.B. Woodward, 

The JUJ"(lssic Roch of Britain, vol. iii., p. 146. 
! Geol. JJag., Dec. 3, yo!. iii., p. 59. 
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haye been so fully discussed in other places* that ,ye need not enter 
upon the subject here. 

In describing the outCl'OP of the Lo,yer Lias it "will be best to 
trace the lower portion first across the map, and then take the 
higher beds ,yhich are only exposed along a narrow tract of country 
below the 1Iiddle Lias escarpment. 

The lower portion of the Lias is best seen just beyond the northern 
edge of the map, in the neighbourhood of Barrow, ,yhere the 
numerous pits that are constantl:-" being ,,"orked for these valuable 
limestone bands a±iord a series of interesting sections. These pits, 
being opened nearly on the same horizon, are very similar to one 
another, and show the great Ulufol"lllity there is in the character 
and thickness of the bed~, the nU'iations obsen-ed in them arising 
chiefly from their difference in position and depth. The following 
section, kincU,," supplied b,," :JIr. 1Iontagu BrO\yne, giws a good idea 
of the general chanlcter of these beds at Ban'o,," :-

C:cllcral section at the lime pits at BarrolC.t 
--Li.llOlllgical character alllL I" Thick- O· R . 

lcll'al ll<lllH'. nl'''''. rgalllc emams. 

~,)il <111,1 Drift -
Argillaceons sln1e -
Limestone (Bank 11ms) -

I Ft. in. 
3 0 
[) 0 
o 3 

Shale (The Roak) -
Limestone (R ullllllels) 
SILlle (Rulllmels Calf) -

- 16 0 
010 
J 0 

Limcstone (First floor) -
Shale (Second-floor Calf) 

Limestone (Second floor)
Shale (Hur Calf) -
Limestone (Hurs) -

~ I 

Shale (Hog Calf) -
Lilllestone (Hog an(1 Second 

Hog, sometimes including 
a shale of 2 inches)

Shale (Bottom-floor Calf) 
Limestonc (Bottom floor) 
Shale (Good-for-not bing Calf) 

Limestone (Good for not hing)-

Shale (Four-foot Calf) -

0 
1 

0 
0 
0 
1 

0 
0 
0 
1 

0 

2 

6 
0 

6 
9 
6 
6 

:3 
6 
6 
0 

4 

6 

Limestone (Foil\" foot) - 1 0 
Shale , -
Limestone (Black Rum-i ~ ~ 

mels) - - - -:8 ~ 
Shale - - - -!" ~ ;:;. 
Limestolle (,,'hite Rurs) I 8" g
Shale - - - -) p..~ 

Schlotheimia angulata. 
Cidaris Edwardsi. Schlotheimia 

catenata. 
Plesiosaurian remains. 
Angulata zone. Lima. Pecten. 
Psilocera.s John.stoni, very abull-

dant. 
Psiloceras planorbe, rare. , 
Ichthyosaurian remains. VariollS 

Fisl;es and Saurians. 
Palceotcrmes Ellisi. 

Lima. 
Dapedius. 

Psiloceras planorbe. Dapedius. 

Dapedius and various Fishes. 
\'arious Saurians, Fishes, and In" 

vertebrates. 
Psiloceras planorbe, abundant, and 

various Fishes. 
Various Saurian remains and 

Fishes. 
Psiloceras planorbe commences. 

* J neicl. Geology of Rutland (Suney :\Iemoir), p. 45. Blake, The Yorkshire 
Lias, pp. 14, 16. The Jurassic Rocks of Britain (Survey Memoir), vol. i. 
p. 28, by C. Fox-Strangwavs ; vol. iii., p. 187, by H. B. "Woodward. 

t Compare section by Han:ison, Geology of Leicestershire andRutland, p. 37. 
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Beds of limestone and shale are frequently t'xpl),;ed along the 
stream course behyeen Sileby and SeagraYe, but the strata are 
so much disturbed along this yalley that the general sequence of 
the rocks is not Yer:- clear; the.,- appear, hm,"eYer, for the most 
part to belong to this zone. The lime'Otones were ,yorked in fonner 
times at Seagra,Ye, but the pits haye long been closed. 

Along the yalley of the ,Yreak they again come out in tllP small 
streams neal' Thrussington and Hoby, and a strong band of lime
stone, with Am. [Psiloceras] planorbis, is seen in the raihYa:- cutting 
just north of Rotherby. 111'. Judd mentions that traces of the 
Fish and Insect Limestones, Imyer l);lrt of the zone of ~~. pia l1orbis, 
,yere found in the raihyay cutting at J"::irby, * ,,,hich seems to 
show that if the beds are not repeatpd b~" faults the~- must be I~-ing 
llearl~- fbt along this part of the yalle~-. This sectiull is no,,-, unfm'
tunatpl:-, entirely obscured; and, not kno,,"ing of the aboYe obser
";ltion at tllP time, there was considemble difficult:" in arri\-ing at 
a l'onclusion whether it mIS cut in solid sil'aLl at all. 

South of this yalle.'" there are no sediollS in tllP Lias till ,ye gpt 
ttl the stream fimying p<Lst Gaddesby, ,,-here the solid strata lJegin 
to emerge from beneath the Boulder-cia.'-, and may be follmyecl 
along the bottom of the branching yallpy~ to the east. Sections 
are, hmyeyer, not yery good. The limestone bands ,yere at one 
time worked at Ashby Folyille, but the qua~Ty is now full of ,,"<ltPl·. 
From the spoil-heaps here ,ye obtained Lima giya ntell and a rselldo
manolis, the limestone beds containing a good deal of fossil \YOO(l. 

~-\.bout half a mile aboye the Yillage some impure limestone bancl~, 
with small cement nodules, and shales containing Pecten Th ioll ieri 
and Gryphrea a rcuato, crop out in the stream. -

At T,yyford Lodge there is a small scar shmying blue shale and 
limestone with Lima pectinoides and a small recten; while bet"'een 
the yillage and the raih"'l}' yiaduct there are seyeral small spctions 
in shales, from ,yhich ,yere ohtained Am. [.Eyoceras] IJrCl:ispina, 
Belemnites (fragment),recten l twula ris, C!-ryplu('(1 c,llmbillm, ~~rcomyll 
sp., and close to the yjaduct, Am. [.Egocems] Jamesoni, Bclcmllitcs 
acutus? (fragment), Grypluca c!/mbi um, C; 1'.11 pl/(('(/ SII., and U reilsl!fa 
intermedia, showing that here we are getting into higher ZOllP~. 

In the next yalley to the south, sta!'tillg from (~lleniborough, 
we first obsprye Lmyer Lias beds about a mile east of the church, 
but nothing yery definite is seen till we ('ome to South ('!'Oxton. 
On the hill to the south-west of this yillage, about 300 yards from 
the fOx-CO\'el' of Barkby Holt, there is an old pit which appears 
to have been worked for ironstone. This ironstone, \ye presume, 
is on the horizon of the A. semicostattls ht~cls, \yhieh obtain SOllle 
importance in the lllap to the llorth-em;t; but "'e were not able to 
obtain an~" eyidence to yerify the point. ] II the yalle~- thin lime
stones and shales occur with (} ryph(('n Ilrcuata, Limn yiya1!tm, 
and a Pinna, so that these llluSt be still ill the A. DtlCklandi bech 

* Geology of Rutland (SUfYcy Memoir), p. 58. 
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Further up the valley, nothing definite is seen till we get nearly to 
Loseby, and reach the higher zones of the Lower Lias. 

In the yalleys, which run dOiYll on either side of Ingarsby Station, 
Lias beds are frequently seen, but there are no sections that call 
for particular notice. About 500 yards north-east of the station 
there is a steep lxUlk abow the stream sho'wing shales 'with nodules 
of whitish limestone containing Rhynchonella tetrahedra, and n 
large Pholadomya; ,,·hile a little further dO"'n, at the old brick
~'ard, ironstone fragments are seen lying about, but the section 
here is no\y cowred up. It is, hOi\'eyer, wry possible that this 
is about the horizon of the ~·L semicostatus heds. }'ollo"'ing dmnl 
the yalley tOiYards Beeby \ye pass oyer limestone bands \"ith crinoids, 
and below the \'illage reach shales ,,·ith sandy bands containing 
GrypluC({ arcuata. 

In the yalley to the south these beds are better seen, especially near 
Keyhalll, where \"e obtained Am. [Ariet.] sauzeanus, Am. [Ariet.] 
semicostatus, al'!JphlJ3'~ arcuata, and Pecten (fragment). At the 
"iaduct near here there are some hard calcareous beds with Am. 
[~-leg.] Bucklam/i. UrYllluCQ arcuata. Lima gigantea and many other 
fo,;sils : so that it \\'ould appear that the higher ground about here is 
on the horizon of the ~-l. semicostatus beds, while the valleys cut 
through into tho,;e of the ~-l. Bllcklandi zone. The lithological 
eharacter of the beds is shOinl by the ,,'ell at Ingarsby Station. * 
Further eyidence of the X sem icostatus beds is giwn by the cuttings 
at the western end of the Ingarsb,v tunnel, "'here there is a COll

siderable exCayatioll in dark shales yielding-
.1m. [Arietites] Co nybearei, Sow. 

" [ " ] sauzeanus, d'Orb. 
" [ " ] semicostatus, Y. & B. Very abundant. 

Belemnites (cylindrical form). 
Am1.Jedeya Chapuisi, Terq. 
Rhynchonella plicatissima, Quenst. 
Gryplirea a rCllata, Lam. 

n cymbium, Lam. 
jIodiola (fragment). 
Serpula. 

Along the railway between here and Thmnby there are sewral 
RhallO\\' cuttings in Li,lS shales, the spoil-heaps from which yielded 
to 111' .• T. D. P,ml, at the time the line ,,'as being made in 1882, 
the following list:-t 

I cli thyosaurus (Yertebnl') . 
..1.111. Bucklandi, Sow. 

" Conybearei, Sow. 
catenatus, Sow. (one specimen only), 
obesulus, Blake. 
saUZeCLnl1S, d'Orb. 

" semicostatus, Y. &; n . 
• Yautilus striatus, Sow. 
Belemll Ites. 
Eucycius eiegans, Mlinster. 

11 ndulatus, Phil. 
.~ Appendix, p.88. 
t Trans. Leicest~r Lit. and Phil. Soc., 1883', p. 50. 
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Gervillia ? 
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Grypha:a arcliata, Lam. 
Lima gigantea, Sow. 

n pectinoides, Sow. 
Ostrea hassica, Strick!. 
Pecten aoqll iwlvis, Sow. 

" 1lIlllllaris, Roemer. 
Plicatllia ,opinosa, Sow. (Harpax Parkinsonil 
Cardillia Listeri, Sow. 

" cardioides l? enicardium]. 
Gresslya IlInlllata 'I, Tate. 
Leda aoquilatera 7, K. & D . 
.lIodiola hillanoides, Chap. & Dew. 

n scalprum, Sow. 
RhYllchollelia plicatissillla, Qucnst. 
Serpllia. 
lIemipedilla (spines). 
Pentacrinites. 

25 

These no doubt indicate the greater part of the A. Btlcl.:landi zone, 
with their passage into the ~.t. semicostatus beds abO\-e. 

Further 'Yest, where the raihyay (Tosses the rppingham Road, 
there is a cutting in brmnl and gl'ey shales and limestone bands 
,,-itll Lima gigantea, Gl'yplw!a a/'cuata, Jlodiola mill ima, and a 
Xautillls. Mr. Quilter records ~.tm. catenatus from here. From 
the general position 'Ye should think that this cutting is just at 
the junction between the ~.t. Bucl.·lalldi and ~.t. angula/us beds. To 
the south of this, at Crmnl Hills and Eyington, 18H feet of Lias ,,-ere 
proyed in the deep boring there, containing no less than thirty-four 
hands of limestone, although most of tlwm ,,-ere Yery thin. In 
the quarry near here a portion of these beds is exposed, from wlJich 
"Yr. Quilter records the follmying list :-

A .. mnwnites Charmassei, d'Orb. 

Cryptd:;tia. 
seipionianus 1, d'Orb. 

Grypha:a arCllata, Lam. 
Lima gigantea. Sow. 
Pecten III /llIlaris, Hoemer. 
Cardinia Lisler! '?, Sow. 
Lcda. 
J[otliala ? 
['lIicllrdilllll cardiaidc,o, Phil. 
HhYIiCho1ld11l Illiclllis,oillla, Qtlen~t. 
{'idaris ? 
Pentacrinlls briarells, ~[ill('r. 

This section is now lllu('h ,,-orn dmrn, but Mr. l)lant has prpsened 
the record of it * and seyeral other sections that ,,-ere mnde b,- the 
Eyington Coal Boring Company het,,'een the years H17G and iSSl. 

In the yalley south of E"ington, and near Knighton, there 
are a fe,,- exposures of Lias beds, hut nothing of nny im
portanee. In the field below Ashfield House a sinking 
of 40 feet is reported to han hepn in fossilifprous shales. 
,,-hich from its position probaLiy reached the Rhretic beds; and 
a ,yell in Stone!-gate also appears to han been sunk to the samp 

* Appendix, p. ,4. 
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strata, but unfortunately the information is not yery precise. 
)lore definite eyidence of the base of the Lias was furnished in 
cutting the smyer that runs along the Knighton yalle~", ,yhich 
proyed the A. plaTWrbis beds at South Knighton, and entered the 
Rhretic beds, as we ha\'e noticed aoo"e, about 200 yards from 
Knighton Church. South of this some bands of '''hite and buff 
flaggy limestone may be seen in the southern branch of the stream, 
and the ,yells at \Yigston Fields appear to reach Rhtetic beds at a 
\'el'y slight depth. In the railmlY cutting just beyond here we 
gather from Mr. Plant's 11:SS. that two or three beds of limestone 
\"ere met with, but no fossils are recorded. The surface of the 
Lias appears to ha"e been much disturbed by glacial action. 

In the clay-pit at Glen Pana Station the base of the Lias is 
seen resting on the Rhretic beds. There is here, as \ye haye noticed. 
11 band of limestone :2 feet :2 inches thick, which \ye take as the base 
of the Lower Lias. It contains the uSllal characteristic Lias fossils, 
\\'hile the shales below are yerY unfossiliferous. These lower beds 
outcrop under most of the to\~"n of South 'Yigston, but the only 
exposlll'P"; about here haYe been in shales. Thin limestone 
bands \\,pre seen along the 11:idland Raih"ay at Wigs ton Station, 
and nem' Kilby Bridge and a few other places; but the best section 
is in the large quarry at Kilby Bridge, ,,"here these beds are ,yorked. 
There are said to be twenty-one bands of limestone in this quarry, 
but only seyenteen are worked. The bands of limestone are sepa
rated by soft crumbh- shale, and not lw hard and firm shale 
(~la\'ill), 'as at Barrmy .. Yery few fossils are 'fuund here, except Lima 
yiga nt('{J, which is faid!" abullClant. 

The hyo streams ,\'hich unite at Great Wen afford a few ex
posures in Lias shales. At Little Stretton these contain Grypha:a 
a ('cuata ; and in a clay-pit at the side of the r ppingham Road there 
is SOllle grey clayey shale, ,,·ith a band of small ironstone nodules, 
,y hich 111'. Quilter has referred to the zone of ~~. oxyrwtus; but 
this pit is not worked now, and we could not find any fossils. 

In the north-east corner of the area the L0'\'er Lias is exposed 
0\'81' most of the Imv ground below Burrow and I,ittle Dalby, but 
there are yery few sections at the present time, except along the 
stream Howing north past I"eesthorpe. A band of limestone, 
\\'ith Tcrebratula pUHctata and two small species of Pecten, much 
crushed, \\'as also seen in the stream near the Grange, north of 
Littlp n<llh~". A little to the south of this I)rofessor Judd records* 
~-1.m. JI17"Jlcsoni, Sow., Hippopodillm ponderosum, Sm"., Gr!lphcw 
oblipwta. Slm., Oryplw!n cymbium, Lam, (G. MacCtlllochi, SO\\".), 
Aricllirl sp., Belemnites, and joints of Pentacrinus, from the ,,"est 
side of Little DalbY; and on the other side of the hill, Am. 
Mtlllyl'lIcsti, d·Orb., ·~-1.m. armatus. Sow., Belemnites sp., Grypha'a 
obI iq!w ta, SO\\' "PI icatula spinosa, Sow., and .11ontliraltia 1'u!!osa, WI'. 

Aloll~ the stream coming down from Ouston, and in the Mare" 
field yalley, there are many sections in the upper part of tIle Lower 

, Geologv oi Rut/and (Geological SUrYey :\Iemoir), p. 61. 
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but the cle,lrest exposures are ,It Loseby, a little south of 
In the old brickyard here there is the follmying section :-

Section at £oseby Brickyard. 
Surface clay. Ft. lll. 

G. Shales with ferruginolls nodules, nry few fossils G 0 
5. Obscured (? shale with _!mmollites, &c.) . 0 U 
4 . .Nodular band decomposed to yellow clay (Large septaria of Judd) 0 3 
3. Shale, harder and more laminated . :2 G 
2. Hard calcareous band with Pecten (Indurated stone of Judd) - u 
1. Shale with slllall round nodules, Gryphcea cymbillin . :2 U 

From here we obtained ~-tm. [.Egoceras] armatlls, .-\m. [.Egocerw;] 
densinodus, Gr!Jpha'a cymbium, and Homomya. This section was 
again yisitBd at a later date hy the \uiter, in company ,,-itlt 
1Ir. 1Ionhlgu Bro\yne, ,yhen by the help of some small excayations 
a sorne,yhat fuller list ,yas obtained. These, through the tourtesy 
of Mr. Browne, \ye are able to gin belmy, with the addition of 
those preyiously recorded by Professor Judd. 

N 

Fossils lrom Los('l'!i lJric!.yard. 

~ ____ ~ ____ ~ _____________ J! udd_1 ~_ :2. 

Saurian vertebra; . . . . \ x - -
Belemnites acutus, J1 iller· . . x - x 
A,m. [OxynoticerasJ Coynarti, d'Orb. I x - -

" [Phylloceras] Loscombei, Sow.' x - -
,,["Egoceras]armatus,Soll'. - x - -

[ " ] subplanicosta, Oppel t x 
[ " ] densinod us, Q lIenst. t 
[.\rietites] )Iacdonnelli, Portlock 

(_lm. nociotianllS, 1rr. nun I 

d·Orb.)t -
[Psiloeeras] aplanatlls, Hyatt 

(Am. tardecrescens, Blake 
non Hauer) t . 

Xautilns truncatns, Sou'. -
_~cta;onina sp. 
Cerithiulll sp. 
Pholadom~'a ambigna. SO/l'. 
Panopru<\ elongata, Roen!el~ 
U nicclrdium eanlioides, Ph il. 
Gresslya (ncar to intcrmedia, Simp.) -
Cardium trullcatnm, Sou'. 

" sp. 
HippopoditlIn ponderoslllll, SOli'. 
Cardita llmlticostata, Phil. 
Canlinia Listeri, SUIl'. 

" sp. 

x 

x 
x 

x 
x 

x 
x 

x 

x 

x 

x 

x 

x 

I 
I I 

3. ~L I j'l G. 
-~- --- -- -- -

x 

x 
x 

x 

x 

x 

x 

-1--
! 

x 

x 

Area Stricklandi, Tate (A. trullcata, 
Bllck-m.) . 

" sp.· -l- -I 
~Iodiola sealprulll, SOil'. x 

" hillana, 8011'. x 
xi- , 

I 
-1-

t Species marked thus have been determined hy )Ir. R. R. Buckman. 
Those m<l.rked N are new records from this locality. The filinres in the 

-last six columns refer to the strata in the section ginn abon. 
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Fossils front Losco!} BI>ick!}ct/>d.-contmlLcd . 

-- . Judd. 1. 2. 3. 4. 5. 6. 
-- -- -- -- -- ----

.A vicula sp. - - - - · x - - - .. - -
X Pecten Thiollieri ?, Martin · · - - x - - - .. 

" 
textorius, Seldoth. · · - x x - - - -

" 
calvus, Gold/. · · · - x x - - - -

" 
sp. · · · · · - - x - - - -

Limea acuticosta 7, JIiinster · · - x - x - - -. 

Lima pectinoides, Sow. · · · - - x - - x -

" 
gigantea, Sow. - · · - - x - - - -

" 
Hermanni, roltz. · · · x - - - - - -

" 
sp. . · · · · · - - x - - - -

Plicatula sp. · - · · · - - x - - - -
Grypluea cymbiul1l, Lam. · · x - - - - - -

" 
obliquata, Sow. · · x - - - - - -

" 
sp. - · · · · - - x x - - -

Ostrea sp. · · · · · - x x - - - -
Rhynchonella nriabilis, Sehloth. · - x - - - - -
Ditrupa? etalensis. Piette - · - x - - - - -

X Extracrinlls sp. · · · · · 

I 
- - - x - - -

Pentacrinlls sp. · · · - - x - - - - - -
-~----~--- ------ - - . 

In and neal' the railYnl,- there are sewml sections in the zones 
of ~-!.. Jamesoni ami J ... cal~l'iconllis. From the deep cutting at Cold 
Xewton ,ye obtained Am. [Ariet.] sameanus, Belemnites, ~4.ricula, 
Limn pertinoides, Plellromya costata, Piicatliia spinosn (abundant). 
Terebratuln (fragment), :::Jerpula, Pentacrinus; and in ditches near 
Hamner's Lodge .:tm. [~-!.('g. ] ('a pI' ico I'1WS , Belemnites sp., Eucyclus 
imbl'icatll~, Piicutuia spinosa, and Serpuia,. At the station there is a 
hard band of limestone ,yith Rhynchonella tetrahedra, Cardinia sp., 
etC'., which is probably WI':- neal' the junction betwp.en the Lower 
and 3Iiddle Lias. 

Some hard beds of limestone crop out in the little stream on the 
north side of Billesdon; and, where the lane to Billesdon Cop low 
crosses, fel'l'llginous shale and hard bands m'e exposed containing 
Pecten Cf.!lllliwlris, A.rm Stricklandi?, Jlodiola sca.lpJ'um, Rhyn
chon{'l/n iineata, and Belemnites. These beds must be YeJ'Y near 
to the top uf the Lower Lias. and possibly should be inclu'ded in 
the }fiddle Lia'l, but without furthel' eyidence it is impossible to say. 

In this neighbourhood two bOl'ings haye been put down into 
the 10,,-er Lias, which show the great thickness these beds attain 
here. The first, ,,-11ich WitS sHnk about the year 1833 on the south 
flide of the hill at Bi:JeOldOll Coplow, was ~lade in search of coal. 
This boring, it is eyident both from the depth sank and from the 
character of the stmta penetrated, did not reach the base of the 
Lias, although supposed to haye been sunk in true Coal Measure~. 
Professor .T ndd (Geology of Rutland, p. 62) giyes the depth of 
this boring as more than GOO feet, hut the account giyen by Holds· 
"'orth, of which ,ye giye an abstract in the appendix, does not 
'Illude to so great a depth as this. * Another boring ,,-as put down 

-x- See p. 88. This is the boring to which the anecdote of Professor 
Sedgwick related by Professor Jukes (LIfe and Le~ters of 7.. B. Ju,kes, 1871, 
p. 467, quoted by Harrison, Geology of Leiceste1'shzre, p. 3) IS supposed to 
refer. 
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in 181:17 close to the Billesdon Brook, three-quarters of a mile south
west of the village. This proved oyer 700 feet of Lias beds, and, as it 
commenced beneath the outerop of the Middle IJias, the full thick
ness of the I,ower Lias cannot be mnch short of 730 feet. 

South of Rillesdon the Lower Lias is brought up hy a fault, so 
that its outcrop is shifted some distance further east. It crops 
out in the vallevs to the south of Rolleston, ,md ,ms met with in 
a well at IlI~tOl{ Hall, which is said to have been sunk 110 feet 
in grey shale ,,-ith mueh selenite and pyrites. Dark shales 
were also thrown out of a ,Yell at Three Gates, hut no fossils could 
be found to fix the horizon of the bens. 

In the streilll1 due east of Rollestoll dark and gre~- shales with 
nodules containing ~-\.m. [_-\.eg.] capricornlls were found, and a little 
lowerdowll there are seYeral sections in shales with ironstone nodules, 
showing that this v,Hley is cut dmnl into the upper part of the 
Lower Lias. The vallevs further east-that. is, the Eye Drook and 
t.he numerous small streams uniting at Hallatoll-do not appeal' 
t.o have cut through the A. margaritatlls shales of the ~fiddle 
Lias. Prof. Judd- suggests t.hat the A. capricorntls heds may 
have heen reached at. the bottom of the clay-pit at RaHaton 
brickyard, hut as the Rocl;;:-hed crops out at the road, there 
is not sufficient room for the full thickness of the A. margaritatus 
zone. 

Middle Lias. 
FIG. 4-r itlage of Smnerby, Rutland, situated at the head of one of the 

deep sinuous valleys of the great escarpment {ormed "!J the JI arlstone 
Rock-bed. (P. Ru.tley.)t 

* Loc. cit., p. 6~. 

t FrJrn GeoloJY of Rutlan,i, p, ,,):l. 
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The ~iiddle Lias consists of two important divisions, the Bock 
bed and the shales below, corresponding to the two palreontologieal 
zones of A. spinatus and A. margaritatus. These are eaSily 
recognised wherever the rock crops out free of Drift. As·the beds 
are best exposed about the centre of the map, near Billesdon and 
Tilton, where they attain their greatest thickness and form bold 
escarpments, it will be as well to describe the section here before 
proceeding fmther. 

At Tilton Station the whole thickness of the Rock-bed and a 
portion of the A. margaritatus shales are cut through in the 
follmving section:-

SectiOlL in the Rail u;ay Cutting at Tilton. * 

Massi\'e ferruginous sandy limestone 'with Am. [Creloceras] 
communis, Am. [HarpocerasJ e,legans?, Belemnites, etc., 
very abundant in a matrix of white calcspar on the 

Ft. m. 

surface - 6· 0 
Soft sulphury line. 
Rock, much jointed and broken - 4 0 

" with hard grey lenticular patches full of brachiopoda- 4 0 
Marked band of rock crowded with brachiopoda - - 1 0 
Massive rock with scattered brachiopoda - . - 2 0 
Grey sandy shales - - 3 6 
Sandstone - - 2 0 
Sandy shales (at the bridge and behind the signal-box) and 
_ limestone bands with pyrites. Pentacrinus about 25 0 

Sandy shales (in the stream) - - 10 0 to 15 0 
Hard sandy bed below. 
Ironstone nodules and shale in the stream further down. 

Total thickness of Rock-bed about 18 feet. 

The Middle Lias enters the map in the north-east corner at 
Whissendine, the Rock-bed being seen in the road at the east end 
of the village,t just beyond the limit of this sheet. It has been 
quarried in the valley east of Roulback Lodge, where it forms a well
marked plateau. It again crops out in the valley on the other side of 
Ranksborough Rill, and makes a conspicuous feature on both 
sides of the lake, as well as in the other branch of this valley 
nearly a mile further west. 

The general escarpment of the Middle Lias being complet.ely 
coyered by Drift between Whissendine and Piclnyell, these are 
the only e~posures of the Rock-bed between these villages, but the 
A. margaritatlls shales crop out all along the valley, and at the time 
of the former survey were well seen in the brickyard where the 
Oakham road crosses this stream. From these dark hlue clays 
"ith septaria Professor Judd gives the following list of fossils :-

~ A very full account of this section is given by E. Wilson and W. D. 
Cnck, Geol . .Mag., 1889, p. 296. 

t Kat west end, a$ stated in the Rutland Memoir. 
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RAILWAY CUTTING, TILTON. 
Section showing Upper Lias Shales resting on t he Bock·bed of the Middle Lias. 

F,·om a Photograph by .d. IV. Sea,·ley. 
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Fossils from the Old 1rhissendirw BrickyaTd at Rocott. * 
Ammonites marga rita tllS, De ~Iont. Xormal form; speci-

mens very numerous, often of large size and great beauty. 
Belemnites paxilloslls ? Schloth. Yery large. 
Pecten sublrevis, Phil. 
Cardium truncatll1n, Sow. 
Lima pectinoides. Sow. 
Jlodiola scalprum, Sow. Yery abundant and large specimens. 
Jlya;:ites (Plellromya) 1I11ioides, Rom., sp. 
Terebratlila. plil/ctata, SO\\·. 
Rhyne/wI/ella tetrahedra, S(1\\-. 

Serp1l1a sp. 

At l'iebwll the :llirldleLias gets cleal' of the Drift, and the Uock
lJPd forms the miu'ked tabular feature "'hich is so l'haraeteristic 
8f the roek. This table-land, ,,-hich is hounded by a bold escal'j)
mellt on the north and west, dips gentl:- to the east; it extend" 
as far as Somerb!' on the south and Burrow Hill on the west, where 
it att'1ins a height of ti8D feet ahow the sea, fOlming one of the 
most conspieuous landmarks of the district. The ~l. m{ll'fjll I'itail's 
shales crop out on the steep slopes belo,y, both tn the north and 
,wst, anel in the deep ral1lif~-ing Yalle:-s on either side of Somerb:-. 
They \wre also met ,yith in a ,wll at BUlTo\Y on the Hill. 

ll~tween SOlllerhy and Ouston the outcrop is masked hy Drift, 
and the roek is seen only at a few places; the most important 
exposure being at the old briek:-ard about half-way bet,Yeen the 
!.\yo villages, where the A. margaritatus beds haw heen ,yorkI'd 
a short distance below the outcrop of the Rock-beel. Of this 
section, ,yhich is now entirely obliterated, l)1'Ofessor .Judd gi\-es the 
following acco'J.nt :-

Section at ()lIston Brickyard. 
1. Soil. Ft. Ill. 

2. Light-colonred clar only partially exposC'd. 
3. Band of ironstone - 0 G 
4. Blne, highl~- micac('ons and pyritons clay 3 0 to -4 0 
5. Blne, Rand~-, calcareons and highly micaceons rock, 

crowded ill plac('s with fossils .) II 
G. Clar similar to -1, bnt with balHls of s('ptaria -

Tbe fossils 'Wl'e heautifully presenecl and 
t,he £ollmying list :--

:21 0 to 
bottom pf the pit. 

an' enumerated ill 

Possils from tht' Jlirldlt' Li((.~ ('111,1/8 of (),/.~ton nrick.'ll/rd. 
"lll!lIIollites lII(/TgaTit(/I/I.~, 1)(' ~ront., t~-pi('al form. \('r.\-

abundant; lIlany of 1h(' sl)('('inll'nR attaining a grp;t1 ~izp. 
J 1II1l/onite,~ norm(/n/anll.'. (l'Orh. 
nelemnites elollg(/tll.~, ~Iill. 
jJ,·lell!nites sp. 
lltlicill(/ e.l'l'lIn.<O, So\\". sp. 
(1stI'm Sf!. 
l'fcten a:qlll'valvis, Phil. 

" subln'l'is, Phil. 
;t l'iCllln illn'qllivalvis, Sow. 

* Rocart on the old one-inch mal'. 
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Jlytilus hippocampus, Y. & B. 
" scalprum, Smy. Yery yariable in form; 

abundant. -
Cardium truncatnm, Sow 
Pleuromya un io ides, Roemer., sp. 
Plwladomya decorata, Hartm. 

ambigua, SO'Y., \"ar. 1. 
Serpul~ sp. 
Pentacrinlls Sp. 

very 

In the neighbourhood of the railway at Tiltun the ~liddle l,ias 
again becomes clear of Drift, and forms a series of bold headlands, 
which lllay be easily followed as far as Rillesdon. At Life Hill, 
near Billesdon Coplo,,", ,,"here the outcrop extends furthest to the 
,,"est, the Rock-hed rises to an elm"ation of 700 feet aboye the sea. 
~\t the foot of thi::;; ~he sandy shales of the A. rnarga fitatlls beds crop 
out. Thev consist of hlue and vellow shales. with ironstone nodules 
and hard' calcareous hands. 'These heds ~]"e found in the steep 
slope immediatel.," below the escarpment of the Rock-bed, and rarely 
extend for any great distance he:'ond it. They may be followod 
from the Tilton cutting to Losebv Station, where they form the 
ri::;;ing groLinci imllleciia'tei.'" to the" south. It is doubtful whether 
a portlOn of the l)pds seen in the cutting here should not also be 
included in this zone. 

Around Rillesdon Coplo,,- these heds form a rather more exten· 
si,-e outcrop, being seen in the lane going down to Ingarsby, and, 
in t,,-o or three shallow excayations ,,'est of the house. From 
a ,yell near the farm, "'hich ,yas 47 feet deep, we obtained Am. 
[LytocerasJ cornucopia, Pecten lI'l]uil'aJris, and Arca StrickLandi ? 
Tlw old boring hen' is also just ,yithin the outcrop of these beds, 
whieh it must haye penetrated for a fe,,- feet. * 

In the lane leading to Billesdon, close to the bridge, there i:-J 
as ,ye haye notieed, a hard band of blue limestone with Arca Strick
landi (i), Modiola scalprum, RhYl&Clwnell£t lineata, Delemnite,o, 
ete. ; and some yellow sandy shales with ironstone nodules con· 
taining Pecten (~I]U irall'is a;'e seen a little further up the valley 
which, although probably representing the upper part of the 
~,L cilpriconws beds, eannot be far from the base of the A. 
margaritattls Zl)ne. 

In the hricknu'd 
haye of these beds. 

at Billesdon is the most complete sectil)n ,,-e 
In 1890 the follo"'ing details were measured 

here ;-
Sectiol] 1'1] Brickyard at Billesdon. 

Dark, red, ferruginous, sand.'! limestone -
Circy marly beds, changing to ferruginous sandstone -
Yellowish sand bed~ - • - - -
Hard, greyish sbaly beds -

Break in measurements.) 
Grey shale -
FE'rrnginous band with white effiorescence 

* Appendix, p. 88. 

Ft. Ill. 

- 2 0 
- G 0 
- 3 0 
- 2 0 

- 3 0 
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Grey shale -
Ferruginous band with large Pecten a;quim/l'is, etc. -
Grey shale -
Nodular band 
Grev shale -
Nodular band 

Ft. in. 
- 4 0 

- 4 0 

2 o 

Grey shaie 5 0 
About 15 feet more of shale with nodular bands are seen in the lower 

pit on the south side of the road. 

Professor Judd, who sa", this section many ~-ears before, gi"es a 
rather different acconnt. It appear~ that this pit has heen both 
deepened and cut further hack in tl)(' interyal. Sll that it now l'eache~ 
the ha~e of the Hock-heel, and there mu:'\t he ne.lrly :in feet of 
meilsure~ exposed in tIll' t",o pits. Fo~~ils are not "~ry plentiful, 
but PI't1fp~~t1r .Judd rec(lt'd~ thp follo"'illg: - * 

Fossils from the Billesdon Brickyard. 
A. ?nmoniles 17Ial'garitatus, :JIontf. 
Be/em nites paxillosus, Sch!oth. 
LimlL pedinoides, t:;O\\-. 
Pectelt (l'ljlliwrl'IS, SOl\". (1'. sub/fEvis, Y. &; B.). 
i'licatula spinosa, t:;o\\'. 
Jlodioh~ 8Ca rpl'l1 Ill, Sow. 
Goni01nya sp. 

South of Billesdon the outcrop of the .1Iiddle Lias becomes much 
obscured, partly from the o"erlap of the Boulder-clay and other 
Drift. deposits, but principally, we think, from the thinning out of 
the Hock-heel, \\'hich scarceh- makes any feature in this country. 
Between Billesdon and the :--ishlanchl th~re is no evidence for tl;e 
outcrop of the lLiddle Lias, hut from the general structure of the 
country it is probable that it forms the backbone of this ridge; 
although the heds seen at Illston and Rolleston may be outlipr~, 
and not cOllnected with the main mass, as shown on the map. 

The A. marga1'itatus beds are seen at Ashlands and Illston; in 
the road north-west of the latter Yillage the follmying section ,ya~ 
seen, but from the ,Yeatherillg dO\yn of the beds the ar;cmmt i~ wry 
imperfect :- . 

Section in road on /I'CRt Biric of Ills/on. 

Ferrl1ginon~ clar~ wit h a litt lr i1'OIlRtOI1r -
Obscnred -
Very frrrnginoHR 1'Orl.:: - 0 
Yellow rla~-s \ _ 
Grryish shale with rarhonarcolls markings! 
Flaggy sandstonr 2 
Grey and yrllow shalrs, more frrrnginollR-

to 

0 to 

Ft. Ill. 

10 (I (?) 
10 0(1) 
0 2 

10 0 

3 0 
[) () 

or more 

At the top of the hill, and in the pond at the north pne! of the 
village, fel'ruginow~ RaJl(l~ton() and irOl1Rtone are seen, flirming 
the lowest portion of the Hock-beel. 

Another iso\;tted ~prti()n of thpRP bpcif; is fonnd in tlw little ntlley 
aboye RolleRtoll Wood, ,,,heI'8 the Hnck-hNI forms a small featm:e 

* Lo~. cit., p. 69. 

5-170. D 



round the head of the valley. It consists of a thin bed of ferru· 
ginous limestone, with Belemnites, Protocardiunt truncatum, 
and other fossils. The blue sandy shales of the.d. margaritatus beds 
were met with in the gasometer at Noseley Hall; but the :Middle 
Lias about here is entirely coYered by Drift, and there is no 
evidence to show how far it may extend to the south. 

On the opposite side of the· valley at Goadby the ~iddle Lias 
is free of Drift, and the Rock-bed forms a "erv marked feature. 
The rock is, however, very thin, so that it seems to be its unusually 
bard fiaggy nature that enahles it to form flO regular a plateau. 
The outcrop iR 10Rt beneath the Drift about half a mile further 
south, but iR Reen to the east near the higher part of the interior 
valley going clown from Key thorpe Wood, a little north of the foot
path hetween Goadby and IIallaton. It is m"ident that the bedR 
in this valley are lower than has been supposed, and that the out
crop of the Rock-bed does not nm in the direct manner shown 
on the old map, hut more probably extends much further to the 
,,'est, in the direction of Stauntoll Wood, following the present COll
tour of the ground much more nearly than "'as ShmYll on the 
old survey. 

The Rock-bed in this direction is evidently very thin, as shown 
by sections at O1'anhoe and other places just beyond the edge of 
the map. 

Since the previous fllllTey of this country was published, the 
railway cutting through Slawston Hill, south of Hallaton, has 
been made. As this section gives a good idea of the character 
of the ~Iiddle Lias in the neighhourhood we give it here. 

Section in Railway Cutting at Slawston Hill. 

* ..\[assin sandy ironstone -

Sandy Rhale~ 
Hani flaggr band 
Sandy shales 

*Dense red ironston(' with Belemnites 
tudinally) 

Ft. in. 
3 0 

or more 
4 0 
o 6 

- abont 12 0 
(manr Rplit longi-

Sanel\' sh::tles -ahout 
o 

7 0 
() R 
o 6 
:~ 8 

* [Ironstone, shal~" anclnodular, with Belemn ites - - -
l Band of ironstone, weather~ with a nr3' irregular Rurface 

Shale wit h a nodule or two -
Line of noduleR some distance apart. 
Shall' with ::t few nodules -
Hard flaggy calcareous band 
Slwle with noriuks -

Base of cutting. 

- 0 0 to 
;j 0 
o 4 

15 0 

The Goaclby plateau extendR acrORR hy Old Key thorpe into the 
valley going clown to Hallaton. The Roek-hed can he seen at 
intetTal~ on hoth RideR of thiR Rtream, hut it iR evidently "ery thin. 

* Thrsr three lwds stand out conspicuously from the grass slope of the 
cutting. The abm"e drtails were measurrd in 1890, when the section had 
b,'conl(' much ohsel1red. A som('what different account, given by Mr. 
J. Marriott, is published in abstract in Trans. Leicester Lit. Phil. Soc., 1884, 
p. SO. 
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It is 3 feet thick at Old Key thorpe ; but a little lower down, where 
the bridle-road crosses the valie,', the' following section, which 
is now entirely obscured, was gi,:en by Professor ' Judd:-

UPPER LIAs:-
1. Laminated shales with traces of the " fish and 

insect beds" at the top - - 5 to 6 feet. 
MmnLE LIAS :-

2 ~[arlstone Rock-bed with usual characters, con
taining numerOUil Belemnites, Ammonites 
annulatlls, Terebratula punctata, etc. As is 
often the ea.se with this rock, it here contains 
numerolls ronnded pebbles and concretions - 1 foot ~een. 

3. Light blne clays passing down into---
4. Clays with bands and layers of nodnles of f('r

rllginolls and mic!wl'ouS rock. ' 

The irregular mode of occurrence of the diminutive represen
tative of the Marlstone Rock-bed is illustrated in the following 
sketch of a section seen at this point :-

FIG. 5.-Section e.rhibilo/ in a pil between !teytlwrpe and Ilallaton 
(Prof'. J. W. Judd,). * 

a. Soil, etc. 
Upper lb. Nodular FiRh find In~cct Limcston('s. 
Lias. c. Clays. 

Middle d. Marlst.one Rock-bc!l. 
Lhs. e. Clays, etc. 

The Rock-bed, alt.hough so thin, can he easily followed on both 
Bides of the stream foJ' it.s whole length down to the village. The 

* Geology of Rntland, p. 73. 
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outcrop is in some places obscured by landslips, and there are. 
several springs that deposit large quantities of tufa. Am. [Amaltheus] 
margaritatus was found in the ferruginous beds just at the 
junction of the Rock-bed "lith the shales below. 

In the other valleys radiating from Rallaton the Rock-bed also 
forms a marked feature; it is cut into by the raihvay, which sho;vs, at 
about 400 yards south of the tunnel, a limestone crowded with 
Brachiopoda, and which is about 1 foot 6 inches thick. All these 
valleys are cut for some depth into the A. margaritatus shales, but 
the only clear section is that at Rallaton brickyard, ·where the 
followi~g section was lllea~ured:- . 

Section ai Hallaton Briel.' 'Yorks. 
Ft. m. 

Yellow and grey shales with nodllles - [) 6 
Rubbly iromt.one with Terebratllla, ete. - 1 6 
Shale 1 0 
Rubbly ironstone - 1 6 
Shale - 3 0 seen. 

Professor Judd records the follo;ying fossils from this place :
Ammonites margaritatus, Mont. 
A vicnla incequivalvis, Sow. 

" sp. 
Pecten liasianus, Nyst. 

" sp. 
Cardillm trll I1ca til 111 , So\\,. 

These shales with ironstone nodules were also obtained from a 
,,'ell at Rorninghold, but we ,,,ere not ahle to find any fossils 
in them. At this last yillage the Rock-hed is seen along the sides 
of the stream and in the road; it is a brown sandy rock, with a 
little Baggy limestone, and contains, according to Professor Judd 
Am. annulatus and Rhynchonella tetrahedm, 

The remaining exposures of the Middle Lias are in the three 
inl~'ing Yalle)-s to the north, the Eye Brook, the Ri,-er Chatel', 
and the RiYer Owash. In the first of these __ alleys the Rock-h8{j 
is best seen at East Norton and at Loddington; but further up 
tllP YaIle,- to the ,YeRt it iR soon 10Rt heneath Drift, so that the ex
tent of the outcrop is yery doubtful. It probably occurs along 
the higher part of Reddish Wood, and runs against the fault a little 
to the west of this, but there is no evidence of the rock beyond 
Loclclington .lIill. The same ohRcurity occurs on the Routh' side 
of the valley, no rock being seen bet\Yeen Tugby and the little 
ndle~' .iUf~t south of Skeffington, ,yhere a ferruginous rock containing 
l'CI"CI)f'(7tuln plillctatn Cl'OPR out. This ground is l'epresentecl 
on the old lllap (G4) aR I~o\\-er LiaR, but the Rection at Skeffington 
,ya~ not obselTed ; and aR the hill rises gradually from one yillage 
to the other it iR much more prohable that the outcrop of the Rock
bed is continuouR. 

The A. margaritatlls shales crop out along the Eye Brook, but 
whethet' this valley is cut through to the Lower Lias is douhtful. 
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From. the septaria in these shales at t he Belton old brickyard 
Professor Judd obtained the following fossils;-

J .. lll11wnites margaritatus, ~IOllt. Senral Yarieties, and of 
all sizes. 

Plellrotoll/aria Qllellstedti. Goldf. 
Jfyacites or Palwprra (fine specimen). 
Leda cOlllplallata, Phil. 
Cardillm tfluu:at/ll/l. i:)ow. (in masses). 
Pecten dcmlsSIIs. Phil. 

.. f£!Jl/imlds, Sow. 
L i Ina peet i noides, So\\,. 

.. sp. 
Plicatllla spi IIOsa. So\Y . 
.. t vitl/la lllf£qlliw/t·is. So\\,. 
RhYIlc!/ullella tetrahedra. i:)o\\,. (one specimen). 

Along the "alle\' of the Chatel' the Hock-bed and the shales 
just belo\" are Yel~Y \yell exposed. SanYe,\' Castle. at the head of 
the "aile", is fonned almost entireh' by the Roek-hed, which here 
stands u'p in an abrupt little ditl' 'of ~yell-bedded sandy limestone, 
full of Brachiopoda in the lo\\'er pad, resting 011 softer sandy 
ferruginous beds; ,,·hile a little ImH'r dO\Yll the stream the ~rey 
shales belm\' \\,ith septaria are seen. There are li inches of rotten 
sandstone \"ith ferruginous nodules at the junction. The rock 
has been quarried at "'ithcote, Launde, Coles Lodge, and Leigh
field; it contains Rhynclwnelln tetrahedra, Tcrcbl'Utuln ptwctatn 
in great abunchlllce, and also ,1 Co rdin ill. "'hen freshly quarried 
the limestone is bluehearted. 

In the yalley of the RiYer liwash the Rock-bed nl'st COllles to 
the surface a£ the point \"here the streams branch about three
quarters of a mile belm\' Knossingtoll ; it forllls a fairly good feature 
along the north side of the \'alley all the \\'ay to Braullstoll, "'here 
it is exposed in the "illage. On the south side of the yalley, ho\\'ewr, 
the outcrop is wry obscure, and it is possihle that it lllay be cut 
out by a fault ranging' along the \-alley. The shale is llluch dis
turbed at. se\'eral places, and it is curious that, although the out
crop is so good on the north side of the ynlley, the rock has not 
heen obselTed on the south side; but the e\'idence is sC'al'cely 
sufficient to mLrrallt the insertion of a fault along this yalley. 

The rock is not now llsed as an ironstone 1111y\\,here in the area 
ineluded ill this lllap; it. ,\"as at one tillle h'i~d neal' Tilton, but 
apparent I." \"itilout much f'Lll'Cess. 

Upper Lias. 
The Uppt'r Lias oCl'upies the "'hole of the remaining part of the 

l1111p to the east of the Middle Lias escarpment, except in those 
valleys that are cut through to this latter formation. Conse
quently all the ridges het,,'een these "alleys are formed of Ppper 
Lias shalt', whi('h i:;;, ho\\'ewr, g('nerally CO\'8l'l'd in thl' higher pmt 
by Drift, These shales forlll large s\wlling pastUl'l's, and it is 
seldom that. there are allY sections to 8bm\' their charac1 er. Fol" 
meri.'· there were a fe\\' brickyards in them; but limy, owinf! tv 
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the depression in agriculture, Yery fe,,- artificial sections for drainage 
or other plu'poses are made, and the brickyard at Knob Hill, east 
of Ralhton, is the only place where these shales are ,,-orked_ * 
Therefore ,,-e haY€' to gather our information of the upper Lias 
principally from the old SUrYey memoir on the district, \yhich was 
undertaken bet,,-een the years 18G7 and 1871, when the country 
was more prosperous, and consequently exposures of the shales 
much more frequent. Professor Judd diyides the Upper Lias into 
the following five diyisionst :-

e_ "Lecla-ovu1n Beds." Clays ,,-ith numerous bands of septaria (many 
fossils). 

d. Highly pyritous cla,ys, ,,-ith much jet in places (fe,Y fossils). 
c. "Communis Beds." Laminated blue clays ,yith bands containing 

numerous small fossils. 
b. "Serpentinlls Beds." Clays with nodules of limestone, sometimes 

ferruginous (Ammonites a bundallt). 
a. "Pa}'cr;,shales with Fish and Insect Limestones." (" Dumbleton 

senes. ) 
The thid\:lleSS of the Upper Lias is giYen by Professor Judd as 

about 200 feet, but it is not quite so much as this near its ,,,estern 
edge. Below the outliers of Oolite at RLlnksborough and What
borough there is not more than from 110 to 120 feet, but below 
Robin-a-Tiptoes and at Belton there is as much as 180 feet or so. 

At Knob Hill the finely-laminated shales, which contain crystals 
of selenite often G inches or more in length, are yelT unfossiliferous ; 
and only a few decomposed biyalws ,,-ere noticed in them. The 
only other section near here was in the bottom of a pond in the 
yalley to the north, ''1here there are some soft ferruginous beds 
with oolitic grains containing Am. [Coeloceras] communis. Pro
fessor Judd, in his account of this country, says+-" On the left 
Lank of the stream at Rallaton Ferns the junction of the Upper 
and Middle Lias was well seen in a number of field-drains. The 
succession of beds here is as follows :-

l/" 1. Dark blue clays. 
2 Ferruginous beds with .A mmonitcs serpentinus, Rein. Upper Lias· b (a undant), and A.1II. bifrons, Brug. 
3. Paper-shales, with Fish and Insect Limestones(usual fossils.) 

(--1. Sandy, ferruginous band with casts of shells. (Marlstone 
:\Iiddlc Lias I _ Rock-bed 1) 

t J. Light-coloured clays with ironstone balls . 
• , .\ l'<ll' the Lridle road from Key thorpe to Hallaton, at the point 

,,-here it CnlSOlCS the Lrook, some old pits show the base of the Upper 
Lias. con"istill~ of G or (j feet of lumim1ted shales, with traces of 
the llodular lilllestones, with ±ish and insed remains; these rest 
upon the Middle Lias beds, \yhich haye been already described at 
this place. (See page 73). 

" Opposite to Moor Hill Lodge there is an extensive brickyard in 
the Upper Lias Olays. In this and a pond aLoye we have a section 

* There were also formerly brickyards in these shales at Laundc and 
Mom·hill. 

t ~rellloirs of the Ueological Survey. Geology ot Rutland, p, 7(), 
.~ Loc. cit., p. 83. 
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of at least 50 or 60 feet of the series. The highest beds seen consist 
of laminated, light-cDloured cla:-s, ,,-ith irregular, brmyn, ferruginous 
bands in the lines of stratification. The lmyer part consists of blue 
clays with few septaria, but ,,"ith much pYJ.'ites, both in nodules 
and disseminated through the mass, and, in consequence, the 
weathered beds exhibit much Selenite, often in yery large and 
beautiful crystals. Fragments of Belemnites occur in this pit, and 
Ammonites are also found, hut I saw none sufficiently ,yell pre
served for identitication. The cla~-s exposed in this pit probably 
belong to the middle portion of the upper Lias, which is generally 
,-ery unfossiliferous. In E.eythorpe l)al'k a pond, dug in the lmyer 
part of the Lias Clays, exhibited' the l'iehly fossiliferous hands 
crowded with slllall ~-i m mOil itcs, etc., ,,-hich characterise that part 
of the series. I L'ollected here~ 

.lmJnullit(·s COIlIlIt llit is, tiO\\". (Yery aLlllld:lI11.) 
aillwh~tlls, tim\". (Yery abundant.) 
Holalldrei. d'Orb. 

" radialls, Rein. (Abundant.) 
" biirolls, Brug. 

Belemnites compreSSllS, Yoltz. 
Leda OVUIll, SOli". sp. 
Inoceramus dub illS, Sow. 

etc., etc. 
" The brickyard opened on the opposite side of the road to Tugby 

Hall exhibits the same beds, C'onsisting of finely-laminated blue 
clays with a few septaria. These days ,,"hen dug shmy a fe,Y small 
crystals of Selenite. The beds are C'rmyded \yith small fossils of the 
same species with those found at the last noticed locality. 

" At seyeral points about the village of East ~ orton, and also at 
Finchley Bridge, roadside cuttings and field-drains have exposed 
the fish and insect heds with the usual fossils. Small bivah-es, such 
as lIwGeramus dubius, Sow., and Pectens with d\yarfed Ammo1lites 
occur in some of the bands of flattened limestone nodules. 

"An interesting pit at Allexton exhibits the follmying section of 
the hmer heds of the Upper Lias:~ 

Ft. Ill. 

1. Soil 1 0 
2. Blue lalllinated chy - G U 
3. Irreguhtr iltony band (" kale ") full of .llltllwnites ser-

/lentil/liS, Hein., Eclclltl/itcs ami other fo~~il~ - 1 lo ~ U 
.1. Laminated day - U (j 

;). Yir8t. irregular bed of hard, argillaceou~ lillle~lolle - U G 
6. Laminated cby 1 0 
7. Second, irregular bed of hard ar gillaccolls lime"tone - 0 (j 

8. Laminated clay 1 0 
9. Third, or best bed of limestone - 0 3 to 0 6 

10. ~<t~llill<~~ed clay - 0 4} 
L1. h.ale - 0 6 
12. ]\[arbtol1c Hoek-bed fnll of the nSlIal fossils; rom course 

of stOllO - together 2 G 

" In the clays large lllasses of \\'om!, converted into jet, are founel 
These, after being soaked in oil to prevent cracking, are uSf.d by 
the workmen and others for whetting r<1wrs. 
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" The three layers of limestone contain the usual fragments of 
fish, insects, and crustaceans with the following shells :-

Belem/lites sp. 
Ammonites serpent in liS, Rein. 

" el ega US, Sow. 
" eLnl!ulatlls, Sow. 
" sp. 

Small uniyalYes. 
Ostrea (small speeies). 
II/acetal/illS dubius, Sow • 
.i.starte sp. 
Li meL sp. 
PteroperwL sp. 
Other small biyahes. 
Fragments of wood. 

" The lime:;tone, ,,-hich is hard and fissile, and of a olue colour 
weathering ,yhite, occurring sometimes in continuous bands and 
at other times in nodules, is carried to Tugby, \\"here it is burnt for 
lime. It is said to produce a hydraulic lime fully equal in quality 
to the celebrated" BalTO\\" lime," \yhich is made from the fish and 
insect limestones of the LO\\"er Lias series . 

. , It is worthy of notice that the Serpentinlls bed, which in many 
places is ferruginous, and has often, \"hen attention has not been 
giwn to the fossils, been mistaken for the :llarlstone Rock-bed, is 
at Allexton either not at all or only yery slightly coloured with 
oxide of iron. 

" At Deepdale traces of the ±ish and insect limestones of theU pper 
Lias are seen lying on the :llarlstone. At seyeral points about 
Loddington there are small exposures in the road-cuttings of the 
Salne beds." * 

Along the l'aihY,lY north of Loddington there are some deep 
cuttings of about 40 feet or so in these shales, which, although now 
grassed OYer, afforded many fragments of Am. [H arpocerasJ falcifer 
and other species. 

A well near the Windmill at Billesdon was sunk in the lower part 
of the Upper Lias, the spoil-heap containing seyeral SpeCilllE'nS of 
Am. [Harpocerus] lalclfer togE'ther with a lYautilus, and 
many fragments of the ±ish and insect limestone. In the road 
011 the north side of Tilton on the Hill, and at Pick,,-ell, Professor 
.T ucId reeords the presence of the ±ish and insect limestones, but 
these sections were not yisible at the time of the present survey. 

To the east of Somerby the Upper Lias is wry free of Drift, and 
m<l.'- 1Jt' easily reeognised from the nature of the soil; but there are 
no exe<l\"ations in the beds, although a briekyard, now closed, \H1S 

formerly \\"orked about a mile from the Yillage. There are also 
hyo slllall outliers between Somerb\" and Burrow Hill. To the 
north of Pickwell and Rocott the 'Upper Lias becomes entirely 
cowred In- Dl·ift. and thpre iCl no e\'idenre to fix how far it may 
exteml in'the direction of 'Yhissencline. 

* Lac. ·cit., pp. 83, 84. 
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CHAPTER V. 

1~ FERIOR OOLITE. 

Northampton Sand. 

41 

The beds of tl.w Inferior Oolite that are represented in thi~ map 
are quite at the base of the fOJ'lllatiOll, and· merel." represent a 
fe,v scattered fragments that lun-e so far resisted denudation. 
They are the equiYil.lent of the Northampton Sand, which in some 
localities is wry variable in character; but here, owing to the 
small thickiless of rock that remains, and therefore to its grcater 
exposure to the "'cather, wry little calcareous matter is left, and 
we haye a residue cmlsisting almost entirely of soft ferruginous 
sandstone. This sandstone has a peculiar "cellular" structure, 
consisting of a casing of brown luematite eneiosing a soft interior 
of blue and green carbonate and silicate of iron, or merely fer
rllginous sand. This structure, which is ,yell shown at Launde 
Park Wood and other places, seems to be caused by the concentra
tion of hydrated peruxide of iron along the bedding planes and 
joints that haye split up the rock into roughly rectangular blocks. 

The main escarpment of the Inferior Oolite lies hebYeen three 
and four miles beyond the eastern margin of the area now under 
consideration: therefore there are only a few small outliers of the 
rock that come within this area. 

The first of these occurs to the north of Hallaton, but it is almost 
completely co'"ered by Drift, so that the rock is only seen along 
its 110rthern and western edge. The following sketch at this vlace 
is from the old Suryey memoir :-
FIG. 6.-Sectionin pit above Hallaton Perns, shvwing a small outlyil/V 

patch of Northampton Sand capped by Boulder-clay. (Prof. J. \v. 
Judd.)t 

\ \ ,\ ' \ I " • 

* Large ~l1lde\'! 18 inches long, of the hard siliceous limestone (Pendle) 
of th~ Infe~o~(L\lleolllsh~_e! . ?oli~_e_. __ _ 

t GeologJl of Rutland, p. 107. 
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It is probahle that the rock also occur" on the hills east of Halla
ton alld south of Allextoll, where fragments of the Inferior Oolite 
are very conspicuous and the ele"ation sufficient to bring on thi" 
rock; but as the ground is entirely cOYered by Drift it has not been 
shown on the map at these places. 

The largest outlier is that to the north-east of Belton, but only 
a very small portion COllles into this map. It may, however, extend 
further along the ridge to the "'est, and he connected with that 
south of Laullde Park -Wood, the ground heing sufficiently elevated 
but entirely covered by Drift. The western edge of this latter 
outlier is much depressed hy a fault, so that it and the small 
outliers just north of Loddington are quite 30 feet lower. There 
is another small outlier at Launde Big 'Yood; but, both from their 
isolation and greater elevation, the most noted outliers are those 
at Robin-a-Tiptoes and "-hatbol"lmgh. These hills rise abm'c the 
7UU contoUl' line and form very conspicuous objects in the land
scape. Colborough Hill also assumes the aspect of an Oolitic 
outlier, and it is probable that the rock is only just removed by 
denudation, as a careful examination of the hill reyealed nothing 
but shale dose to the snmmit. 

Although it is possible that the Inferior Oolite lllay occur on 
the hills on either side of the Gm1sh and at ('old Overton, there is 
no 8\·idence of its outcrop this side of Ranksborough ilill. Here 
1\yO ,-ery slllall outliers occur, the ground bet"'een being only just 
clenuded belm\' the hase of the rock. This hill has steep sloping 
banks of Upper Lias Clay on the west and south, but towards 
the north Di·ift clay sOOn comes on, and therefore it is not so 
conspicuous when ;'iewed from the latter direction. 

The beds of the Northampton Sand form a light rubhly soil, 
well adapted for the growth of corn; hut the areas covered by 
the rock in this district are so small that the only place where its 
presence has any influence on agriculture is on the flat-topped 
hill east of Belton. 
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CRAPTER VI. 

PLEISTOCE~E AND RECE~T. 

Glacial. 

The superficial deposits which COllle into this map are of COll

siderable interest frolll the fact that they illustrate the character 
of these beds in one important branch of the great Trent basin. 
The nature of the Pleistocene succession in this large area has 
been a hly dpserihed by Mr. R. ~I. Deeley, * \Y ho separated these 
beds iuto no less than eight sub-diyisions in the follo\"ing order :-

X ewer Pleistocene Epoch. 

Later Pennine Boulder-clay. 
In ter glacial Rinr-gra nl. 

JIiddle Pleistocene Epoch. 

Chalky Gra,-e\. 
Great Chalky Boulder-clay. 
Melton Sand. 

Older Pleistocene E poeh. 

~liddle Penlllne Boulder-clay. 
Quartzose Sand. 
Early Pennine Boulder-clay. 

Mr. Deeley ur8\v his conclusions from a large number of isolated 
sections; but the detailed mapping of the ground does not entirely 
substantiate these ideas. 

As yet the survey of this midland dish'iet has not been carried 
far enough to give a decided opinion on the subject, so that the 
classification adopted in this memoir relates only to the Soar valier, 
and may he subject to modificatioll \"hen a larger area has he~n 
examined. Many of the differences noted in the Boulder-clav 
and gravel ajJpe~r to be due to merely local eOIlditiollS, and it is 
probable that some dpposits of slightly ditt'crPllt eharaeter are really 
eontelllpOl'illll'OliS. The main fact drawll out from it study of the 
Drifts is tbat they are of t,yO distinct ages; the oue haying it,; 
included fraglUPllts, cow;istiIlg' prineipally of quartzite pebbles 
-deriwd from the \"est 01' north; the other, containillg detritus 
of the Chalk and Oolite, from the east. These, as \w haw said, 
occupy the relatively higher ground throughout the district. 
There is also possibly a third series of clays and gravels which 
were laid dowll at a much later datt', after the existing valleys 
had heen cut. nnt., and ronsrqnently it. is oIlly found at the 
lnwer leyek Thi8 is so intimately connected with the post-Glacial 

*Qlu~rt, JOllrl!. Veol. Soc., yo\. xlii., p. 4:37. 
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river beds, that probably it should be included with them. It 
may represent a passage of from one state of conditions to the 
other. '''iih the exeeptioll of these doubtful beds, the general 
distrilJUtion of the Drift is tllat ,i)f one ,"ast sheet rising gradually 
to the \Ya tershed and falling equally gradually 011 the other side. 
This sheet, which seldom has a thickness of 1110re than 100 
feet, is cut through b.'" all the principai streams of the districts, 
so that the solid strata are exposed ill nearl.'" all the nlleys, 
while the Drift is found capping all the ridges between them . 

. The following appears to be the order of succession of these 
beds in this district:-

Y,IUey Drift. 
Great Chalky Boulder-clay with intercalated beds of sand and 

gravel. 
Older Boulder-day (upper part). 
Quartzose Sand. 
Older Boulder-clay (lower part). 
Older Sand and Gravel. (I) 

Older Salld (wd ararcl.-Along the yalley of the Wreak, 
fringing the modern allm-ium of that dyer, there are a series of 
sands and gravels, the age of which is somewhat puzzling. At 
first sight these appeal' to be ordinary post-Glacial river terraces, 
and no doubt a good deal of the graYeI along th.ill valley is of 
this nature; but at the same time there are places where the 
gravel appears to pass under the older Boulder-clay, and conse
quently must be the oldest of the superficial beds with which 
we ha ye to deal. 

This appears to be the case more especially at Eye Kettleby, 
e,tst of Kirby, at Rotherby, and at Reat'sby, on the south side of 
the Wreak. On the north side the gravels at Roby 3Jld Asfordby 
are probably also of this age, but the eyidence is more indistinct. 
These beds consist of false-bedded sands and gm vels, composed 
chietly of quartzite pebbles and other rocks deriyecl from the north 
and west, with few, if anY, from the Chalk or Oolite. The sands 
generally contain streaks' of coaly fragments, with intercalated 
daye)" pakhes here and there. They rise usually from the level 
of the allm'ium to from 30 to -10 feet above ii, tlanking the meadows 
on either side in the ordinary manner of ri"er terraces, so that it 
is Yl?ry difiieult to distinguish one from the other. These gravels 
may be of pre-Ulaeial age in part, and, if so, it dearly shows that the 
present "alley is excayated nearly in the same line as the old one. 

The principal eyidence for the position of these sands and gravels 
is chietly in that part of the Wreak valley that is north of the present 
area, more especially at Eye Kettleby,l,'risby, and Roby. In this 
area they ttre seen at Hearsby, and apparently crop out along 
the "alley towards I,'risby Lodge, but their position is obscure. 
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The OldfJr Bouldel'-clay.-The principal section of this Bo~lde:
clay is in the brickyard at Thrussington, although It IS 
also seen alonO' the' yalley to the north, and in that to 
the north-east b of SeaQ'ray~. It consists of a stiff marly 
clay of a Y<1rieO'ated l':ed and bluish-grey colour, ,,,ith small 
pebbles of qua;tzite and other rocks, but containing few,. if 
any brO'e boulders, nor any deriwd from the Chalk or Oohte. 
Fo~: thisb reason it appears to be the result of a glaciation deriwd 
entil'eh: from the "'est, and thus is in strOlig contrast to the Boulder
clay c~nhlininO' Chalk and Oolite, which has come from the opposite 

.' b direction. It IHnwyer contains a eonsiderable amount of limestone 
deriwd from the I.ias, whieh i:;: mnli1ll~' well '1triated, as aho are 
mo;;;t of the harder rork:;:. 

The Quartzose San d.-This name has been given by Mr. Deeley 
to the coarse sand lying on the Boulder-clay just. described. It 
principally occurs along the sidES of t.he larger mlleys, and con
sists pl'inripally of false-bedded sand and gnn-el, the sand 
frequently containing great quantities of coal detritus. 

This sand, being much used for huilding, is extensively "'orked 
near Leicester, both at Avlestone and near the Abbey.* At the 
latter place portions of the'sand are frequently cement~d together, 
so that the fioor of the pit is a very hard sandstone, and there are 
pillars of the same kind of rock. The isolated block of stone 
known as St. John's Stone, ,,·hich formerly stood near this place, 
was probably, as pointed ont by }Ir. J. D. Paul, a pillar of this sort.r 

Similar cemented gnn-els are frequelltly lllet ,,·ith at the hase 
of the Drift, one wry conspicuous instance being in the railway 
cutting neal' H(ndey Fields. The long tunnel hetween Glenfield 
and Leicester is entirelv rut in theRe sands, ,yhich are here full 
of water, 80 that if a hule is made in the brickwork it requires rOI1-
siclel'ahle foreo to rIoRe it a~ain. Similar grayelR occm at Oadly 
and other plares. . 

Thi:'l sand is seen resting 011 the Boulder-rIay at Thrussingtoll 
briekym'd. It. pa~ses up into a laminated rIay 01' brickearth which 
attains Its greatest thiekness and hest. dewlopment in tllP yallev 
of the Wreak at R()theI'h~' and to tlw north of Hoby. . 

* This pit is now closed. 

r Trans. Leicester Lit. Phil. Soc., vol. iii., part v., p. 262. 
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In the brick~-anl at Rotherby, ,,-here these claya·,,-ere formerly 
worked, they are about 26 feet thick, and pass doml into a hard 
tough red Boulder-clay_ The follo,,-ing is the section :_ 

Section in Rotherby Brickyal'd. 

Loamy soil, with Chalk fragments. 
Ft. Ul. 

12 0 

Boulder-clay, containing mostly Lias fragments and 
quartzite pebbles, but with one or two Chalk frag
ments - 8 0 to 

Stratified clayey sand with coaly matter and a few 
pebbles. Thin seam of clay in upper part - - 4 9 to i\ 0 

Laminated brick-clay or sandy lo:lm of a reddish colour, 
with a pebble here' and there (lower part pro,ed by 
boring) - - - - - - - - . - 21 

Hard, tough, red Boulder-clay, with small qnartzite 
pebbles and a few bits of limestone, etc. (bored into) -

o 

12 0 

This brick-clay has a red Keuper-looking appearance, as if it 
had been deposited from tranquil water largely charged with the 
debris of that formation. It is usually underlaid and overlaid 
by sand, and frequently passes altogether into sand or gravel; 
so that the colour shown on the map denotes in some places a 
loamy clay, in others a sand or gravel. It appears, ho,,-ever, to 
be only on the outskirts of the area over which the brick-earth 
has been deposited, or among beds which occupy the same horizon
namely, between the Boulder-clay just described and the one above 
-that ,ye find these coarser sands. 

The area oyer ,yhich the brick-clay has been deposited is about 
five miles across in either direction, and consequently covers about 
25 square miles, of which the village of Hoby is nearly in the centre. 
Beyond this lenticular patches of sand and gravel occur at the same 
horizon throughout other portions of the district. These in many 
places contain a large proportion of Chalk debris, in others there 
is not a Chalk fragment to he found; so that, although they seem 
to have been deposited at about the ::lame time, they are probably 
the result of conflicting currents at the period ,,·hen the country 
was passing from the glaciation ,vhich produced the older Boulder
clay to that which formed that next to be described. Whether 
they are all of this datei::l, ho,,-ever, doubtful. 

A similar brick-clav occurs at Melton, ,,-hich has been described 
by Professor J udd, ~-ho considers it to be of pre-Glacial age. * 

These sands and grayels occasionally join on to those previously 
described beneath the Boulder-cia '-, so that without clear sections 
it is impossible to distinguish one' from the other: for this reason 
the colours used for Drift on the lllap indicate merely lithological 
ditl:'erences without regard to their relatiye age. 

* Geology of Rutland, p. 243. 
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The Older Boulder-clay tupper part).-Resting on these sands 
and laminated clays there is another Boulder-clay similar to that 
described above, in that it does not contain any fragmentll of 
Chalk or Oolite. This Boulder-clay rarely exhibits any trace 
of stratification, but near the base is frequently intersected by 
numerous striated sW'faces or slickensides, which give the clay 
an irregular, jointed appearance. This was well shown in the 
section on Spinney Hills. 

FIG. 7.-Section on the west side of Spinney Hills, Leicester. 
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d. Boulder-chy resting on distinctly glaciated surface with striations. 
The Boulder-clay, which is much slickensided, contains mostly 
Lias fragments, a few quartz pebbles, limestone fragments 
(striated) and one large sandstone block, 

t:. Dark laminated shale with selenite crystals and much sulphur. 
Yellowish rusty-looking band at intervals, and occasionally 
jetty-looking streaks. Small Protocardiurn philippianum and 
Avicula contorta. Dip 3° E. Limestone nodules at east end, 

b. Bone bed, varying in thickness from half an inch t<> nothing. 
a. Tea-green or gr€'y marl. 
A good instance of the great irregularity in Drift deposits of this 

age is shown in the following section :-
FIG. B.-Section on the Midland Railway, )ust south of the tunnel, 

Freeman's Common, Leicester. 
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a. Boulder·clay with but few stones of any size, a few Chalk fragments 

and flints. 
b. Laminated clay with a few nry small stones; 6 to 8 fe€'t thick III 

thickest part. 
(" Boulder,c1ay, a line of pebbles as large as the fist rest ing on (d), 
d. Sand wit.h mnch coaly matter, strat.ification highly inclined. 
e. Keuper Marl with a little white sandstone. 

Height of section about 15 feet, more Boulder-clay above. 
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This Boulder-clay, which probably covers a large area, com~s 
t{) the surface only tm the flanks of 'the hills bordering the Soar 
and its tributaries, being nearly ewrywhere else hidden by newer 
beds, to be described presently. Its chief ourerop is along the spurs 
of the hills east of the Soar; but it does not appear to extend much 
north of Seagraye, as it is not traceable in the upper part of any 
of these valleys, nor was it met with in a well at the Lodge a mile 
north-west of SeagraYe, which went through the overlying Boulder
clay directly into the Lias. Towards the east it.s ourerop also 
gradually becomes more and more obscure, so that probably in 
t his direction it also soon thins out. 

The oukrop of this Boulder-clay frequently forms It distinct 
feat.ure which is e;1s~' to recognise in walking over the ground; 
hut, as there would be much uncertainty in attempting to trace 
it continuously, it. has not been separated on t.he map from the 
overlying Chalky Boulder-clay. 

The Chalky Boulder-clay.-The Chalky Boulder-clay coYers the 
whole of the higher ground hetween the numerous streams inter
secting the district, except at a fe,,, places in the eastern part. It 
a.ppears to attain its greatest dewlopment in the northern portion 
of the map, gradually diminishing in thickness towards the S.E. * 
It consists ,,,hen um"eathered of a darkish blue or grey clay, with 
fragments of chalk, flint, Itndother rocks; but on exposure to the 
air it becomes decalcified and of a reddish-brown earthy nature. 
The amount of included fragments yaries considerably in different 
places, sometimes there is a clay with Yery few stones, at others 
the deposit is almost entirely made up of chalk and chalk flints 
with very little clay. The other rocks, which include sandstones, 
lill1eston~s, slates,' qualizites, igneous rocks, etc., from various 
formations, are always in a distinct minority, being probably 
deriwd from older glacial beds, and not from the original 
glaciation of the country where they have their outcrop. An 
interesting section in the 100\'er part of the Drift was seen in one 
of the cuttings of the Great Cf>ntral Railway. 

s 

Fro. 9.--Clltting on Great Central Railway, south-east of Stocking 
Farm, Leicester. 

N 

* A well about a mile west of Hallatoll is said to have been sunk to a. 
depth of 15D feet, The spoil-J,eap consisted of Boulder-day only. 
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a. Weathered Boulder-clav with scattered chalk flints • at N. end 4 0 
b Irregular, lumpy, soft:marly, sandy beds, and clay with incipient 

concretions - 6 0 
r. Sand and loam with marly partings containing" race" - - 5 0 
d Loamy sand - - - - - - - - at N. end 3 0 
e Chalk gravel - 2 0 
t: Stiff drab clay 3 0 
'g. Gravelly, chalky Boulder-clay 3 0 

(b) is very similar to unconsolidated COlli-measure clay_ 
(c) passes into dark brickearth in the centre of the section, and drab clay (f) towards 

the north. 
The connection between the north and south ends of the section is not very clear. 

Further evidence that the Boulder-clay has been subjected to 
~ubsequent movements after its deposition was shown at Enderby, 
where its upper portion has been bent oyer in the manner shown 
in the sketch given below. This curving over is towal'ds the north, 
or from the summit of the hill, ane.! may have been. caused by 
accumulations of Drift slipping over that below. 

FIG. 1O.--Sectioll in cutting west of Enderby Hill. 
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The Boulder-clay contains mostly Chalk fragments, few sand
stones, etc., and very few pebbles. It is bent over towards the 
north-west, or from the hill. The curved lines are streaks of sandv 
loam or alay. At the end of the cutting the Boulder-clay abuts 
against the rock at an angle of 30°. It is rather gravelly close 
to the junction. Height of section about 16 feet. 

Intimately associated with this Boulder-clay are severallenticulal' 
patches of sand and gravel. Some of these, as we haye mentioned, 
were deposited previously to the Chalky Boulder-day; but others 
are of later age, and are intercalated in its mass or deposited over 
it. They are very well deyeloped at Tilton, Skeffington, Cold 
Overton, Knossington, Ouston, Belton, and many other places. 
They are composed almost entirely of Chalk, Oolite, and Lias frag
ments, and are frequently very much disturbed and contorted by 
gre'l.t lateral pressure, as shown.in the accompanying sketch by 
Professor Judd. 

5470. E 



FIG. ll.-·Pit in Glacial Gravels between Whatborough and Guston (Prof. J. W. J udd). * 
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Another good section in these gravels was seen on the north side 
of the river at Blaby, of which we give the following rough sketch :-

FIG. 12.-Sand Pit near Union Inn, Blab!!. 

4. Sand and gravel mixed. 
3. False-bedded sand HI 0 
2. Chalky gravel with patches of Boulder-clay at the base 
1. False-bedded sand- - 10 0 

A few granite boulders lying about. 

Other instances of this contortion of the Drift have been noticed 
at Tilton Windmill, in the railway cutting near Marefield, and in 
the railway cutting south of Wigston, where the sands are thrust 
in under beds of Lias. 

FIG. 13.--Balls of sand in Boulder-clay, corner of Ratcliffe Road and 
Elms Road, Leicester. 

Excavation about 10 feet deep. The balls of sand are about two feet in 
diameter. The Boulder-clay IS grey or mottled with fragments of soft 
sandstone and Lias limestone abundant. A good number of quartzite 
pebbles, but no Chalk or Flint. Weathered clay with a few stones on top . 

. 5470. . E 2 
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In the upper part of the Boulder-clay, as shown in the above 
figure, there are frequently curious lenticular patches of sand, that 
seem to run at one definite horizon, which is usuallv not manv feet 
below the surface of the ground. It is not very "clear how 'these 
pockets of sand haye originated, \\-hether they have been ~washed 
into hollows in t.he Boulder-clay. or whether they \yere deposited 
W:l frozen lllasses. * 

The Drift rises to 730 feet on Life Hill, north of Billesdon, which 
is the highest ground in the map, so that there is no evidence as to 
what its maximum elevation may have been; but probably it waR 
not much greater than this, as on the Charnwood Hills the Drift 
never rises quite to this leyel. It descends towards many of the 
existing valleys, showing that the present lines of drainage nearly 
coincide with those in pre-Glacial times. In a few cases, as at Illston 
Grange, north of Rolleston, and north-east of Ouston Woods, the 
Boulder-clay has not been cut through by the present streams, but 
this is very exceptional, and we 1;tave found no evidence of a pre
Glacial drainage system differing from the present one. The 
absence of Drift along the escarpment of the Middle Lias is probably 
due to the greater force of denudation along this steep bank; but 
why it has been cleared off the three channels running east from 
Burrow Hill to Ranksborough, from Tilton to Belton, and from 
Goadby to Horninghold is not so clear. 

The Drift oocasionally contains enormous transported masses of 
Oolite, Chalk, and Marlstone, such as have been noticed in the 
country to the north-east in the neighbourhood of Corby,t to the 
south at Rugby.t and elsewhere. One of these transported masses 
occurs just beyond the N.E. corner of this map. It is a mass of 
Oolitic limestone; and, as far as can be made out from old quarries, 
and the fragments lying about, appears to be at least 300 yards 
long and 100 yards across. The nearest point from which this 
mass can have come is at Waltham, about five miles to the north· 
east. At about 1,000 vards north-east of Belton there are two 
small rounded hills that appear to be capped hy Inferior Oolite. 
These possibly are also drifted masses; but, as their summits are 
80 feet below the outcrop of the rock, which is only 300 yards 
distant, they may be due to landslips. As has been stated in the 
memoirR descriptiye of this neighbourhood (Sheets 64 and 70), 
it is probable that such masses are the result of coast ice acting 
along the Oolite shore at a period when the country was partially 
submerged. 

* Mr . .Paul has noted similar occurrences at other places in the neighbour
hond. Trans. Leicester Lit. Phil. Soc., 1885, p. 117. 

t Memoirs of the Geological Survr,v. Explanation of Sheet 70, p. 79. 

t Quart. Journ. Geol. Soc., vol. xxxi., p. 355. 
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In connection with this subject, it is interesting to note the 
general disposition of the larger boulders in this part of the country. 
The following list has therefore been compiled from the reports of 
the British Association, with a fe\\' additions from other sources: - * 

LIST OF 'fHE ~lORE RDLI.RKABLE BOULDERS RECORDED IN LEICESTERSHIRE. 
Square hrackets denote additions or alterations. 

Dimensions. 
Locality. 

)[aximum. I 3Iinimum. 

Uugglescote 10 tons 

Shakerstone 5'0,,4'U,,1'6 I 
Carlton i 
)Iarket Bo:;worth 4'0,,0'0"~'0 ' 

[Leicester ForestJ 0'0,,4'U,,4 (; 

Kirby )Iuxloe 4'0"4'0"5'0 
Lough borough? S'O" 3'0 x 2'0 
~ Ol"msntoll-Oll-

Soar. 
Burton·on·the~ 3'6"3'4"5'0 

Wolds. 
Stanton, X otts 4'6,,2'Oxl'0 

Grimston 0'0 x Z'O x 3'0 
5'Oxo'Ox2'6 

Saxelby 4'OXo'lx16 
Kirby Bellm's 3'Ox2'Oxl'6 
Hoby 0'Ox3'Jxo'O 

Loseby· 4'6x3'Ox3'6 

5'3"3'5"2'4 
Sy.ton, New York 

Farm "Moody 
[3'6" 1'6" l'OJ 

Bush Stone. 'I 

[Syston 1J Lodge 2'6x2'Oxl'6 
Farm. 

Rothley Temple· 3'OxZ'6x2'O 
Cropston 8'Ox4'O 
Ingarsby Tnnnel . 3'6x2'6xZ'O 
Bnshby 2'Oxl'9xl'4 

Thllrnby 2'Oxl'6xl'6 
4'OxS'Oxl'0 
6'Ox2'Oxl'6 

J 0 h n s ton e'. 5'0 x 4'0 x 2'0 
Fann. 

Evington 3'Ox2'Sxl'6 

Coleman Road· 3'SxS'Ox2'(j 

Spinney Hill 3'0 x 1'0 x 1'0 
Road. 

Lodge Farm 
Leicester 

4'6x2'(jxl'0 

7'U,,6'OxZ'O 
Rntland Street 4'0" 2'0 x 3 '0 

3'Uxl'10xl'3 
Near theJAbbeyj 7 feet above 
"St.J ohn'sStone" ground. 
Abbey meadow 2'0 x 2'0" 2'0 

Gran I 

Several 
smaller 

2'0,,2'0,,10 

Ift, cnbe 

2'6 x 2'0 x 2'0 

l'6xl'3xl'3 

9in. cube 

Ift. cllbe 

Ift. cube 

l'3xl'Oxl'0 

2'6xl'2xl'4 

3'OxZ'6xl'0 

2'Ox2'Oxl'O l'6,,!"llxl'O 
North of Hum· 8'Ox7'0,,5'O 

bel' s ton e, [S'Ox7'1U,,3'6J 
U Holystone," 
or"llellstolle" 

Character of Rock. 

All Cham wood rocks except 
one )l,\lstone Grit, 

Porphyroid and other rocks of 
Charnwood. 

Chal'nwood rocks 
Syenite aud ashy conglomerate 

of Charnwood, 
&yellite 

" )Iillstone Gl'It 
Churn wood Forest rocks -

Grit. 

Lias [limestoneJ, Quartzite, 
).Iillstone Grit, Carboniferous 
limestone. 

Jurassic limestone 
Coarse sandstone 
Jurassic limestone 
Grit . 
)Iillstone Grit. ? 
Black basalt. 
Granite, also flints and Qnart· 

zite pebbles. 
)Iillstone Grit • 
Coarse, ashy conglomerate 

from Charnwood. t 

Granite of )lount Sorrel 

" " Coarse carbo sandstone 
Carbo limestone, Millstone 

Grit, &c. 
Granite, Syenite, Greenstone -
Granite 
Carbo limestone, Millstone Grit 
Conglomerate or Breccia· 

Granite, )lillstone Grit, Lime· 
stone, Chert, Sandstone, &c. 

Sandstone, Grit, Limestone 
from the N.W. 

Granite of Mount Sorrel· 

" " Dark, slaty, hornblendic rock· 
Granite of Mount Sorrel· 

Sand~tone" t \ 

Chert from Derbyshire 1 
Granite 
Granite of l\Iount Sorrel 

(lollgest axis 10ft., weight 
abollt 20 tono). t 

Victoria Road - :!."9>.. ~"1 A 0'10 1"8 >-.1"6 x 1"0 Granite, Syenite, Carboniferous 
limestone, Chert, ).fiHstone 
Grit, Oolite. 

Reference to Authority. 

I Brit. Assoc. Rep., 1873, p. 190. 

1875, p. 88. 

1880, p. 113. 
1880, p. 113. 

1883, p, 142. 

1883, p. 142. 
1883, p, 141. 
1875, p. SS. 

1875, p. 87. 

Geological8urvey. 

Brit. ':<\.ssoc, R~p., 1875, p. 88, 

1877, p, 89. 

1878, p. 190. 
1880, p. 112. 

1880, p. 114, 

" " 1881, p. 206. 
Geological ~urvey. 

" lJ Brit. Assoc. Rep., 1880, p. 112. 

1877, p. 8g. 
1880, p. 111. 
1882, p. 246. 
1880, p, 112. 

18~'7, p. 89. 

1878, p. 191. 

1878, p. 192. 

1881, p. 205. 
1874, p. 197. 
1880, p. 113. 

ISS0, p. 114. 
" " 1881, P 206. 
, " 1874, p. 197. 

1878, p. 190; 1881, p. 207. 

Brit. Assoc. Rep" 1878, p, 193; 
1880, p. 113 ; 1886, p. 223. 

" ::5illce this memoir has been ill the press l\Ll"" Browne has published fl list of boulders from the lieaumont 
Leys Estate. Trans. Leicester Lit. Phil. Soc. 1902, p. 34, 

t The microscopical character of tbese rocks is given in the Appendix, p. 116. 
t Probably not a bonlder. See p. 45. 
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Dimensions. 
Locality, 

1Iaximum. ! ).finimum. 
Character of Rock, 

I 

Victoria Park 1'6x l'ox1'O lOin. cube Granite, Syenite, Slate, Grit, 
Sandstone,Coal,Carboniferous 
~~;;~ne, Oolite, Lias, Chalk 

Evington Road 3'1 x 2'1 x 0'10 1'5 x 12 x 1'1 Syenite, Millstone Grit, Oolite 
Saxe Coburg 3'3x2'2x2'O 2'6x2'Ox1'10 Graniteof}IountSorrel. . 

Street, 

Clarendon Park 

Oadby . 
Stoughton, Dairy 

Farm. 
Spin ney Hills, 

Lodge Farm. 
Spinney Hill. 
Willow Brook 

Satfron Lane 
Newfoundpool 
Braunston ' 
Knighton Church 

Lane. 
Aylestone 

Beasley's Farm 

Beasley's Pit 

Aylestone Road -

Hallaton 
Countesthorpe 

Ashby Magna 
Station, 

3'Ox2'6xl'lO 
2'6x1'5x1'7 
5'OX4'6x3'9 
3'6x2'Oxl'6 
2'6 x 2'0 x 2'0 

2'0 x 1'0 x 2'0 
4'Ox3'Ox2'6 

3'Ox2'6x1'9 

3'3x3'Ox2'6 
3'Ox2'Ox20 

4'Ox3'6x2'O 
5'Ox3'Ox2'6 

3'Ox2'6 
3'Ox2'0 

l'5xl'9xO'1O 
4'Ox3'lx2'3 

1'6x1'6x1'O 

1'6 x 1'0 x 1'0 
-

2'Ox 1'0 x 1'0 

-
2'Ox2'Ox1'3 

lit, cube 
-
-
-

Syenite " 
Lias, Syenite, Granite, Greeu

stone, Millstone Grit. 
Granite of 1Iount Sorrel -

Granite and lIIillstone Grit 

Gnnite, Grit and Oolite . 
Granite, Grit and Slate of 

Charnwood, 
Granite, Basalt, Syenite -
Syenite 
Sandstone -
Syenite 

3'Ox2'lOx2'10 2'Ox1'OxO'lO " 

2;~~2~?0~1/g l'OX020XO'9 Gr~~ite of 1Iount Sorrel _ 

4'Ox3'6x3'O 
3'Ox2'10x2'8 
4'0 x 3'0 x 1'6 
6'Ox3'6x3'0 
3'Ox1'9x 1'3 

4'6x3'3x1'6 

49xZ'Ox2'3 

7'Ox6'Ox30 
2'6x2'O 

12'Ox 12'0 

-

-
--

4'0 x ~'O x 3'0 
1'9x1'3xO'1O 

-
-

-

-

-

Syenitet 

~Iiiistone Grit, Triassic sand
stone. 

}Iillstone Grit . 

Syenite 

,Iarlstone . 
Keuper sandstone, Oolite, 

Greenstone, Quartz. 
~Iarlstone . 

I 
I 

Reference to A.uthority, 

Brit, Assoc, Rep" 1881. p,206, 

" " 
1878, p, 192, 

" " 
1878, p. 192, 

" " 
1883, p. 141. 

" " 
1878, p. 193. 

" " 
1881, p, 205. 

" " 
1882, p, 245. 

" " 
1882, p, 245, 

" " 
1880, p. 114. 

" " 
1881, p. 205, 

" " 
1881, p, 206, 

" " 
1888, p. 123, 

" " 
1881, p. 206. 

l! " 1882, p. 246. 
IJ II 1888, p. 123. 

Geological Survey. 
Leicester Lit. Phil. Soc., iii., 

p.207. 
Brit, Assoc, Rep., 1878, p. 191. 

" " J) " " ., 1882, p. 245; 
Leicester Lit. Phil. Soc., 1882, 

p,23. 
Brit, Assoc. Rep., 1880, p, 111. 

" H 1880, p. 114. 
" " 18S1, p, 206. 
" " 1882, p, 246, 
" " 1882, p, 246. 

Leicester Lit. Phil. Soc" 1883, 
p.24. 

Leicester Lit. Phil. Soc" iii., 
p,208, 

Brit, Assoc. Rep" 1883, p, HI. 
" II 1880, p. 113. 

Geological Survey. 

Valley Drift.-Besides the two Boulder-clays described above 
there is a later deposit which we have called the Valley Drift, 
from its occurring along the lower ground, and in the 
bottoms of valleys which have been denuded since the older 
glacial beds were formed. This Drift occurs along the small 
tributary valleys about Barrow and Sileby, and seems to be 
occasionally present beneath the river gravels, but no clear sections 
have been seen in this area. It is never of any great thickness, 
usually not more than about. five feet or so, and appears to be largely 
made up of pre-existing Boulder-clays. ~It contains irregular 
lenticuiar .... patches of sand and gravel, which appear to have been 
thrust into the mass of the clay; but the most noteworthy fact in 
connection with this glaciation is that the upper portion of the Lias 
strata, on which it reposes, is nearly always more or less disturbed, 
and frequently violently contorted, with patches of gravel thrust 
into it for some depth. A good section of this was shown in the 
limestone quarry about (1 mile N.E. of Barrow Ohurch, a diagram 
of which is given below. 

t The microscopical character of these boulders is given ill the Appendix, p. 116. 



GLACIAL. 

FIG. 14.-Section in upper part of limestone quarry (" Darby's Pit") 
Iwrth-east of Barrow . 

. . .. . 

55 

a. 

c. 

- - . --. . ...- -- ..... ~ r. - - ........ .......... "--- . . . 
- --. ./ /' ............ -- -~-

. - - /.,./ '" - - ....... " ..... - - . 
. --- .;' ." -~'::>-- .- ~ 

-,--~~::~~~;;::~= ----~ 
- ==---

Ft. m. 
(t. Soil cap with Chalk fmgments, etc. - - about 1 0 
b. Boulder-clay with Chalk fragments and pebbles, antl 

streaks of sandy gravel. Afajority of stones are 
Chalk - 4 0 

c. Lias clay with specks of calcareous matter and bits of 
limestone; also patches of sandy chalk gravel here 
and there - - 2 0 

Lias shales and limestones below 

It is very evident that a different state of things existed at 
the time of the formation of this Drift to that which obtained 
during the deposition of the two earlier Boulder-clays. The small 
thickness of this clay, the limited area over which it extends, and 
the disturbed stratification both of it and of the beds upon which 
it rests, seem to point to the conclusion that the climate must have 
been considerably milder, and the ice of a more local character, 
than that which prevailed during the two preceding periods of 
glaciation. We would, therefore, suggest that this newer deposit 
may be the result of a purely local glaciation which operated 
for a much shorter period, and during which the present valleys 
were occupied by glaciers or floating ice emanating from the central 
region of Charnwood. * 

Sand and Gravel.-Besides the sands and gravels which are 
associated with the two earlier Boulder-clays there is a third series 
of these beds, which appears to have been deposited during this 
later period, although the age of these sands is always much 
more difficult to determine than that of the clay. 

As shown in the section at the top of the Barrow lime-pit (Fig. 14), 
both the Drift-clay and the upper part of the Lias contain 
frequen.t pockets of sand. TheRe may, in other places, spread out 
into thicker beds of sa.nd and gravel, but they are not distinctive 
enough to be shown on the map. 

* My colleague, Mr. H. B. Woodward, who accompanied me on one 
occasion to this pit, expressed his opinion that the glaciation l)elonged to 
the period of the Chalky Boulder-clay. 
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These sands and gravels, like the clay 
much above the bottoms of the present 
reason are not easily distinguished from 

itself, are never found 
valleys; and for this 
the post-Glacial valley 

~ravels. 

River Gravels and Alluvium. 
Along the valleys of the Soar and '''reak there are well-marked 

terraces of river gravel flanking the modern alluvium of these 
rivers. These are about 20 feet aboye the present river flat; and, 
near the confluence of the two rivers at Syston, form considerable 
spreads of flat gravelly soil. They have e,'idently been deposited 
at a time when the riYers flowed at a higher level, and when there 
was a greater volume of water than at the present time. These 
terraces in many places extend up the lateral valleys, and in their 
upper part join on to the alluyium of those stre,ams so that it is 
difficult to separate one from the other. This is the case at Leicester, 
where, the old town being built on one of these terraces, its later 
extension has obliterated all trace either of its connection with 
earlier valley deposits or \\,ith the alluvium of the Willow Brook, 
with which it hecomes merged in the northern part of the town. 
Besides the modern alluyium of the main streams there are fre
quently deposits of loam which have generally been ignored, but 
in a few places have been included with the alluvium. This loam 
masks the outcrop of the later Drift beds, so that without sections 
it could not be mapped. A great number of mammalian remains 
have been found from time to time in the newer deposits near 
Leicester, of which the following species are recorded by Mr. Montagu 
Browne. 
List of Vertebrate Remains found in Leicestershire, recorded by 

Montag1./. Browne (" The Vertebrate Animals of Leicestershire 
and Rutland," 1889). 

PLEISTOCENE. 
-----.-~ ~-- --~~~-.-~~-----------

Species. 

Bison 
bonasus, var. priscus. Bojanus 

Bos 
taurus, var. primigenius, Bojanus 

Cerv/U 
elaphus, Linmeus 

Elephas 
antiquus, Falconer 

Elephas 
primigenius. Blnmenbach 

Rangifer 
tarandus, Linmens 

Rhinocero3 
leptorhinu31, Owen 

Localities. 

Abbey Meadow, Archdeacon Lane, 
and Kegworth. 

Abbey Meadow, Belgrave m, Willow 
Bridge, West Langton. 

Abbey Meadow, North Bridge, and 
Barrow-on-8oar. 

Barrow - on - Soar and Thorpe 
Arnold. 

Valley of the Soar, Abbey Meadow, 
Belgrave, Humberstone, Thur
maston, Loughborough, Keg
worth, and Melton Mowbray. 

Grafton Place, Abbey Meadow, 
Belgrave, Aylestone. 

Belgrave, Thurmaston. 
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PREHISTORIC _h"D RECENT-

Species_ 

Bas 
taurus, var. 1011 g ifrons. Owen -

Capra or Ovis -

Capreoius 
caprea, Grey * 

Cervus 
dama, Lilln<DUs 

Cervus 
elaphus, Linmeu~ 

Equus 
caballus, Linmclls -

Sus 
scroia, Linmens 

Localities. 

_\bbey )leadow, Flood Works, 
Thurnby, Syston, Barrow-oIl
Soar, Loughborough. 

Leicester, Syston, and Barrow-on
Soar. 

Town Hall Lane and Flood 
'Yorks. 

~\bbey Meadow, Xorth Bridge, and 
Barrow-oIl-Soar. 

Braunston Gate, Fosse Road, 
Belgraye, Birstal, Mountsorrel, 
Barrow-on-Soar, Loughborough, 
Kegworth. 

St. Nicholas Church, Friar Lane, 
Abbey Street, Bede House 
Meadows. 

* Recorded in error by J. Plant, Leicester Lit. and Phil. Soc., 1874, 
p. 37. See Browne, L. Vert, p. 34. 
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CHAPTER vn. 
FAULTS. 

The solid strata in this district are, on the whole, nearly fiat, with 
a slight dip towards the east; and, although the beds seen in the 
streams are frequentl~- much disturbed, there do not appear to be 
many large faults. Omng to the covering of Boulder-clay there 
are probably more of these dislocations than are shown on the map, 
but they cannot cause any great displacement in the strata. 

Barrow and Sileby Fault. 
The principal e,idence for this fault is between Barrow and 

Sileby, beyond the northern edge of the map, where it cuts out 
the Rhretic beds bringing in the Keuper )farl against the Lower 
Lias. At Sileby the effect of the fault is very striking from the 
close proximity of these strata, both at the back of the village and 
in the stream. Further east the exact position is not so clear; 
but it is evident that it must either turn more to the north-east 
or be met by another fault to the north of Ratcliffe R. C. Oollege 
where the well was sunk in Keuper Marl without meeting with 
any Lias or Rhmtic beds. From the exposure of Keuper Marl 
in the valleys on either side of Thrussington it is clear that the 
falllt extends to the north of these sections, and is probably con
tinued some distance up the Wreak valley. Although the exact 
position of the fault cannot be determined, owing to the covering 
of Boulder-clay, its general effect is very apparent, by the setting 
back of the Rhmtic and Lias outcrop, and by the occurrence of 
the basement beds of the Lias at Kirby Bellars, far to the east of 
their normal position. 

Billesdon Fault. 
On the south side of Billesdon the .Jliddle Lias; which forms 

so grand an escarpment to the north of the village, is cut off by 
an east and west fault. The strata that are brought up to the 
south are, however, so much hidden by Drift that it is not possible 
to estimate the amount of displacement, but the recent survey 
of the ground about Rolleston and Skeffington seems to indicate 
that it is not nearly so large as has been supposed. In Sheet 64 
of the old Geological Survey this fault is continued to the north 
of Skeffington and Loddington, but there is so much Drift over 
the high ground east of Billesdon that, although this may be the 
same as the fault next to he described, it is better to treat them 
sepnrn.tely. 

Loddington Fault. 
The principal eyidence for this fault is in the two streams coming 

doml from Robin-a-Tiptoes, where the sandy beds of the Middle 
Lias are brought against the Lower Lias shales. At Loddington 
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the effect of the displacement is to bring the base of the Inferior 
Oolite rather nearer to the Rock-bed of the .lliddle Lias than it 
usually is. The amount of throw is, however, small and a sharp 
roll of the strata would nearly produce the same effoot. To the 
east of this the fault appears to soon die out. 

The other faults that have been noticed are only quite small, 
although they cause a marked breach in the continuity of the 
strata. In a little vallev north of Humberstone the Rluetic beds 
are seen in the stream ~n the south side of a fault running north-. 
west and south-east, while on the north the Keuper Marl nearly 
caps the hill· on the same line of strike. The throw may be frolll 
30 feet to 40 feet. 

On the north side of Burrow Hill there is a sharp drop in the 
base line of the Rock-bed, and the plateau formed by this rock 
is perceptibly higher to the north, towards Little Dalby, than what 
it is at the encampment. 

South of Somerbv there is another slllall fault that also thrmvs 
down the Rock-bell to the south. The effect of this dislocation 
is very apparent on the roads to Ouston and to Knossington from 
the dear features formed b\- the Rock-bed, which is 30 feet or so 
higher to the north than what it is on the south side of the valley. 
This fault is probably continued some distance to the west, for in 
the valley on the east of Burrow the escarpment of the Rock-bed 
drops very rapidly to the south, falling as much as 100 feet in 400 
yards. This seems to be the result of a sudden bending down of 
the strata on the line of fault rather than an absolute dislocation. 

It is possible that there is a fault along the south side of the 
Gwash valley, but the evidence is not sufficient to warrant the 
structure being so mapped. On the north side of tIlls valley the 
Rock-bed is fairly well exposed and makes a good feature; but 
on the south side the position of its supposed outcrop is entirely 
covered by Boulder-clay, either in place 01' in slipped masses. The 
stream, moreover, exhibits many sections in vertical or highly 
inclined strata, so that there is great probability of there beincr 
a disturbance of some sort along the valley. Possibly furthe~' 
evidence on the point lllay be forthcoming when the counb'y to the 
east is surveyed. 
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A.PPE..~DIX I. 

BORINGS fiT}) WELL SECTIONS. 

Leicester. 

WILLOW BROOK BORI~c~. 

On the estate of the Rey. F. G. Burnaby, at the foot of Spinney Hills, near 
where Green Lane crosses the brook. From Mr. Plant's MSS. :-
----~------- ----~ 

1 ~[arl 
2 Gypsum and grey skerry 
3 Marl 
4 Gypsum-
5 Marl 
6 Gypsum 
7 Purple marl and gypsum 
8 Gypsum and marl -
9 Gypsum, marl, and skerry 

10 Gypsum 
11 Gypsum, marl, and skerry -
12 Gypsum and grey marls -
13 Purple marl -
14 Skerry 
15 Gypsum and marl -
16 Sandstone 
17 Gypsum, marl, and skerry -
18 Grey sandstone 
19 Gypsum, marl, and skerry -
20 Red and grey marl -
21 Hard grey marl 
22 Grey marl 
23 Red and grey marl -
24 Grey marl 
25 Red marl 
26 Grey marl 
27 Red marl 
28 Red and grey marl -
29 Gypsum 
30 Sandy marl 
31 Gypsum, skerry, and marl -
32 Gypsum and a little marl 
33 Grey skerr~r 
34 Sandy Illarl and skerry -
35 i GYPS;llll - . 
:3G ::-\,md,- marl 
:37 Red' Illa rI 
38 Hard grey marl 
:39 S;\nrl~' marl, skerry, and gypsum -
40 Hard grey marl 
41 ~farl, skerry, and gypsum 
42 Hard grey marl 

i 
I Thickness. Depth. 

J ____ 
1 

___ _ 

I 
Ft. lll. 

40 0 
11 0 
9 0 
1 0 
2 0 
2 0 
5 0 

10 0 
20 0 

17 
4 

3 0 
o 
o 

2U 0 
4 0 

17 0 
3 0 

U 
5 U 

87 

30 0 
6 0 
4 0 
4 0 

24 0 
2 0 

10 0 
1 0 
5 0 
9 U 
o 6 

14 6 
30 0 

9 0 
7 0 

18 0 
3 U 

10 0 
8 0 
2 0 

o 21 
2 

12 
1 

o 
o 
o 

Ft. lll. 

51 0 
60 0 
61 0 
63 0 
65 0 
70 0 
80 0 

100 0 
103 0 
120 0 
124 0 
144 0 
148 0 
165 0 
168 0 
255 0 
260 U 
290 U 
296 0 
300 0 
304 0 
328 0 
330 U 
34U U 
341 0 
346 0 
355 0 
355 6 
370 0 
400 0 
409 0 
416 0 
434 0 
437 0 
447 0 
455 0 
457 0 
478 0 
480 0 
492 0 
493 0 
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WILLOW BROOK BORIKG.-continued. 

\ Thickness. DeptlJ. 

1------------------------ -----

4:~ 

4-1 
45 
46 
47 
48 
48 
50 
;,}1 

5:2 
53 
54 
55 
56 
57 
58 
58 
60 

Sandy lllarl and skerr~- -
Skerry with little lllarl -
Sandy marl and skerr~- -
Gypsum 
Sandy marl and skerry -
Sandstone with mica' 
Purple sandy marl \yith skerry -
Sandy marl with mica -
Sand}- lllarl with skrrn- -I 
~Iarl with gypsum -
Sandy marl * -
Red sandstone 
Red sandy marl with skerry 
Sandy marl (spring of water at base) -
Sandy marl 
Micaceous sandstone with~ black spots -
Running.sand 
Red sandstone 

Tools broken in holr. 

C01"J'elation oj the above. 

Keuper Marl-
Lower Keuper Sandstone (proved) 

Ft. Ill. 

32 0 
11 0 
18 0 
2 0 

24 0 
2 0 

28 0 
3 0 
9 0 
2 0 

16 0 
10 0 
10 0 
10 0 
20 0 

1 0 
43 0 

7 0 

LODGE FARM, SPINKEY HILLS. (BORIKU Ko. 1.) 

Ft. In. 
525 0 
536 0 
554 0 
556 0 
580 0 
582 U 
610 0 
613 0 
622 0 
624 0 
640 0 
650 0 
660 0 
670 0 
690 0 
691 0 
734 0 
741 0 

Ft. In. 
640 0 
101 0 

Began NOYE'lllber 14th, 1877. Stopped December 1st. 
From Mr. Plant's MSS. 

I 

Depth. 
I 

Thickness. 

~ -~.--~---- ---------------- .--

1 
2 
3 
4 
;) 

6 
7 

8 

Soil and drift cla~- -
Whitish yellow clay 

" " " 
" " " Reddish yellow clay 

R€'d cby 
Red clay and gypsum (gypsum bed 20 

feet, 8 feet term alba, 11 feet common) 
Bed clay and marl- - - - -

Stopped Dec. 1st to prepare shaft. 

Ft. in. Ft. m. 
5 0 5 {J 

3 0 8 {J 

5 {J 13 0 
6 0 19 0 
9 0 34 3 
6 3 28 0 

70 3 
36 0 89 3 
Hl 0 

* Spring of pure watel' at bottom of running sand at 636 feet [?] rose 
20 feet above top of borehole. 
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Mar.11 

" 
12 

" 
12 

" 
13 

" 
14 

" 
14 

" 
15 

" 
15 

" 
16 

" 
20 

" 
21 

" 
21 

" 
22 

" 
23 

" 
25 

" 
211 

" 
27 

April 1 

" 
2 

" 3 

" 
4 

" 
4 

" 
5 

" 
5 

" 
6 

" 
8 

" 
9 

" 
10 

" 
11 

" 
12 

" 
13 

" 
16 

une19 J 
A ug. 

" 
21 

" 
22 

" 
23 

" 
24 
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LODGE FARM, SPINNEY HILLS. (BORING No.2.) 

Hole shifted to another part of 10 feet shaft, 8 feet in diameter, 3 feet south 
of No.1 borehole, but in thc same shaft. Began March 4th, 1878. * 
Copied from boring-book; the particulars in brackpts are from another 
account. 

---~ --

Core obtained~fiL 
Diameter of bore 

-- Thick- Depth. 7in. Below 143ft. ' 
ness. 3in. core obtained 

'!lin. Diameter of' 
bore,5in. 

Ft. in. Ft. in. Ft. in. Ft. in. 
{Sail and earth - - 1 n Limestone and shaly clay Gravel and sand - - 2 - 20 0 

" " Clay - - - - 4 ~ f 6 2 26 2 Broken up. 
" II Grey.white sandy marl· - 20 2 3 28 5 2 3 

Red marl {ChOcolate red marl 511 } 
4 4 10 2 38 7 4 9 

:Marl and O'ypsum" {Ch~COla~e-red marl - 15 11 } 17 1 55 8{ 
2 2 Marl. 

~ Pure .oild gypsum - 1 2 1 2 Gypsum 

{Red marl - - - - . 3 4 

} 3{ 
6 lIlarl. Gypsnm, pure solid (pure terra -

Gypsum and marl 7 7 63 - 9 Gypsum. alba) - - - - _ - 9 
Red marl mixedwitil gypsum 3 6 3 6 Marl mixed 

withgYPSIlIll 
~Iarl and inferior { Red marl mixed with gypsum 5 1 } 5 1 68 4 3 1 gypsum 

Gypsum and marl {Gypsum,pure solid (pure terra alba) - 7 } - - - 7 
Red marl (chocolate) - - - 5 1 5 8 74 0 3 1 

{Red marl (chocolate) . 3 5 } o{ 
2 6 Marl. 

Gypsum and marl Gypsum (pure terra alba) - 7 8 0 - 7 Gypsurn,good 
82 4 0 Marl and Red marl- - - - 4 0 gypsum. 

}farl (Red marl) -11 7 11 7 93 7 6 7 

:} 9710{ 
1 2 Marl. 

1farl and gypsum {Red marl - - - 2 4 3 1 4 Gypsum, good Gypsum (pure terra alba) 1 - 6 MarL 
Marl - 511 103 9 

o{ 
1 7 Gypsum with 

Gypsum and marl 6 3 110 marl. - 1 5 Marl veined 
with gypsum. 

Marl and thin gypsum - 5 4 115 4 5 0 

" " - 3 2 118 6 3 0 

~Ial'r with veil~~ of gypsum 
- 6 7 125 1 6 0 
- 8 0 133 1 7 0 

" " - 8 2 141 3 8 0 

" " 
- 2 0 143 3 - 8 

Red marl - 7 6 150 9 4 0 

10 0 160 9{ 
7 0 At 165 grey-

" 
- green marl. 

3{ 

2 6 Red marl. 
4 6 Blue marl 

Blue marl with bands of sandstone - 7 6 168 with bands 
of sand-
stone. 

" 
- 11 0 1 "9 3 11 0 

and red n~'arl - 10 9 190 0 8 0 
Red ;{larl - 4 8 194 8 4 0 

with bands of sandstone - 10 5 205 1 10 0 
Red'~arl and gypsum - 10 6 215 7 9 0 

" " 
- 10 0 225 7 10 0 

" 
,. - 14 5 240 0 13 10 

16 2 256 2e5 8 252-253"4gl'ey 

" " - rock. 

" " 
- 14 ~ 270 4 8 8 Broken ground 

" " 
- 9 3 279 7 6 2 

" " 
" 

- 6 2 285 9 4 0 
M~rl. " 

4{ 3 2 
~Iarl, grey rock and sandy marl - 8 i 294 4 0 Grey rock. 

1 5 Sandy marl. 
Marl and gypsum - 7 2 301 6 3 6 

Red marl al;d gypsum 
- 1010 312 4 6 0 
- 2 8 315 0 2 0 

" " 
- 16 6 331 6 11 0 

" " - 10 9 342 3 10 6 

" " - 7 0 349 3 5 0 

'" Borer says began January 7. These dates are of some importance in reading the reports which 'Yere drawn 
up at the time, and in understanding the controversy which arose about the several borings of the Evmgton Coal 
Boring- Company. 



Aug. 26 

" 
27 

" 
28 

" 
29 

" 
30 
31 

se'Pt. 2 

" 
3 

" 
4 

" 
5 

" 
6 

" 
7 

" 
9 

" 
11 

., 14 

" 
16 

" 
18 

" 
19 

" 
20 

" 
21 

.. 22 

" 
23 

" 
24 

" 
25 

" 
27 

" 
28 

Nov. 
20 
21 
22 

5 
6 

9 

10 

LEICESTER. 

LODGE FARM, Spn.~""EY HILLS (BORING No. 2.)---cont. 

:, Thick· I Depth. I ness. 
i 

1Ft. in. Ft. in. 
Red mot~led marls veined with gypsum - 1~ 0 ;l67 3 

.. 21 0 388 3 
28 6 416 9 

" 
., 

29 S 446 5 
" " 470 5 
" " 

24 0 
15 0 485 5 

Sandy mottled marls and gypsum in thin veins 32 2 517 7 

" 
.. 25 6 I 543 1 

,. ,. 25 5 I 568 6 
31 6 1600 0 

" " 

" 
and sandstone 35 6 635 6 

Red sandstone and marls 29 6 653 0 
:Marls and deep red sandstones 20 0 673 0 
Marls and sandstone 18 10 691 10 
Red and pm'pItt marl and sandstones 15 4 707 2 
Purple-brown sandstones and marl 16 5 723 7 
Breccia and sandstones 15 3 738 10 

5 1 743 11 
Purple shal'~ 20 1 764 0 

" 
4 0 768 0 

" 
4 9 772 9 

Dark shale, hard and iointy 17 0 789 9 

Dark shale 'bf slaty character -
4 3 794 0 

10 3 804 3 

" " 
10 5 814 8 

" " 
4 5 819 1 

I 

Ft. 
15 
17 
25 
:H 
to 
12 
24 
21 
23 
17 

n 
5 
9 
-
7 

11 
11 

4 
3 
1 
3 

Core obtained, 4ill. 
Diameter of hore, 5in. 

in. 
0 
0 
3 
0 
3 
6 
U 
6 
0 
6 607ft. lOin. to 621ft. Sin. 

soft sandstones and 
water 

9 Do. and sandstone. 
9 Red 8anJstone anti ll1nrl~ 
0 
0 
8 
0 
0 
6 
0 
6 
0 
6 

a 
t 4 0 rocky shale splitting a 

{The strata hcre is, 

3 - t3 a high angle and, fal1iuf:, 
dQwn, grinds away. 

2 10 
3 0 

CROWN HILLS, NEAR EVINGTON. 

Clay (dug ant) 
(light) 

Light clay -
Limestone -

Blne'~lay -
Limestone -
Blue clay -
Limestone -
Blue clay -
Limestone 
Blue clay -

Lim~stone . 
Blue clay . 
Light clay· 

Blu~' clay -
Limestone -
Blue clay -
Limestone -
Blue clay 

Lim~stol1e -
Blue clay -
Limestone -
Blue clay -
Limestone -

Copied from boring-book by Mr. Plant. 

Ft. in. Ft. in. Ft. in. 
2 8 2 8 Diameter of bore) 7 {,.in. 
1 0 3 8 1 0 
4 0 7 8 
3 0 10 8 6 

} 3ft.6in.*{ - 2 
- 3 

2 0 12 8 6 
3in. 2 3 14 11 - 3 

- 9 
. 7in. - 7 

5 1 20 0 -11 Pebble fonnd. 
- 2in. - I! 

1 5 21 5 { 7 
1 

2 5 23 10 - 6 
·4in. - 3t 

- 1 
1 8 25 6 Not drawlI, 
-10 26 4 None. 
- 2 26 6 - 2 

- Gin. - 51 26 11f - 5! 

) "" :~;"{I 
4 101 31 10 None. ~ 
- 3 32 1 - 3 
1 7 36 8 2 6 
211 39 7 Not drawlI 
2 0 41 7 4 5 
3 0 44 7 7 

- 2in. - 2 44 9 - 2 
- 3in. - 3 45 0 - 1 
- 2in. - 2 45 2 - 2 
- Sin. - 8 4510 - 5 
- 2in, - 2 46 0 - 2 

't The. tig':ITes in this column are from anothe,r t.'CCOUllt, given on page 66, which was founo nmong Mr. Plant's 
MS,I. It IS dlff\rult. tD understand exactly what IS mten<ied, but the last colul11n shows what was really bronght np. 



()4 BORI~GS A~D WELL SECTJOXS. 

CROWN HILLS, ~EAR EVINGTON-conf. 

Thick-
I 

Depth. Length 
nesS. of Core. 

Ft. in. Ft. in. I n. in. 
Blue clay } 'ft _. , I - 10 46 10 - 7 :... . 1m. I 1 9 48 , 5 
Lim~stOlll' . :ztill. :2-k 48 9! ~t 
Blue clay . lOin. 10 49 -, - 5! " De('.11 Limestone - - 2 49 g~ - 2 
Blue clay - 40t 50 2 - 3t 
Limestone - - 1'< 50 3! - It 
Blue clay - ., 50 5:1: - 0 
Lirnestoue . - IJ 50 6i - I} 
Blue clay - 3 50 91 - 0 
Limestone - - 3t 51 1 - 3! 
Blue clay } { - 9 51 10 - 0 

6ft. 2in. 411 56 9 

Lim~stolle . 
- 6 57 3 - 5 
- 3}, 5i 6~ 3~ 

Blue clay 
} 7ft. 9!in. 

( 3 10~ 61 5- 0 

l 
3 10 65 3 3 

I: 
Lim~stone . 

65 4 - 0 
- 1 65 '5 - 1 

Hlne clay 68 7 0 
13 

Lin'{estone -
69 10 - 6 

- 1~ 69 111 - It 
Hlne clay 6 72 5~ 4 
Limestone· - 1 72 6! - 1 
Blue clay 0 73 6! - 2 

Lime~tone -
- 6 74 ~ - 3 
- I! 74 2 - I! 

Hlne clay 1 78 3 211 
.. IU Limestoue - - 1~- 78 4~ - It 

mue clay 7 82 llt 4 0 
8t 88 8 5 1 
4 91 0 

, Xot drawli. 
,. 17 4 94 4 4 10 

It 99 5t 4 9 

Li~estone -
6t 101 0 1 6 

- 1 101 1 - 1 
Blne clay 3 7; 104 M 1 

4 10 109 6} 2 8 
18 4 11! 114 6 5 2! 

4 10 119 4 4 2 
5 1 124 5 3 4 

.. 19 5 3 129 8 5 6 

Lime~tone . 
4 8 134 4 4 
- 8 135 0 - 8 

Blue clay 2 llt- 137 lIi 6t 
Limestone· 3t 138 3 - 3~ 
Blue clay 0 140 3 S 

Lim~jstone . 
9 141 0 - , 
." 141 2t - 2t ~:r 

Blue clay 1 141 3t Limestone· - 2 141 5, - 2 
lllue clay 3 9i 145 0 .. ~(\ Blue clay Or blue shale 5 6 150 6 4 :,q 

Lime~ltone 3 0 153 6 2 S 
4 153 10 - 4 

Blue clay 156 a 
22 

Lime~tone -
1 156 1 - 1 
1 156 2 - 1 

Blue clay 0 157 - 7 
Limestone - 4} 157 6* - 4j-
lllue clay 3 157 9} 
Limestone ~ 3 158 ot - 3 
Blue clay 9 158 9! - , 
Limestone ~ 3~ 159 1 - 3>\ 
Blne clay 3 159 4 
Limestone - 3t 159 n - 3! 
Blne clay 4 159 lli 
LimestUlle - 6 160 5! - 6 
Blue clay 7 161 O! 
Lim~stone -

G 161 6~ - 6 
3 161 9t - 3 

Hlne clay 5 166 2t 4 0 
5k 171 8 5 4 

~:~ 5 2 176 10 411 
5 182 1 4 10 
5 2 187 3 4 1 

" 
~4 

White limestone mottled or nlixed with blu; clay 
1 10 189 1 1 7 
3 7 192 8 3 0 
5 4 198 0 4 8 

1880. 5 4 203 4 4 10 
Jan. I; 1 0 204 4 - 7 



LEICESTER. 65 

CROW~ HILLS, NEAR EYI~GTON-cont. 

White limestone shale 
Jan. 7 ~Iottled and red marl with band of gypsum 

White limestoue shale 
Red marl 

8 " and gypsum 
White limestone shale and band of gypsum 

14 Red marl, limestone shale, and veins of gypsum 
15 Red marl and gypsum 

16 

Gyps;;m (pure) 17 
Red lllarl <:\nd g-ypsum 

,. 19 
GYPS~lll 

20 
Red marl and gypsum 

21 

" 
2~ 
~3 
24 

Blue ~nal'l and ID~Sl1m 26 
27 Red marl and gypsum 

28 

" 
29 

, 30 
Red ~'nd blue m~Jrl and gypsum 

}'~h. 
31 

Red ;;larl and gypsum 

F~b. 
4 

Red ~nd blue m~rl and gypsum 5 

6 

7 )J I' M~r.19 Red marl with veins of gypsum 

" 
23 

Red and blue marl with gypsum 
A.l~l'. 

24 
1 
2 
3 

Red m~~'l 8 
Blue marl with bands of gypsum . 
Red marl with one band of gypsum 

" 
22 Red and hlue marl and gypsum 

" 
23 

" 
" 

24 Red marl· 

" 
26 

" 
28 

Red'~nd blue marl and gypsum 29 

M~y 
30 
1 
3 
4 
5 

7 
8 

10 

" 
11 

" 12 

" 13 

" 
14 

" 
15 

" 
20 
21 

Red m~~'l 
" 

25 

" 29 Red nud blue marl aud gypsum 
31 

Ju~e 1 

5470, 

: I 

I ThiCk., Depth. 
ness. 

Ft. in. n. in. 
1 6 205 10 
2 6 208 4 
2 0 210 4 
- 9 211 1 
- 3 211 4 

9 215 1 
12 3 227 4 
12 11 240 3 
3 6 243 9 

10 2 253 11 
3 0 25611 

10 6 26i 5 

6 4 273 9 

9 0 282 9 
13 2 295 11 

3 a 298 11 
7 306 6 

6 1 312 7 
4 1 316 8 

11 4 328 0 
2 0 330 0 
-11 330 11 

12 7 343 6 
311 347 5 
3 0 350 5 
6 3 356 8 
7 ~ 363 11 

10 10 374 9 
3 6 378 3 
2 5 380 S 
6 0 386 8 
5 2 391 10 
7 1 398 11 
7 6 406 5 

~ I 
6 5 412 10 
3 4 416 2 
2 9 418 11 
7 3 426 2 
7 7 433 9 
3 10 437 7 

10 5 448 0 
10 2 458 2 
9 4 467 6 
6 2 473 8 
9 8 483 4 

9 3 492 7 
8 10 501 5 
1 6 

I :g: 'l - 9 
5 0 508 8 

10 6 519 2 
711 527 1 
9 4 536 5 
9 3 545 S 
3 0 548 8 
6 6 555 
4 2 559 4 
7 2 566 6 
4 3 570 9 

12 6 583 3 
10 1 593 4 
12 3 605 7 
6 4 611 11 
2 4 614 3 

10 2 624 5 
12 5 63610 
12 2 649 0 
8 3 657 3 

11 0 668 3 
11 a 679 3 
9 3 688 6 

11 0 699 6 
1111 711 5 
11 3 722 8 
12 0 734 8 

I Leugth 
of Core. 

Ft. in. 

} 9 

- 8 

} 
2 0 
8 0 

11 7 

}13 3 

9 6 
2 3 
1 1 
-10 
1 Ii 
2 1 
6 8 

13 1 

} 3 
, 

2 0 
6 

11 3 
III 

6 10 
1 9 

1 3 
12 11 

L~i 

11;\ 1 7 
4 0 

~ ~f 2 6 
1 10 
4 10 
7 3 
3 1 
7 7 
711 
6 9 
3 6 
1 6 
4 8 
4 4 
4 2 
7 6 

- 3t 
- 7 
7 2 
4 10 
6 10 
7 2 

Diameter of bore, 31ir .. 

Broken ground. 

Not drawn. 
7 0 

Not drawn. 
11 1 
- 6 
8 10 

10 6 
10 4 
Not drawn. 
310 
6 5 

10 10 
6 1 
1 9 
9 10 
9 4 
2 tl 
9 7 

10 0 
8 0 
6 3 Sandstone at 73lft (Plant). 

F 



June 3 
4 
5 
7 
9 

July 

10 

15 

17 

18 

21 
22 

23 
24 
25 
26 
29 
30 

7 
8 
9 

10 
12 

66 BORINGS AND WELL SECTIONS. 

CROW~ HILLS, .NEAR EYINGTOS-cont. 

Soft sandstone and marl 

!.' Thick· \ 
I ness. Depth. 
i 

. Ft. in. 
13 ! 

I 9 10 
9 ! 

I 4 i 
Soft 8.:'tl;'dstone 

Red m~~l 
Gypsum 

. 114 10 

. Ft_ in. 
748 0 
757 10 
767 2 
771 9 
7~6 7 

Soft sandstone 
Red marl 
Soft sandstone 
Red and blue marl 
Sandstone and gypsum 
Red and blue marl 

I 
Sandstone ~ - - - -
Red and blue marl . 
Sandstone - - - - -
Red and blue marl· . . 
Coarse sandstone and red mm I 
Red and bltle marl 
Sandstone -
Soft red and blue marl 
~a.llustOlle -
Fine light red &'l"u<lstone -
Coarse dark red sandstone and gravel 
Coarse light red sandstone and gTilYt'1 
Red marl 
Fine white sandstone 
Coarse white sandstone 
Red marl 

Rara purple rock with many veins at various 
angles. 

Hard purple rock 
Hard purple and black rock 
Hard black rock 

Deep" black"slaty rock with vertical and angnlar 
veins, white. 

Deep black slaty rock with vertical and angnlal' 
YeillS, white. 

Deep black slaty rock with vertical and angular 
veins, white. 

Hard black slaty rock 

15 5 802 0 

l! 5 816 5 

19 2 S:ii) 7 

1 1 . S:l,j 
5 6 1042 

6 3 
1 10 

8 
1 2 
2 4 
4 8 
6 9 
3 0 

10 0 
11 S 

9 

10 

14 
14 
13 0 
10 5 
1;, 2 
911 
5 4 

S!S 
850 

858 7 
859 9 
862 1 
866 9 
873 6 
876 6 
886 G 
898 

907 

91" 3 

932 
946 
959 5 
96910 
985 0 
99! 11 

3 

Length 
of Cure. 

Ft. ill . 
3 8 
2 4 
3 10 
1 8 
2 6 
- 7 
- 1 
- 2 

3 
- 5 
- 3 
- 8 
- 2 
1 4 
- 10 
1 6 
- 7 
- ! 
- 8 
- 4 
- 3 

7 
- 2 
- 4 
- , 
~ I} 
- 1 
- 2 
- 1 
-11 
-11 
5 ! 

9 
1 ~t Struck at 84S[L. Oin. 

7 9 
- 9 

5 10 
Not drawn. 
8 6 
9 3 
9 6 Strllck at SS.ift. 

6 

10 

9 tI 
11 9 
11 6 
10 3 
10 5 

5 10 
4 1 Rods measured by ~Jr. 

W. Howes, depth ac· 
cording to measure, 
1,902ft: 3in. 

Another ,lC'conllt of the npper p"rt of the aboye section, left III :MS. by 
'Ir. Fbnt:-

Ft. 1l1. 
Soil 0 6 
Light clay 8 8 
LimestollE' 3 G 
B[1\(' rby] 1 G 
Limestone 0 3 
Blne cla~' 0 11 
Limestone 0 7 
Blne ct,)" 1 11 
Limestone 0 2 



Blue clay 
Limestone 
Light clay 
Limestone 
Blue clay 
Limestone 
Blue clay 

LEICESTER. 

CROWX HILL~, XEAR EnX(~TOX-cont. 
Ft. 
5 
0 
2 
0 
4 
0 

12 

67 

!D. 

6 
4 
8 
6 

11 
3 
6 

44 8 
gu1ltmary and Correlation of the Crown Hill Section. 

Base 
Thickness. reached at. 

----

Ft. m. Ft. 1Il. 

Lia~, inclnding soil and ,yeathered cla~' at 
the surface 189 189 1 

Rluctic beds, incllHling the tea-green marls 16 9 205 10 
or more 

Keuper lllarl 525 2 731 0 
Keuper sandstone lO5 S S36 8 

THE CO-OPERATIVE BOOT WORKS, KNWHTON FIELDS. * (Chisel Boring.) 
Communicated by Messrs. Mather and Platt. Date of sinking, 1892. 

Old ,yell 
Red marl 

--- - .----.- ----

Blue shale and marl [grey shale a ncl skerry gandstoneJ 
He<1 marl and g~'psum [bands of g~'pSllm not more 

t han one foot thick] -
Very soft red and blne marl 
Very hard marl -
Red marl with thin bands of green sandstone 
Red marl and gypsum 
Hard grey sand rock -
Hed marl and gypsumt 
Fine red sand rock -
Hard sandy Illarl 
Hard fine red sandstone with thin beds of marl -
Coarse red sandstone with bands of ,y hite roc k 
Very hard dark blne and black shalE' -
Vcr)' hard gre~' rock, limestonct [pyritl'sl -
Soft black shale -

----- -- ----

Thick
ness. 

Feet. 
Of 
:3D 
12 

132 
20 

6 
4 

220 
12 
5;) 

11 
15 
33 

G 
G:i 
83 
57 

Depth 
from 

Surface. 

Feet. 

96 
108 

240 
260 
266 
270 
490 
502 
557 
568 
583 
G16 
622 
685 
768 
825 

*Othel' accounts of this boring are giY<'n by Mr. Paul, Trans. Leicester 
Lit. Phil. Soc., 1893, p. 105 ; and by Mr. Montagu Browne, op. Cl·t. p. l!.l9. 

t The presence of gypsum below 490 feet is donbt.fnl, aIHI, considE'l'ing 
thr ('bract!'r of the boring, lllay haY<' fallrn in from higher beds. 

t See appendix pp. 117. 
5470. 



68 BoRINGS AXD WELL SECTIONS. 

V:lliTRY.STREET BATHS. * 

Sunk ~,nd communicated by Messrs. Legrand and Sutcliff, 1890. 

The additions in sqnare brackets are from obsen-ation of the specimens. 
Mr. Pa111 states that the water-leyel is 17 feet below the surface. 

LONDON ROAD. ::Um,I-lut; DA VIS, ~IooRE, AND Co.t 

Sunk and ~olllmunicated by Messrs. G. Isler and Co., per Mr. W. Whitaker. 
Water-level 29 feet down. Supply abundant. Shaft 46 feet, the 
rest bored. 

--------

Thickness. Depth. 

Ft. lll. Ft. lll. 

Red marl 53 0 53 0 
Hard grey stone - 4 0 57 0 
Hard red marl - 20 6 77 6 
Hed marl and grey stone - 7 6 85 0 
Coloured marl 4 0 89 0 
Bille marl - 3 0 92 0 
Rock - 10 11 102 11 
Red Illarl 2 0 104 11 
Rock - 5 0 109 11 
Rock and Illarl - 6 0 115 11 
Gypsum and marl 7 6 123 5 
GYPsllm 3 0 126 5 

* A slightly different account of this boring is ginn by Mr. Paul, Trans. 
Leicester Lit. and Phil. Soc., 1891, p. 408, and by Mr. Montagu Browne, 
[bid., 1893, p. 152. 

t 'rile account giHn of a boring at thi~ place by M.r. Plant, Brit. Assoc. 
Rep. for 1889, p. 74, copied on page 77, does not agree very well with this. 



LEICESTER. 

A slightly different account giyes 

Thickness. I 
-~-- ~~~- ----------

Dug well -
Red marl -
Hard grey stone -
Hard red 'narl 
Blue marl -
Rock -
Marl rock -
Marl 
Gypsum 

50 0 
3 0 
4 0 

30 0 
3 0 

17 D 
3 9 
9 6 
3 0 

69 

Depth. 

53 0 
57 0 
87 0 
90 0 

107 9 
111 6 
121 0 
124 0 

51, CHARSWOOD STREET. LEICESTER BREWING AND :MALTING C01IIP.\NY 

Sunk and communicated by ~Iessrs. Isler and Co. Boring made in 1895. 

Dug well· -
Red marl -
Hard red and grey rock -
Hard red rock -
Stone 
Red stone -
Red marl stone -
Blue shale and stone -
Green rock 
Blue rock -
Green stone 
Greyish stone 
Very hard rock -
Green and red shale and rock -
Red sandstone and shale -
Red sandstone -
Sandstone -
Red sandstone 
Red stone -
Red sandstone 
Red stone -
Sandstone -
Red rock 
Hard stone -

Thickness. I 

Ft. m. 
59 0 
10 6 

4 0 
7 3 
4 6 
3 0 

13 9 
3 6 
6 0 
2 6 
3 6 
1 6 
4 7 
2 9 
3 0 
7 6 

22 6 
3 0 
3 0 ., 
oJ 6 
5 0 
3 2 

11 6 
11~ 6 

Depth. 

Ft. m. 

69 6 
73 6 
80 9 
85 3 
88 3 

102 0 
105 6 
III 6 
114 0 
117 6 
119 0 
123 7 
126 4 
129 4 
136 10 

4 
4 
4 

15D 
162 
165 
168 '10 
173 
177 
188 
200 

10 
o 
6 

rO 

Water-level, 36 feet below the surface. Supply, two barrels a minute. 

·'rhe detail .. of this well are given on p 76 



70 BORIXGS AXD WELL SECTIOXS. 

~lE';SR~. ELSE A:::>D FRO:llE. 

Boring made in 1884. Sunk and communicated b~' ~Iessrs. Legrand and 
Sutcliff, per ~Ir. W. "-hitaker. 

, Thickness. Depth. 

Ft. Ill. Ft. lll. 
Dug well 50 0 
Red and grey marl - 6 0 56 0 
Hard shaly marl - 17 0 73 0 
Hard blue marlstone - 9 6 82 6 
Bl ue lIla rl rock - 3 0 85 6 
Light [colouredl sandstone 4 6 90 0 
Light kolouredlmarl - .) (j 0.) 6 
Red llnrl rock 1-1 (j 110 0 
Hal'll red marl and g.I'PSUlll :3U 0 1--10 0 

\\'atcr-Ie1el, -13 feet belo,,' the surface. Suppl)', 15 gallons a minute. 

Boring made III 1894. Sunk and communicated by Messrs. Tilley. 

Thickness. Depth. 

Ft. 1Il. Ft. Ill. 

Clay 2 0 
Granl, 6 0 8 0 
Light [colouredl lllarl 7 0 15 0 
Red marl ~1 () 36 6 
Light [coloured] sandstone "'ith IYater ~ 0 38 6 
Red marl 11 G 50 0 
Light. [colouredJ ~'\lllbtolle \"ith water 1 10 51 10 
Re(l marl (yeins of g)'psum) 24 10 76 8 
Loamy sand \\'ith water 5 4 82 0 
Red marl 17 0 99 0 
Red lllarl \yith nins of gypsum - 15 0 114 0 
~Iixed marl- 22 0 136 0 
Red marl with olle inch of bard sand8tone at the 

top - 5 G 141 6 
Sandstone 1 3 142 9 
Hed marl 1 0 143 9 
Sandstone 6 144 3 
Hard red lllarl j 9 100 0 
Red marl and grpS1ll11 4 0 154 0 
Sandstone wit h Wei tel' 4 154 4 
Rt'd marl mixed - 15 8 170 0 



LEICESTER. 71 

~\LL SAINTS' BREWERY (~IESSRS. LANG MORE AND BANKHART). 

Sunk and communicated by Messrs. Legrand and Sutcliff, 1884, per Mr. 
Whitaker. Water-level, 27 feet down. Yield, 40 gallons a minute. 

Dug well (the rest bored) -
Red marl 
Soft blue stone -
Purple marl and soft marl in layers -
Sandstone -
Soft red marl 
Soft red sandy marl -
Red marl and sandstone -
Red marl and gypsum 

Thickness. 

Ft. in. 

7 0 
4 0 
9 0 
2 0 
3 0 

15 0 
9 0 

13 0 

AYLESTONE ROAD GAS WORKS. 

Depth. 

Ft. lll. 

45 0 
52 0 
56 0 
65 0 
67 0 
70 0 
85 0 
94 0 

107 0 

Boring made in 1877. Sunk and communicated by Messrs. Docwra and 
Sons, per Mr. Whitaker. 

--------------~-------

~ (Black soil - -
.:s . I Loamy clay -
15.S Sandy clay with stones - - -
~ ~ ~ Red loamy sand - - - - -
.~ ~ I Red clay mixed with rock stones - -
~,.. I Greenish sandy clay mixed with rock 

\.. stones -
Light grey rock - -
Light grey rock (soft) -
Red sandy marl -
lIard red rock -
Soft red sandy marl 

Thickness. I 

Ft. in. 
- 6 
1 6 
2 0 
2 0 
3 0 

2 6 
6 6 
3 0 

22 0 
2 0 
4 0 

CORPORATION WATERWORKS, NEW PARKS. 

Depth. 

Ft. in. 
- 6 
2 0 
4 0 
6 0 
9 0 

11 6 
18 0 
21 0 
43 0 
45 0 
49 0 

Borin" made in 1895-96. Sunk and communicated by Messrs. l~ler 
al~d Co. 

Thickness. Depth. 

Ft. Ill. Ft. m. 
Dug well 18 0 
Blue marl - 7 0 25 0 
Red marl 46 0 71 0 
Stone 1 6 72 6 
Red marl 39 6 112 0 
Blue and red Illarl - 10 0 122 0 
Red marl - 4 0 126 0 
Stone 7 0 133 0 
Red marl - 7 0 ]40 0 
Stone 14 0 154 - () 
Red marl - 6 0 160 0 
Stone 2 160 2 

Water-level. 100 feet from surface. 



72 BORIXGS ASD 'YELL SECTIOXS. 

SPIXNEY HILLS A:l'D CROWX HILLS. 

Shallow borings sunk by T. R. Bosworth, bet,,'een K ovember 26th, 1878, 
and January 11th, 1879. From .Mr. Plant's MSS." 

BORE Xo. l.-[Spinney Hill Park, about 120 yards north-east of the south 
west gates.] Water at 19 feet. 

Soil 
Yellow clay -
Light Lias [Rhffitic] shale, plastic clay -
Tea-green marls (not penet.rated) 

Ft. in. 
- 0 9 

2 3 
- 10 0 
- 17 0 

BORE ~ o. 2.-~\bout 80 yards X.X .E. of X o. 1. [Both Bore X o. 1 and K o. 2 
are about 70 yards from the ~Iere Road.] Water at 23 feet. 

Soil 
Yellow clay -
Light Lias shale or Rhffitic 
Tea-green marls, Rhffitic 
Band of red clay -
Rhffitic [1] -

Fi. lll. 
- 0 9 
- 4 3 
- 22 0 
- 16 0 
- 4 0 
- 3 0 

BOl:E K o. 3.-264 yards south-east of K o. 4; 1,350 yards from No. 1 
1,760 yards from "rillo,\, Brook [Boring]. [N ear the old tramway ill 
the field between the two Limestone Pits.] 

Ft. lll. 

Soil - 0 9 
Red and yellow marls mixed - 9 9 

, Yellow marl with small limestone :. 1 9 
Blue Lias shale - 3 0 
Limestone in layers - 0 4 
Shale ill layers - 0 4 

~ Limestone in layer~ 0 3 
Shale in layers - - 0 3 

• .J Limestone in layers - 0 4 
i Shale in layers - 0 3 

~ j Limestone in layers - - - - - - - 0 5 
. ~ 1. Blue Lias shale with irregular layers of limestone - 40 0 

BORE ~o. 4.-165 yards south-east of No.5. [Near the summit of thl' 
hill in the same field as the old Limekilns.] 

Ft. lll. 

Soil - 0 9 
Yellow clay - - 11 0 
Light (Lias) shale - 23 0 
Dark blue Lias shale 5 0 

At 42 feet there was a strong rush of air (or gas), which continued for 
three days when the top of the bore was closed. 

BORE No. 5.-560 yards south-east [1 840 yards due east] of Lodge Farm· 
[In the same field as the last, and 260 yards north of the Limekilns.] 
Water at 15 feet. 

Ft. lll. 

Soil - 0 9 
Yellow mad - 15 0 
Dark (plastic) Lias clay, with scattered crystals of fibrous 

gypsum and selenite - 10 0 

* The positions of the boreholes as marked on a plan of the estate are 
given in square brackets. 
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Fl(;. 15. -Plan of .North Evington, Leicester. Showing position of bore
holes of the Evington Coal Boring Company. 
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BORE.-Lodge Farm, 460 yards south-east of :\To. 2. 

Ft. 111. 

Soil 0 9 
Yellow clay - - 4 3 
Light grey clay - - 14 9 
Red (light) clay - 15 6 
Red marl with thin Yeins, yertical and horizontal, of gyp-

sum; thin bands of gypsum and nodules of gypsum - 23 6 

CROWK HILLS (Quarry No. 

Shale* -
Limestone 
Shale* -
Limestone 
Shale * -
Limestone 
:::lhalc * -
Limestone 
:::lhale 
Limestone 
Shale * -
Limestone 
Shale -
Limestone 

Total depth -

From "\Ir. Plant's ..\ISS. 
1). 

Ft. lll. 
- 5 0 

0 9 
2 0 

- 0 6 
1 0 

- 0 5 
1 ;3 

- 4 7 
0 0 

- 0 6 
1 6 
0 6 
1 6 
0 5 

- 19 11 

CROWN HILLS (Quarry No.2.) Section of Pit near the RilnB. 
from Mr. Plant's MSS. 

Ft. 111. 
Shale - - 3 7 
Limestone - 0 3 
Shale - 0 6 
Limestone 0 5 
Shale - - 0 8 
Limestone - 0 3 
Shale 0 6 
Limestone 0 4 
Shale - 1 0 
Limestone - 0 4 
Shale - 0 8 
Limestone - 0 6 
Shale - 1 9 
Limestone - 0 3 
Shale - 1 0 
Limestone 1 0 

Total depth - 13 0 

Leicester. 
The following are taken from the Reports of the British Association 

on the circulation of underground waters, with the omission of SOlIle of tlle 
correlations which are incorrect. The additions in italics are from 1\1r. 
Plant's MSS. ; those in square brackets are our explanation of the state
ments :-

* These are callen " Drift" ill the original. 
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~IESSR'" FIELDIX(~ AXD CO. [? BOXD STREET, 201 feet above a.D.] 

B. A. Report, 1875, p. 134. 
Well, 8 feet di,tmeter. No borehole. 
Water stands at 35 feet, reduced by pumping to 10 feet. 

Soil 2 
Clay and sand and sharp sandy gravel [,'alley depositl
Red marl 

n. lll. 

o 
o 
o 

o to 6 
-10 

30 
Red and grey marl [with skerry and some] beds of sand-

stone, alternating and full of ripple marks - 29 o 

Total depth - 75 0 

75 

MESSRS. FIELDING AND Co., BOND STREET, 2l-± [201 1] feet above O.D. 

Suil 

B. A. Report, 1889, p. 74. 
Well, 50 feet.. Boring, 00 feet. Sunk July, 1334. 
Water stands 20 feet from the top. 

l3oulder-cla~' l valley deposit] 
~Iar1 with two gypsum beds 
Shalrs with gypsum [marls and skerr~'] 
Sandstone 
Shales [marls and shrry] 

I 
14 
35 

- 16 
- 14 

11 

Yt. Ill. 

o 
o 
o 
o 
o 
o 

Red marl with four gypsum beds [and some] white sand-
stone - 40 o 

Tot,cd depth -131 0 

.\IESSRS. HODGES AND SONS (1 LOWER BROWN STREET, 200 feet above 
O.D.], 206 feet above O.D. 

B. A. Report, 1875, p. 134. 
Well, 90 feet, 9 feet diameter. 
Water stands at 50 feet. 

Drift [yalley deposit] 
Hed !\larl 
Sandstone [I] 

Total depth 

Ft. Ill. 

10 0 
35 0 

- 45 0 

- 90 0 

MESSRS. PICKARD AND SONS [1 OXFORD STREET, about 200 feet above O.D.J 
206 feet above O.D. 

n. A. Report, 1875, p. 135. 
Well, 75 feet, 8 feet diameter. 
Water stands at 30 feet. 

LJrift [,,~lIey deposit] -
Red llIarl 
Sandstone [? marl and skerry J 

Total depth -

Ft. 
15 
25 
35 

75 

m. 
0 
0 
0 

0 
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MESSRS. EVERARD x~m CO., SOUTHG~~TE STREET BREWERY, 203 feet 
above O.D. 

B. A. R-eport, 1875, p. 135. 
Well, 50 feet, 7 feet diameter. 
Water stands at 15 to 20 feet. 

Clay, etc. [made ground] ~ 
Sandstone [1 marl and skerry sandstonel -

Total depth 

Ft. in. Ft. in. 
30 0 20 0 
20 0 30 0 

50 0 

MESSRS. RUST AND Co. [St. ~ICHOLAS' SQUARE, 200 to 205 feet above O.D. 
B. A. Reports, 1875, p. 135. 
Weli, 80 feet. 
Water stands at 40 feet. 

SCOI il d d I - } [mostly made groundl{ ay, san ,an grave -
Alternate bands of sandstone and red clay -

Total depth -

Ft. in. 
- 10 0 

30 0 
- 40 0 

- 80 0 

~1ESSRS. BATES AND SONS' BREWERY, UPPER CHARNWOOD STREET 
203 feet above O.D." 

B. A. Reports, 1878, p. 387. 
Well, 62 feet [1], 6 feet diameter. 
Water stands at 30 feet. 

Drift 
Marl 

Total depth -

Ft. in. 
8 0 

- 52 0 

- 60 0 

MESSRS. GIMSON AND CO. [VULCAN STREET, above 19.", feet above O.D.], 
212 feet above O.D. 

B. A. Reports, 1878, p. 387. 
Well, 64 feet, 6 feet diameter. 
Water stands at 30 feet. 

Drift [1] 
Marl 

Total depth -

Ft. in. 
- 6 0 
- 58 0 

- 64 0 

~lE8"RS. 'V. GunsoN .AND SONS, CHURCH GATE, Near St. Margaret's 
Church, 183 feet above O.D. 

B. A. Reports, 1878, p. 388. 
Well, 70 feet from street level, 8t feet diameter. 
Water stands at 55 feet. 

Gravel, sand, and clay 
Marls 
Hard blue rock stone 

Total depth -

Ft. in. 
- 10 0 
- 25 0 

35 0 

70 0 

" The lower part of this section is given on p. 69, under the beading 1, 
Charnwood :::;treet. 
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MESSRS. COOPER, CORAH AND SONS, ST. :\fARGARET'S WORKS [CANNING 
STREET, about 174 feet above O.D.]. Sunk in 1876. 

B. A. Reports, 1880, pp. 105, 100. 
Well, 26 feet j diameter, 3 feet 6 inches. Bore, 58 feet; diameter, 

4 inches. 
Water stands at 72 feet, 6 feet below neighbouring canal. 

Ft. Ill. 

Gravel and soil -
Marl 
Layers of hard and soft sandstone 
(Running sand at the bottom.) 

- 10 0 
- 48 0 
- 26 0 

Total depth - 840 

)fESSRS. SCOTT AND SONS, BAY STREET MILLS [17. feet above O.D.]. Sunk 
in 1860. 

B .. \. Reports, 1880, p. lOG. 
Wi'll, 45 feet; diameter, 4 feet. Bore, 25 feet; diameter, 4 inches 
Water stands 15 feet from the surface, about 8 feet below canal. 

Clay and gravel 
.Marl 
S,mdstone [probably marl and skerry] 

'1'otal depth 

Ft. in. 
- 12 0 
- 36 0 
- 22 0 

- 70 0 

)fESSRS. JESSOP AND 00., FRIDAY STREET [177 feet above O.D.]. Sunk in 
1876. 

B. A. Reports, 1880, p. 106. 
Well, 33 feet; 4 feet diameter. Bore, 37 feet; 4 inches diameter. 
Water stands at 50 feet. 

Ft. Ill. 

Clay and gra yel - 12 0 
Marl - 38 0 
Sandstone [1] - 20 0 

Total depth - 70 0 

MESSRS. DAVIS AND Co., LONDON ROAD, 220 [209] feet above O.D. 
B. A. Reports, 1889, p. 75. 
Well, 70 feet; 6 feet diameter. Bore, 80 feet; 6 inches diameter. 
Water stands at 20 feet. 

Drift [1] 
)Iarl with gypsum beds 
Sandstone and shales -

Ft. Ill. 

- 20 0 
- 25 0 
- 45 0 

Hed lllarl with gypsum beds, and thin beds of sandstone - 60 0 

Total depth - -150 0 
)IESSRS. RAVEN AND CO., WHARF STREET, 186 feet above O.D. 

B. A. Reports, 1889, p. 75. 
Bore, 120 feet, 7 inches diameter; 84 feet, 6 inches diameter. 
Water stands 20 feet from the surface. 

Drift. * Below the level of Wharf Street -
)[arls. .Varl, 10 feet; chocolate marl, ]5 feet -
Sandstone A. White sandstone, 59 feet -

.. Ft. Ill . 

8 0 
- 25 0 
- 30 0 

* The" Drift" is probably hypothetical. The boring appears to have 
commenced in the basement at a depth of 8 feet below the street. Mr. 
Plant's )IS. notes, which are given in italics, differ considerably from 
the correlation published. . . 
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~IESSR". IL~ VEX AXD CO.---cont. 

Middle sandstone B.
Lower shaly sandstone C. -

Ft. m. 
- 20 0 

22 0 
Red marl with gypsum bands. Jlarly beds with gypsum, 

'79 feet - 69 0 

Red marl with bands of shaly sandstone. Red marl with 
bands of sandstone, 3J feet - 30 0 

Total depth 204 0 

The following sections numbered 1 to 13 are from Mr. Plant's MSS. 

(1) BAY STREET WHARF (boring). 

Soil and red clay -
Soft silicious ,v"hite sandstone * -

(of same character as thick bed at CHtting) 
Red clay 

Ft. 
17 
2 

10 

in. 
0 
0 

0 

Total depth 29 0 

(2) .MIDLAND RAILWAY (Excavation at the Station). 

Drift clay and gravel -
Hard green drab arenaceous clay, extends all over 

excavation as a floor 

Ft. in. 
- 20 0 

the 
- 3 0 

Total depth 23 0 

(3) HINCKLEY ROAD, .JUNCTION WITH NARBOROUGH ROAD. 

Keuper sandstone thins out, and is succeeded by a bloo(l-r~d 
chocolate sandy clay. 

Depth of grey siLndy shales exposed, 10 feet. 

(4) NEWFOUNDPOOL (boring).-Keuper, 1,000 feet. 

(5) HUlIIBERBTONE (well). 

1. Soil, sand with rolled Oolite pebbles 
2. Drift composed of Lias, Oolite with Belemnites, and 

Ft. m. 
2 0 

blue shale with pyrites, blocks scored and grooved - 66 0 
3. Fine (grey pink) sands, appears to crop out in valley - 9 0 

(6) .i\[oWMACRE HILL (boring). 
Feet. 

Drift clay -..-
Gravel and sand with Oolitic boulders ~} 120 

(7) EnNuToN FIELDS Deep Sewer (Eastern).-St. Stephen's Road or 
~lelbourne Road [I]. Depth 20 to 30 feet, ~tifr Boulder-clay with 
ermtics. 

*Cut through at Bowman's Well. Frog Island. 
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(8) RUST'S FACTORY, HOLY BONES (sinking). * 

Thickness. Depth 

Ft. In. Ft. in. 
Made soil and black earth l mostly made (- 10 0 10 0 
Alluvial clays, etc. - - J ground \ - 35 0 45 0 
Keuper sandy shales 3 0 48 0 
Chocolate marls 3 0 51 0 
Green marls 1 0 52 0 
Chocolate marls 3 0 55 0 
Alternate layers of sandy shales and green 

marls 20 0 75 0 
Red clay 1 0 76 0 

(9) .JARROM'S 'VELL, FREEHOLD LANE, STONEYG_~TE. 

Thickness. Depth. 

Ft. 
Alluvium [?] 3 
Lias shales and limestone - 96 
Keuper marls 6 

(10) BOND STREET.-Sewer in Clay and sand 14 feet. 

(11) NEWARKE.-Sandstone reached. 

m. Ft. Ill. 

0 3 0 
0 99 0 
0 105 0 

(12) NEWARKE STREET, INTO NEWARKE.--Thin bed of sandstone. 

(13) CAUSEWAY LANE (Well). 
Alluvium [?]. 
Marls. 
Sandstone. 

The following, numbered 1 to 30, are taken from notes mr,de on a mal' 
of Leicester by Mr. Plant:-
(1) GREY FRIARS. 

Soil 
Coarse gravel 
Sand 
Gravel -
Red-clay 

(2) GREY FRTARf;.--Angular erratics at 20 feet. 

Ft. m. 
2 0 
4 0 
2 0 

- 4 0 
- 2 0 

Total depth l4 0 

(3) WHARF STREET.-Red and yellow sand from Russell Square to top of 
Wharf Street. Red marl and dark sand opposite Wharf Street, at 
top of Rutland Street. Thin chty underlies the ~and. 

(4) GRANBY STREET AND RUTLAND STREET.-Elephant's teeth in Drift 
with large ermticR. 

" ~fay be the same as that given on p. 76: 
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(5) GRANBY STREET AND HOR":EFAIR STREET.-Red sand at 4 f t, 12 
feet thick. 

(6) CLOCK TowER.-Red sand at 6 feet. 

(7) BOND STREET.-Blue stiff clay mottled red. 

(S) CHURCH GATE (~orth end).-Blue stiff clay mottled red. 

(9) BAY STREET.-Keuper shales at 6 feet. 

(10) LOWER BROWN STREET.-Keuper shales at 55 feet. 

(11) OLD GAS WORKs.-Drift sand, red. Shales of Keuper at 55 feet 
below 5 feet red marl. 

(12) UPPER TICHBORNE STREET A"'D ST. STEPHEN"; ROAD.-Erratic 
blocks. Sandy clay. Blue sandy mottled clay, rolled boulders and 
blue·grey partings. 

(13) LEADENHALL STREET.-Earth and soil 2 feet. Blue coarse gravel and 
sharp red gravel with flints down to 12 feet. 

(14) CK\fETERY.-Stitfred clay with boulders up to two tons. Flints, etc. 
Gypsum bed at 10 feet. 

(15) CATTLE }L~RKET.-Stiff red clay. Boulders, granite, one to three 
tons. Gypsum at 12 feet. 

(16) DANE HILLS.-":Hiddle bed of Keuper at surface. 

(17) ST. NICHOLAS STREET.-&u i 2 feet. Grey clay, chocolate clay. 
Lower shales of Keuper. 

(IS) LUNATIC ASYLUM, field north of. Sand at 4 feet, 10 feet thick. 

(19) RAWSON STREET.-Soill foot. Fine red sand 11 feet. At bottom 
many erratics, not Leicestershire. 

(20) REl'ENT'S ROAD, end of Salisbury Road. Soil 1 foot. Stiff blue 
mottled clay 6 feet, rolled erratics, flints, etc. 

(21) VICTORIA ROAD.-Soil 1 foot. Stiff mottled blue and red clay with 
patches of gand. Boulders in prl9fusion. Sand 35 yards wide, 10 
feet deep. 

(22) VICTORIA ROAD AND LANCASTER STREET.-Thick bed of sandstone 
S feet below the road. 

(23) VICTORIA ROAD, field south of road, opposite corner of cemetery.-SoiI2 
feet. Stiff red mottled clay. Flints numerous. Erratics. Block of 
granite (10 tons) at 12 feet. 

(24) VICTORIA PARK.-Soil 2 feet. Clay mottled with sand to 30 feet. 

(25) MARKET PLACE.-Angularerratics at 20 feet. 

(26) ABBEY PARK ROAD (South end.)-Gravel with tusk of Mammoth, at base 
resting on red clay. 

('2;) ABBEY PARK ROAD, a little north of the south end.-Rhinoceros teeth' 
Succinea, Lymnea, etc. 

(2S) WELFORD ROAD, Opposite the Cemetery.-Boulder.clay 14 feet, with 
worn Lias limestone. Sand and blue clay with large and small pebbles 
much rounded and scratched. 

(29) HUMBERi:lTONE GATE, Secular Hall.-Bed of red sand, 

(30) ST. STEPHEN'S ROAD.-Drift 30 feet. 
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The following sections numbered 1 to:!U are taken from ~lr. 
Montagu Browne's very detailed account of " The Geology of the Borough 
of Leicester."* In this account there are between 200 and 300 sections; 
from these we haye selected those which haye a bE'aring on the mapping, 
or illustrate special points in the geology of the country. Some of these in 
particular districts \\'e ha ve summarised, instead of gi,-ing each individual 
section :-

(1) HINCKLEY ROAD, 45 YARDS 'YEST OF FOSSE ROAD. 
Ft. m . 

.Macadam and grayel - 1 8 
Grey shale and sandsto:le - 2 5 
Whhe sandstone - 1 0 
Grey marl, hard - 4 6 
White sandstone, Ye;-~- lure! (indef.) - 1 5 

Total depth - - 11 0 

(2) .J U~CTIO~ OF HI~CKLEY HOAD _·I.:~D FO,;~E ROAD. 

Ft. Ill. 

~I'leadam 0 3 
Grey shale, soft 2 2 
White sandstone 1 0 
Skerry 4 1 
White sandstone - 0 7 
Skerry 4 6 
Red marl (indef.l - 3 11 

Total depth - - 16 6 

(3) }IIDDLE OF "-E~T i-lTI:EET, llIL\U~:-;TO:';E ChTE. 
Ft. In. 

Filling - 5 1 
Black clay - 1 5 
Sandy gra'-el 4 10 
Sand 3 11 
Gravel (indef. ) 0 O! 

Total depth 15 3! 

(4) BRITON STREET, HALF-'YAY BETWEEN ::-'L\RBOROUGH ROAD .\~D RIVER 
[About 550 yards south-east of No.2.] 

Roft grey marl 
lIard grey marl -
Soft grey marl 
Red marl (inder) -

Total depth -

(5) ON BOULEVARD, ~KU{ MILL LA~E \'-lLleI'. 

[Average of three sections.] 

Filling 
Blue clay 
Gravel a;ld sand -

Ft. 
5 
2 

- 4 

Ft. m. 
2 0 
6 0 
2 0 
5 6 

. 15 6 

in. Ft. in. 
10 to 7 11 
o ,,6 4 
8 ,,7 9 

* Trans. LeicesteJ' Lit. Pk'l. Soc. 1893, p. 123 et seq. Since this memoir 
has been in the J>ress Mr. Browne has published several sections on the 
Beaumont Leys Estate. Ibid. 1902, p. 7 et. seq. 

M70. G. 
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(6) JUNCTION OF ~IILL LANE AXD BRUDENEL STREET. 

Made ground 
Loamy gravel 
Brown clay -
Sand and gravel -
Red marl 

Total depth -

(7) HAVELOCK STREET. 

~fade ground 
Dark clay and soil 
Yellow clay 
Sandy gre,yel 

[Average of four sections.] 

Total depth of superficial beds- -

:Ft. 
2 
2 
1 
2 

11 

in. 

Ft. in. 
- 3 11 

3 0 
- 0 6 
- 5 10 
- 2 9 

- 16 0 

Ft. in. 
1 to 4 0 
5 

" 
4 2 

o " 2 8 

7 " 5 1 

6 to 13 0 

(8) JUNCTIOX OF ASYLUM STREET AND RrCH)IOND STREET. 

Filling 
Skerry 
Sandstone 
Skerry 
Sandstone 
Skerry 

Total depth 

Ft. 
-10 

1 
- 2 

1 
1 

- 3 

- 18 

lll. 

0 
0 
0 
0 
0 
0 

0 

(9) CASTLE YARD, OPPOSITE CENTRE OF ST. )fARY's CHURCH. 

Filling -
Soil, bones, etc. -
Gravel, sand, and clay -
Red marl 

Total depth -

(10) THE ~EWARKE TO THE END OF GRANGE LANE. 

[Average of four sections.] 

Filling -
Loam, sand, and gravel -

Total depth of superficial beds -

Ft. Ill. 
- 7 0 

3 0 
6 0 

- 15 0 

- 31 0 

Ft. in. Ft. in. 
- 4 Oto 6 0 
-20,,40 

70tolOO 

(11) L'<FIRMARY SQUARE AND ALONG LANCASTER STREET TO THE RAILWAY. 

Several sections only showing filling over red marl. 

(12) AYLESTONE ROAD, OPPOSITE END OF KNIGHTOX STREET. 

Filling -
Clay with stones -
Sand 

Total depth 

-
-
-

-

Ft. In. 

2 9 
2 0 
2 3 

7 0 



LEICESTER. 

13) CASTLE STREET, }fESSRS. EVERARD A.'W CO.'S BREWERY. 

Well sunk in 1886, 45 feet from the one gi,en on p. 76. 

Cellar below roadway -
Pump pit, stated to' be excavated in " the ordinary town 

filling" - - - , - , - - - -
Red marls -
Indurated red marls -
Re,1 ma~ls ,~nd gre~' marls in layers, with harder 

skernes , 
In,dura t~d grey. m~~ls and sandstone with grey marly part-

mgs ( skernes ) -
Grey marl -
Red marl ' 
Red and gre,l' Illuls and" skerries .. and a little gypsum -
Red and gre,l' marls with g,I'PSUlll, apparently in consider-

able quantity 
Reddish chocolate and grey, sandy, much indurated marls, 

Irith stainings of manganese -

Ft. Ill. 

10 0 

11 0 
10 0 
29 0 

5 

9 
3 

14 
13 

42 

o 

o 
o 
o 
o 

o 

4 0 

Total depth - 150 0 

(1.1) BOTTRELL'S lARD, SOUTHG.I.TE STREET. 

Black soil and rarious filling 
Roman wall (3 feet 6 inches in width) 
Red marl 

Total depth 

(15) ABBEY LANE. 

[Average of fiye sections,] 

Sand and gravel, "ith clay in places -
Red and grey marls below. 

Ft. lll. 

- 60 0 
- 9 0 

5 0 

74 0 

Ft. in. Ft. in, 
7 8 to 13 0 

83 

(16) EASTERN END OF S.iliVEY GATE, MESSRS. W. QIMSON AND 

(About 120 yards from the one given on page 76.] 
Supply of hard water very abundant, stands at 17 feet. 

SONS 

Filling 
Grayels 
Red and grey marls 

Total depth -

Ft. lll. 

- 5 0 
,20 0 

7 0 

- 32 0 

(17) NEAR THE NORTH-WEST CORNER OF SPINNEY HILL PARK 

Soil 
Drift clay 
Bluish cl~v 

Measured' by Messrs. Hodges and Bates. 

Shales. light-coloured 
Darker shales 
Still darker shales 
Bone bed 
Tea-green marls 

Total depth 

5470 

Ft. in. 
- 0 6 
- 3 0 
- 2 0 
- 2 4 

1 8 
1 10 

- 0 1 
- 0 10 

- 12 3 
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(Ii') MERE ROAD, I~ ~L~K-HOLE ABOUT 320 FEET XORTH OF END 
OF ST. PETER'S ROAD. 

Measured by Messrs. Bates and Hodges. 

Ft. lll. 
Soil and glacial drift, containing rolled pebbles, etc. - - 8 0 
Rubble or decomposed limestone, containing spines of 

Echinus and plates of Peniacrinus - - 2 0 
Band of fossiliferous limestone, containing J. mmonites 

Johnstoni - 0 4 
(Further S.S.E. this beel increa3es to 2 feet.) 

Shales - 3 10 
Nodular band "ith overlying ferruginous seam - 1 2 

Total depth - - 15 4 

(19) ~1ERE ROAD, 8 YARDS NORTH OF KERB OF ASHBOURNE STREET 

Ft. lll. 

fu= -09 
Clay (rainwC1;h), stiff, reddish, with a few pebbles - 0 6 
Yellowish-grey Rhretic clay, with impersistent rusty bands 

and small limy lumps [race] - - 3 0 
Rhretic limestone, large, nodular, m-oid and septariform, 

with calcite j reported as being" horse-backed "- 0 5 to 0 6 
Shales, reported as being of the same nature, but more 

" dicey" - 9 4 

Total depth - 14 0 

(20) )IERE ROAD, SmrMIT OF HILL OPPOSITE PARK GATES. 

Boulder-clay 
Rhretic " grey rock" -

Total depth -

Ft. in. 
- 9 6 

1 0 

10 6 

(21) DALE STREET, 89 YARDS FROM KERB IN )IERE ROAD. 

Ft. Ill, 

Lower Rhretic shales - 4 0 
Bone bed (indef.). 
Tea-green marls - 3 0 

Total depth 7 0 

(22) SOUTH KNIGHTON, UNIVERSITY ROAD, US FEET FROM KERB 
OF KNIGHTON CHURCH ROAD. 

Sandy drift [valley deposit] 
Yellow shales 
Dark shales 

Ft. in, 
- 6 6 
- 2 9 

2 0 
Light grey fissile limestone, containing minute Ammonites 

-A. III. planorbis - 0 3 

Total depth - II G 
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(23) SEWER IN FIELD SOUTH-WEST OF END m' KNIGHTON CHURCH 
ROAD, 145 YARDS "\YEST 07 CRO.'S HEDGE. 

Humus, rainwash 
Stiff yellowish clays or marls -
Lower Lias limestone, 3 to 4 inches 
Dar~ shales, not proyed. 

Total depth 

-

Ft. in. 
1 0 
4 0 
0 3 

5 3 

(24) AT CROSS HEDGE, 9::; FEET WEST OF THE PRECEDING SECTION. 

Humus, rainwash 
Stiff yellow clays or marls, showing b'1t littlE' hmination. 

and partlr or wholly reconstructed 
Rhretic shales, thickly hmimtd 

Total depth 

(25) K:KIGHTON CHURCH L.\.XF. I'f LINE WITH POND. 

Filling 
Rhretic dark grey shales 

Ft. m. 
1 2 

3 
4 

6 
4 

9 0 

}t. m. 
1 0 
3 0 
o 4 Rhretic nodular limestone, ::l to 4 i!1C'hes -

Rhretic bluish-black shale:; - 4 6 

Total depth - 8 10 

Sections just above this show the commencement and gradual thickening 
of the drift. 

(,26) AYLESTONE Ro.m, ABOUT ::;0 YARDS NORTH OF eAT'S LANE. 

Ft. m. 
_\lluvium, yery sandy, free from stones, apparently tinged 

with a little Keuper red marl - - 10 0 
Alluvium, nearly black, apparently composed of vegetable 

matter. Rolled and subangular large flints at base - 2 0 
Sandy, reconstructed, Keuper marls - 2 0 

Total depth - - 14 0 

(27) RICHMOND ROAD, AYLESTONE PARK, 50 YARDS FROM LANDS
DOWN ROAD. 

Filling 
Sands and gravel, with large blocks of Carboniferolls sa nd

stone, containing phnt,remaim 
Red marl 

Total depth 

Ft. m. 
1 3 

6 0 
1 3 

8 6 

(28) AYLESTONE ROAD GAS WORKS. [Trial hole about 200 yards 

from the rcmd.] 
Ft. m . 

. \[ade ground 
Humus _ _ 
Stiff cla~' (holllogenE'OllS, with no stones), changing in colonr 

froUl ~'ellow to grey - - - - -

4 0 
1 0 

j II 
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Ft. in 
Stiff dirty clay, with flints and pebbles - - 0 10 
Dirty gravel, with flints and pebbles - - 0 10 
Rusty red band - - 0 1 
Rather dark gravel, rather coarse and stony 1 0 
Rusty red band - - 0 1 
Greyish coarse gravel and sand, with quartz pebbles - 1 0 
Rusty red gravel - - 0 1 
Rather coarse gravel and sand, with quartz pebbles - - 0 10 
Fine sand and quartz pebbles - - 0 9 
Rusty red gravel and boulders, with a few broken pieces of 

Upper Keuper Sandstone, and antler of Reindeer - 0 1 
Upper Keuper grey and red marls. 

Total alluvial beds 11 7 

(29) FLOOD-WORKS BASIN, JUST NORTH OF THE VIADUCT oN THE 
BURTON RAILWAY. 

Ft. 1IL 

Humus 1 0 
Stiff dirty clay, with flints and pebbles - - 3 0 
Dirty gravel, with flints and pebbles - - 2 3 
Greyish coarse silicious sand and gravel - - 0 6 
Coarser gravel and sand with quartzites and other pebbles - 1 2 
Grey marls (" skerries "), cuboidal, and apparently shat-

tered 
Sandstone, with stains of vegetable matter -
Grey and red marls -

Total depth 

2 3 
1 3 

- 20 0 

- 31 .5 

[The engineer's assistant states that a bed of flagstone in the lower part 
was so hard that it had to be blasted.] 

The following sections numbered 1 to 20 are from information obtained 
during the making of sewers. 

00mmunicated by Mr. Norman Seorgie. 

(1) CHURCH GATE AND SANVEY GATE, NEAR THE CHURCH.-Sand and 
gravel, 11 feet. Red marl. 

(2) SANVEY GATE.-Made ground from 8 to 15 feet. Marl. 

(3) JUNCTION OF N ORTHGATES AND SANVEY GAT E.-Soil, etc., 9 feet. 
Gravel, 1 foot 6 inches. Marl. 

(4) JUNCTION OF NORTHGATE LANE AND NORTHGATEs.-Made ground, 
12 feet. Marl. 

(5) FRIARS ROAD (centre).-Made ground, 17 feet. Gravel. 

(6) N ORTHGATE STREET.-Made ground, 6 feet to 8 feet 6 inches. 

(7) CHARLOTTE STREET.-Made ground, 10 feet. Gravel. 

(8) ALEXANDER S'l'REET.-Made ground, 10 feet. Gravel 2 feet. Marl. 

(9) SARAH STREET, OPPOSITE RUDING STREET.-Made ground, 14 feet. 
Gravel. 

(10) BATH LANE, OPPOSITE ORTON STRl':ET.---Made ground, 16 feet. }farl. 
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(11) BATH LANE, 92 FEET SOUTH OF WELLES STREET. 

Made ground 
Concrete 
Made ground (not bottomed) 

Ft. in. 
- 6 0 

5 6 
- 9 6 
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(12) BATH LANE, OPPOSITE GONTY'S DYE WORKs.-Made ground, 18 
feet. .Marl. 

(13) FRIDAY STREET, CORNER OF \VATLING STREET.-:M:ade ground, 6 
feet 6 inches. Marl. 

(14) WATLING STREET.-Made ground, 6 feet. Marl. 

(15) ALL SAINTS' ROAD.-Made ground, 10 feet or more. 

(16) ABBEY GATE, OPPOSITE EMER.\.LD STREET. 

Made ground 
Gravel 
Marl 

(17) LITTLETON STREET. 

Soil, etc. 
Gravel 
MarL 

(18) WOOD· GATE.-Made ground, 8 feet. Marl. 

(19) FIRST FIELD SOUTH OF WOOD GATE. 

-
-
-

-

Ft. In. 

0 9 
11 3 
7 0 

19 0 

Ft. in. 
8 0 
1 6 

Soil 
Gravel-
Marl and blue shale -

Ft. 1Il. 

1 0 
- 4 feet to 10 0 

5 feet to 8 0 

(20) SECOND FIELD SOUTH OF WOOD GATE, NEAR THE 

Soil 
Gravel 
Blue shale 
Rock -

The following communicated by Mr. Smith. 

RAILWAY. 

Ft. in. 
1 0 

- 10 0 
- 3 6 

1 6 

BEAUMONT LEYS.-W ell 100 feet. Blue clay 97 feet into gravel. Plenty of 
water. 

BEAUlIlONT LEYs. FARM NEAREST ANSTEY AND FARM NEAREST GILROER 
HESERVOIR.~Blue clay 15 feet and 27 feet respectively. No water 
in either. 

~IOWMACRE COTTAGE.~Blue clay, yellow in upper part, 9 or 10 yards. Not 
much water. 
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Ingarsby. 

R.ULWAY STATIOX. 

Communicated by J. L. Pattison, 1582, per 1Ir. W. Whitaker. 

I h' T lckness. Depth. 

Ft. m. Ft. m. 
~Iade ground - , 3 0 3 0 

- I Blue clay and sandstone - 4 0 7 0 
Blue clay and stone - 12 0 19 0 
Sand and blue clay - 1 0 20 0 
Blue clay and limestone - 4 0 24 0 
Sand - 1 0 25 0 
Blue clay and stones - 69 0 94 0 
Hard blue Lias stone - 2 0 96 0 
Blue clay and stone - 13 0 109 0 
Chv stones and pebbles 6 0 115 0 

Stationmaster reports this is a well 50 feet and boring 50 feet. No water 
obtained. Have to use rain water. 

Billesdon Coplow. 
_\bstract of account of boring by J. Holdsworth, Phil. Mag.) Ser. III., 

Vol. III., p. 77*:-
!Ct. m. 

Strong slaty bind, containing about. 9 feet of excellent iron-
stone in beds from 3 inches to 10 inches thick - - 150 0 

Dun marl or bands of freestone, alternating in layers from 
1 inch to 3 inches thick - - 30 0 

Grey rock - 27 0 
Hard grey or freestone bands, divided by thin bands of 

light blue and black shale, with two thin veins of coalt - 120 0 
Hard bastard dun, much impregnated with coal.,- matter - 42 0 
Very hard striped rock - 2 6 
Red dun, or, rather, shale - 9 0 
Rock beautifully striped with black, white, brown, and 

dun - 21 0 
Brown dun 18 0 
Strong black shale, occasionally finely striped with white -

[1 Total depth - 419 6) 

Billesdon. 

NEAR THE BROOK, BELOW FRISBY (boring). 

Sunk and communicated by Messrs. Thomson Bros. Sunk in 1897. 

* There is a criticism of this account by Conybeare, Phil. Mag., Ser. IlL, 
Vol. IIL, p. 112, and a counter reply 'by Holdsworth, Mag. Nat. Hist., 
V 01. VII., p. 42. 

t The coal was obtained from washings of the material brought up, and 
i3 prob'l. bly fossil wood or jet from the Lias. 



Surface soil -
Clay and stones 
Lias (weathered) -

LEICE~'TERSHIRE. 

Lias (firm) [Am. Bonnardi at 240 feet.] 
Lias with thin limestone beds -
Lias, dark (no lime) -
White limey sandstone [Effenesces strongly] 
Light fireclay 
Dark and broken fakeJ [3~llL' smJ;t(l:l2] -
Brown dun [clav] . 
Dark fakes and 'blaes [shale] 
Dark shaly blaes [with Avicula contorta?] 
Blue marl -
Marly sandstone with thin gypsum beds -

89 

I 
Thickness. I Depth. 

Ft. lll. 

3 0 
16 0 

125 0 
348 0 
114 0 

33 0 
9 0 
3 0 

10 0 
12 0 
38 0 

5 0 
15 0 

238 0 

Ft. in. 
3 0 

19 0 
144 0 
492 0 
606 0 
639 0 
648 0 
651 0 
661 0 
673 0 
711 0 
716 0 
731 0 
969 0 

The following six sections are communicated by Mr. Preston, Wellsinker. 

Asfordby. 
(1) VILLAGE.-Blue dicey clay, 30 feet. 

(2) HOLWELL IROC\"WORKS.-35 yards, all clay. 

(3) RAILWAY STATIO~.-Gravel 5 feet. 

Kirby Bellars. 
(J) THE HALL.-Clay 9 yards, then sand. 

Syston. 
(~I) RAILWAY PUl\IPI~U STATION.-Sand and gravel 6 yards; clay 4 yards. 

Rearsby. 
(G) YILL.ulE.-Shallow wells in sand. 

Seagrave. 
LODGE FARM. 

Information from Wellsinker. Feet. 
Chalky Boulder-clay, rather darker, with less chalk 

towards the bottom - 46 
Band of limestone 4 inches thick at- 102 

" 7 105 
" " 9" 108 

Nodular band, with water, at 114 
Total depth of well, 40 vards. 

Wells in the Yillage are reported to have from 12 to 15 feet of chalky (?) 
Boulder-clay, with seven or eight floors of limestone below. Total depth, 
about ~o yards. 

The following six sections cOllllllunicated by Pick and 'Yells, Well sinkers. 

Queniborough. 
(1) THE l'Ol'l'Il'E.-:\larl fr<:l~ of stolle::;. 
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Barkby. 
(2.) EAST t:\IDE.-Heavy soil, no springs, badly off for water. 

(3.)WEST SlDE.-Lighter soil. 

(4.) BARKBY THORPE.-Sand 3 yards; plenty of water. 

(5.) NEw YORK FARM.-Black shale, 52 yards. 

Beeby. 
(6.) NEAR BEEBY HOusE.-Black shale. 

Beeby. 
MIDLAND BREWERY COMPANY. 

Sunk and communicated by Messrs. Isler and Co. 

Thickness. 

Ft. 
Dug well - 27 
Blue Lias with stone 91 
Rock and blue Lias - 5 
Blue Lias 17 
Hard rock - 2 
Blue Lias - 33 
Rock - 4 
Black shale 8 
Red marl - 5 
Red marl with gypsum 6 
Red marl - 5 
Red marl and shale - 5 
Red and blue marl - 50 
Rock - 4 
Rock and red marl - 3 
Hard rock - 2 
Red and blue marl - 3 
Red marl and rock - 15 
Hard red marl - 6 
Hard rock - I 
Hard red marl - 16 
[Omitted) - 66 
Hard rock - 2 
Hard red marl - 15 

Hoby. 
Communicated by Mr. Shelton, Wellsinker. 

Wells in the village generally. 
~oil and loamy mixture, 4 feet. 
;-;anu and sharp gravel, 9 feet or more. 
Blue stone, solid. 
Yellow clay. 

Ill. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
6 
0 

10 

Some wells in clay and gravel. In red clay at Hill House. 

Depth. 

Ft. In. 

118 0 
123 0 
140 0 
142 0 
175 0 
179 0 
187 0 
192 0 
198 0 
203 0 
208 0 
258 0 
262 0 
265 0 
267 0 
270 0 
285 0 
291 0 
292 0 
308 6 

375 0 
390 10 
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Frisby on the Wreak. 

Communicated by )1r. Shelton. 

PUBLIC HOUtlE.-AlI quicksand. 

The following three sections communicated by Mr. Smith, Wellsinker. 

Swithland. 

WOOD FARM (on west side of wood).-Red marl 36 feet on to slate. 

Groby. 

NEAR THE SCHOOL.-36 to 50 feet into sand. Plenty of water. 

Glenfield. 
LAND SOCIETY.-Deepest well about 60 feet. Blue and red clay 50 feet. 

sand below. 

Anstey. 

P APERMILL COMPANY. [N orth side of the village] 225 feet above O.D. 

B. A. Reports, 1875, p. 137. 
Shaft, 102 feet; diameter, 8 feet; bore, 85 feet; diameter 

3 inches. 
No water; bottom of bore in gypsum. 

Ft. m. 
Drift, stiff brown Boulder-clay with rounded pebbles [with 

lumps of black clay (shale) ahd pyrites] - - - - 70 0 
Red marl with layers of gypsum (6 inches to 12 inches) and 

white and blue clay (dicey). [Another account gives 
80 feet red marl and 10 feet skerry 1 - 117 0 

Total depth 187 0 

The boring ceased at a bed of gypsum so dry that a match could be 
ignited at the bottom. 

Ratcliffe. 
COLLEGE, Quadrangle of. Sunk in 1843. 312 feet above O.D. 

B.A. Reports, 1878, p. 387. 
Well 156 feet, diameter 6 feet. 
Water stands at 8 feet. 

[There is no detailed section given, but the nature of the rock is stated 
to be .. Lower Lias and Upper Keuper Marls and sandstone." This is 
erroneous, as shown by information obtained by the college authorities 
in 1893, and kindly communicated to UIi! per the Rev. J. Cappella. In 
this year the well was repaired, and samples of the strata taken at about 
every 11 feet. with the following result;-
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Clayey sand with small pebbles and specks of chalk at 
Clayey sand with small pebbles and specks or rather CO.lrser " 
Grey clay, probably dark when wet 
Gritty sand with clayey partings and small sb:l::', -
Grey (blue) clay with sandstone, chert, etc'. 
Grey (blue) clay with chalk, etc. 
Coarse sand with fragments, little :'.,:d . 
Red marl with a grey patch 
White quartzose sandstone 
Red marl streaked with grey -
Red sandy marl with grey specks 

" 

Feet. 
11 
33 
44 
55 
66 
77 
88 
99 

102 
no 
121 

From the above it will be seen that there is no Lias or Rhretic in this 
well, as stated in the Report, but that the strata passed through might 
be correlated according to the following summary. 

Ft. m. 
Boulder-clay wit.h a parting of sand, and pcs3ibl~- a bel 

of sand at the base - 88 0 
Red marl with a bed of sandstone, pro'nb!\- t h' ,nm' 

us that which crops out in the yillage . c::, 0 

Total depth 156 0 

}fr. G. Hodson states that this well, which was 139 feet deep, was COIl

tinued by boring to 241 feet; the Waterstones being reached at 220 feet. 

Glen Parva. 

~EW BARRACKS. About 300 feet above O.D. 

B.A. Reports, 1878, p. 387. 
Shaft 100 feet, diameter 6 feet; bore 150 feet, diameter 6 inches. 
Yer~- little water, hal'll ,,,hut there i8, and that is thought to be 

surfac(' drain 1ge. 

Drift -
Lower Lias with thin limestone 
Rhretic [mostly tea-green marl] . 
Chocolate marls 
Red marls, chocolate colour 

Blaby. 

Ft. lll. 

10 0 
. 40 0 
- 20 0 
. 30 0 
- 150 0 

250 0 

HOSPITAL ABOUT A :MILE S.E. OF THE VILLAGE. 

Communicated by Messrs. Simpson and Harvey. 

Two wells, the one at the top of the field about 90 feet deep, one at 
the sid2 ::\hont 33 feet rleep. 

Soil 
Brick clay 
ml1i,h clay 
.\ nin or l;oekd of sand at the 3:) f(,(,t (\Cptll. 

Ft. in. 
- 0 6 
-:!O 0 
- 70 O? 
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COlUltesthorpe. 
BORI~G AT THE COTTAGE HOhlE,~. 

COillmunicated by .JIessrs. Le Grand and Sutcliff. Sunk in June, 1892. 

Thickness. lJepth. 
----- -----------

Well [Drift 87 feet) 
Red marl 
Red marl and gypsum 
.JIarl and gypsum 
Sandstone -
Blue and red marl 
Slate and blue marl [skerry) 
Blue and red marl 
Red marl and gypsum -
Red marl 
Sandstone 
Red marl 
Sandstone 
Red marl rock 
Red marl rock 
Hard rock -
Red marl 
Rock -
Red marl 
Blue marl rock -
Red marl 
Red and blue marl and red sandstone -
Red marl 
Red sandstone 
Marl and blue sandstone 
Red marl 
Granite* 
Red marl 
Granite 

No supply of watel. 

Melton Mowbray. 

Ft. m. 
103 0 

28 0 
6 6 

41 6 
1 2 
9 10 
6 6 
3 6 

102 0 
43 6 

3 0 
8 6 
o 3 
4 3 

31 4 
o 6 

83 2 
o 6 

72 0 
2 6 

46 6 
2 6 
4 0 

10 0 
8 0 
4 3 
2 9 
3 6 
4 8 

Ft. lll. 

131 0 
137 6 
179 0 
180 2 
190 0 
196 6 
200 0 
302 0 
345 6 
348 6 
357 0 
357 3 
361 6 
392 10 
393 4 
476 6 
477 0 
549 0 
551 6 
598 0 
600 6 
604 6 
614 6 
622 6 
626 9 
629 6 
633 0 
637 8 

Boring for t(!)wn supply about 200 yards west of G.N.R. and L.N.W.R. 
joint station. About 260 feet above o.D.t 

Loam and gravel 
Boulder-clay 0) -
Lower Lias 
Rhretic (dark shaly cby and stone) -

Ft. in. 
14 0 
24 0 

- 230 8 
16 4 

Keuper Marl (Red and grey marls with bands of gypsum 
and bands of grey sandstone in the lower part) - - 247 10 

532 10 

Water rises to 120 feet below the surface, from the gypsum beds as well 
as the sandstone. 

* This is probably a similar rock to that described on p. 116. 

t Details of this section are given in the Survcy Memoir dC'3criptive 
of Sheet 70. "The Geologyof the South-west Part of·Lincolnshire," p. 147. 
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Saxby. 
Trustees of the late E'trl of Dysart. Situated near the river, and half-way 

between north and south of enclosure X o. 89, or 2,500 Plan No. XX. 8 
of Leicestershire. 

Thickness. I Depth. 

Ft. lil. Ft. lil. 

Soil and blue clay 14 0 
Nodular limestone rock 2 6 16 6 
Blue cia? 31 0 47 6 
Rock - () 

"" 0 49 6 
Blue da\ 76 0 125 6 
Rock (sl~all supply of ~yatE'r from this rock) 7 6 133 0 
Clay 92 0 225 0 
Ro~k (water fouml II ere) 4 6 229 6 
Clay and soft rock 2 0 231 6 
Rock - 8 6 240 0 
Clay 36 6 276 6 
Rock (a little more \vater found in this rock) 5 0 281 6 
Clay ]6 6 298 0 
Rock 4 0 302 0 
Clar '7 6 309 6 

Oakham. 
One mile west of the town. About 350 feet above O.D. 

B.A. Reports, 1879, p. 16L 
Sunk about five years before, and deepened several times. 
Shaft 80 feet. Diameter 7 feet. No driftways. 

Water stands at about 40 feet level, not perceptibly reduced. 
Yery sweet and pleasant 11"ater, used solely for brewing. 

Drift 
Upper Lias clay 
~Iarlstone rock 

" 
sands -

Ft. in. 
4 0 

- 30 0 
- 18 0 
- 28 0 

so 0 



LIST OF FOSSILS. 95 

APPENDIX II. 

CATALOGUE OF FO~SILS 

RECORDED FRO)r THE 

TWAS, RH.-ETIC AXD LIAS FOR:\UTIOXS UF LEICESTERSHIRE 
AND RUTLAND, OR JUST BEYOND THE BORDERS OF THOSE 

corNTIES. 

This Catalogue of the Trias, RhiEtic, and Lias Fossils of 
Leicestershire and the immediate neighbourhood has been com
piled from the works of the different authors ennmerated in the 
list given below. 

The narrow columns give the horizon at which the species has 
been recorded, the several observations being lloted by an initial. 
When the reference is not sufficiently explicit to determine at 
what particular zone the species occurs, the observation is entered 
in one of three columns denoting the general divisions of the 
Lias. 

The names of species are printed in three forms of type: those 
now recognized being in Clarendon characters, the synonyms of 
these in italics; while the uncertain and doubtfully determined 
forms, as well as the MS. names of species which have not as yet 
been figured or described, are placed in SMALL CAPITALS. 

Reference 
Initial. 

A. 

B. 

Ba. 

Bm. 
J. 

Jm. 
H. 

Bu. 

L. 
lIT. 
N. 

P. 

PI. 

Q. 

s. 

w. 

Woo 
}. 

Author or Museum. 

D. 1'. Ansted. 

Montagu Browne. 

E. F. Bates and L. Hodges. 

British Museum. 
J. W. JUdd. 

Jermyn Street Museum. 
W. H. Hudleston and E. Wilson. 

W. J. Harrison. 

Leicester l[useum. 
.T .. Morris. 
A. J. Jukes·Browne, and others. 

J. D. Paul. 

James Plant. 

H. E. Quilter. 

Geological Survey. 

E. WilSall and II. E. Quilter. 

E. Wilson. 

E. W!lson and W. D. Crick. 

A. S. Woodwar.i an,l C. D. Sherborn 
Variom au~bol'R. 

-------
Works referred to. 

Physical Geography and Geology of the 
County of Leicester, 1866. 

The Vertebrates of Lelcestershire, 1889. 
Leicester Lit. Phil. Soc. for 1893, p. 123. 
Brit. Assoc. Rep. for 1895. 

Rhfetics at Spinney Hills, Leicester Lit. 
Phil. Soc. for 1886, p. 22. 

Geology of Rutland. Geological Survey 
~remoir, 1875. 

Catalogue of British Jurassic Gasteropod" 
1892. 

Quart. Journ. Geol. Soc., vol. xxxii., p. 212, 
1876. Geology of Leicestershire and 
Rutland, 187i. 

Catalogue of British Fossils, 1854. 
Geology of South· west part of Linooinshlre, 

with parts of Leicestershire and Not· 
tinghamshire (Explanation ot Sheet 70). 
Geol. Survey Memoir, 1885. 

Section on the Gt. Northern Railway near 
Thnrnby. Leicester Lit. Phil. Soc., 1883, 
p.50. 

Leicester Lit. Phil. Soc. for 1875, P. 43. 
Quart. Jonrn. Geol. ~oc. 1851., p. 369-

Leicester Lit. Phil. Soc. for 1883. p. 
51, and IS8!, p. 8U. The Lo"er Lias of 
Leicestershire, Geol. Mag., dec. iiL, vol. 
iii., p. 59, 1886. 

Collected and determined by the omcera 
of the Survey. 

The Rhrotic Section at Wigston. Geol. 
Mag., dec- iii.. vol. i., p. 415, 188~. 

British Liassic Gasterapod... Geol. Mag .• 
dec. iii., vol. iv., p. 193, etc. 1887. 

The Lias ~l&rlstone of Tilton.Geol. Mag. 
dec. iii.. vol. vi., p. 2%, etc. 1889. The' 
List given by E. Wilson in Mid. Nat. 
1885, differs from this, but we tAke the 
later one 8S being the most correct. 

Catalo~ue of British Fossil V.rtebrat.,l~OO. 
Reference given in last colum1l. 
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------ - -,,---------------:---~--,---------, 

S P E c.I E:;t. 

INCERLE SEDIS. 

,Onychites 
sp. WIlson, Geol. 
Mag. 1889, pl.x., fig 6. 

PLANTA<:. 

ALG.E? PI 
EchinostachY8 

oblongus r Hrongn. PI 
En 

EquisetiteB 

Fo:lri. 'YOO~ 
FUCOIDS 
PLANT REMAINS 
Pterophyllum 

brevipenna? Heer 
Voltlia 

Bp. 

FORAlliNIFERA. 

CornuBpira 
infuiia, Strickland -

Cls~eliaria' 
De?t8.lina . 

Bp., . 
Frondicularia 
In:liutina . 

sp . 
LingUuna 

sp . . 
M&iginulina 

IIiITola' 
~p .. 

Nonosaria 
sp..· . 

Nonionina 

Or:Kim"a 
sp . . 

Planularia 
8D. 

Fwvinuliua 
e~.· . 

Ter:1ularia 
811· 

C<ELENTEMTA. 
(AC'rINOZOA.) 

~l\GONIA 
KEUPERI, Plant 

LepidophyUia 
ilebrldensis, Dune. 

][0 ,tlivaltia 
Guettardi, Blainv. 

PI 

L 

PI 
lln 

PI 

L 

B 

Lower. 

- - - - W 

- -1-

- N 
Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q - - - -

Q 

Q 

Q 

Q 

Q 

Q 

NQ- ____ _ 

L 

L 

L 

x -

_ - - - L 

LOC.l.LITIES 
AND 

REMARIS. 

Ttlton East) 
Norton). 

Leicester. 

Leicester. 

Leicester. 

- CrownHill 

- East Leake. 

Leicester. 
Cast of leaves 
in red marl 
(Harrison). 

H. B. Wood· 
ward, Jurassic 
Rock. 01 
Britain, Vol. 
iii. 

Old Dalby Tun· 
nel. Foramini· 
fera of these 
genera were 
obtained by 
E. Wilaon. 

- Probably Dot 
organic. 

Redmile. 

Bottelf'ord~ 
KIlby. 



S P E C I E S. 

Ha.imei,Chap.&Dew. 

mucrona.ta., Duuc.· 
pa.pilla.ta., Dunc .. 

rugosa., Wright 

Thecocya.thus 
sp. 

ECHINODERMATA. 
(ECHINOIDEA.) 

Cidaris 
Edwardsi, Wright 

spp •• 

Eodiadema 
gra.nulata. Wilson 

Hemipedina 
Tomesi, Wright 
(spines) • 

OPHIUROIDEA. 

Ophioderma 
l!ililleri, Phil. . • 

Ophiolepi.s 
DameSl, Wright 

Ramsayi? Wright 

CRINOIDEA. 

Extracrinus 
b r ita. n n i c us, 
Schloth.; Pentacri· 
nuS briareus, Miller 
tfiw:gularis, 

Pentacrinus 
ba.saltiformis, 
Miller 
briar.us, Miller v. 
Extracrinns britan· 
nicus. 

Imvis, Miller 

psilonoti, Quenst .. 

pttmtiferous, Quenst. 
v. P. sealaris. 
robustus, Wright 

scalarls, Goldf. ;' P. 
puncti/erous, Quenst. 

subangularis, Miller, 
v. Extracrinus. 
spp. 

5470, 

ECHINODER:\! ATA. 
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Balderton, Old 
Dalby. 

G a insborough. 
Duncan, Pal. 
Soc. 

Claypole,Dalby. 1_' _1_ -

- - i - - I - I - Tilton. 
. I 

Iii 

B 
L 
L 

, 

B -
L 

- lin -

Spinney Hill" 
Wigston. 

- Rarrow. 
Crown Hill. C. 
jiorigemma, 
recorded by 
Quilter In 
error? Omit· 
ted in list of 
1886. 

- Tilton. 

Thurnby. 
Barro,,", 

- Middle Goner. 
by. 

- Wigs ton. 
Spinney Hill •. 

- Disc and ray. 

- CrownHill,Bar· 
row, Kilby 
Bridge. 

- ~IarketHarbro 

- Tilton. 

- Wig.ton. 

- 8tapleford. 
Loseby. 

- -1-
H 



98 ANNELIDA, INSECTA, POLYZOA, CRUSTACEA. 

SPECIES. 

ANNELIDA. 
itrul!a 

eapltata,Phil. (&1" 
1",1«). 

D 

etalensis, Piette 

quinquesuleata, 
MUnster 

sp .. 
erpula 

capitata, Phil. v. Di· 
s 

trupa. 
tetragona, Desl. 

trieristata, Guldf.· 
spp .. 

W ORM·TRACKS 

INSECTA. 

E 

L 

ullrestis 
(Elytron of) 

ibellula 
(Wing of) • 

NSECT WING· 

N 
P 

EUROPTEROUS INSECT 
alreotermes 

Ellisi, Woodw.; 
Geol. Mag., 1892, p. 
193. 

BRYOZOA. 

iastoEora 
ooli iea, Vine . 

D 

stoma toporoides ? 
Vine. 

CRUSTACEA. 

A rehreoniseus 
sp. - • • . 

CRUSTACEAN REMAINS 
E ryma 

n.sp.· 

rton 
arrovensis, "III'Coy 

E 

sE' • . 
st eria E 
minuta, Goldf. 

Sp. 

Ivphrea 
li assina ? Meyer 

G 

.; 

'" £ .. ~ ~ .a :E ., 
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WeALI TIES 
D 

ARKS, 
AN 

REM 

Tilton, Red· 
mile. 

Tilton, Old 
Dalby. 

Tilton. 

Tilton. 
Mag. 
342. ? 

Geol. 
1889, P 
S. tet· 

Sow. 
to 

this. 

ragona, 
Unable 
verily 

Tilton. 

Spinney Hills. 
e tea· 

marl. 
In th 
green 

Barrow. 

Barrow . Type 
en. specim 

Tilton. 
Tilton. 

Barrow. 

Fleckne y. Fide. 
Wood· Dr. H 

ward. 

Barrow. 

Klivin gton, 
n nodu· 
estone. 
y Hill., 
Hills. 
one. 

Casts i 
lar lim 
Spinne 
Dane 
AyleRt 

f Barro ?=(}.l 
record 
Brodi 

w. 
iaB8ica, 
ed by 

e, Ann. 

Hlst., 
Ber. 
l Mag. 

xix,. p 

Nat. 
1867, 

3, vol. 
.31. 



S P E C I E S. 

:t>rreatya 

sea brosa, Woodward. 
Geol. Mag., 1878, p. 
289. 

BRACHIOPODA. 

Diseina 
rellexa, Sow .. 

Lingula 
metensis. Terq. 

Rhynehonella 
aeuta, Sow. val'. bi· 
dens, Phil. 

amalthei, Quenst.· 
ealeieosta, Quenst. 

fodinalis, Tate 

lineata, Y. & B. 
plicatis",,,,a, Quenst. 

v. Rh. calcicosta. 
tetrahedra, Sow .. 

tetrahedra, vsr. 
northamptonensis, 
Dav. 

variabilis, Schloth. 

subvariabilis, Dav. 
spp. 

Spiriferina 
rostrata. Schloth .. 
verrueosa, Von 
Buch 

Waleotti, Sow. 

Tere bra tula 
furcillata, Theod. 
Q~e~st. lrevigata. 

punctata, Sow. 

punctata, val'. Ed· 
wardsi. Dav. 

llunctata, val'. 
haresfielde n sis, 
Dav. 
punetata, val'. ra.d· 
stockensis, Dav. 

subpunctata, Dav. 
Walfordi, Dav. . 
spp .. 

Waldheimia 
indentata, Sow. 
numismalis, Lam. 
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LOCALI~IES 
A~D 

RE'LU{n:S. 

Barrow. 

Tilton. 
Grantham. 

Broughton. 

Tilton. 

Tilton. 
Crown Hill, 
Thurnby, In· 
garsby. 

Tilton. 
Wellingore. 
Billesdon. 

Old Dalby, 
Holywell, Til· 
tall, IIallatoll , 
Edmond· 
thorpe, Pick· 
well,Ingarsby, 
Loseby. 

Tilton, Holy. 
well,Eastwell. 

Barrow, Kilby, 
Thorpe Lang. 
ton, Loseby, 

I 
Redmile. 

- Plungar. 
Old Dal by 
Loseby. 

Tilton. 
Old Dalby. 

Thorpe Lang. 
ton, Loseby, 

Old Dalby. 

Old Dalby. 

Holywell, Ed· 
m 0 n dthorpe, 
Pickwell, Key· 
thorpe, Tilton, 
Skeffington. 

Tilton, ReI· 
voir. 

Tilton. 

l'ilton,Holwell. 

Tilton,Holwell. 
Tilton. 

Q ~Iarket Hal" 
bro'. 

Tilton. 
Tilton, Ed· 
mondthorpe, 

01ci Daluy. 

H2 



100 BRACHIOPODA, LA~mLLIBRAXCHIATA. 

--;-~-,----------.---:-----;-~----- --~-

I ~Iiddle. 

S P E C J F. S. 

perfora ta, Piette 

resupinata, SOIV •• 

subnumismLllis, 
!Jav. 

Waterhousi, Dav. 

LA'IIELLlBRAN· 
CHlATA. 

(1Il0NOlllYARIA.) 

Anomia 
n umismalis, Quenst. 

Avicula (Caxsianella) 
contorta, Portl. 

cygnipes, y, and II 

decussata, Gold!. v. 
Pseudomonotis 

inooq uivalvis,Sow. 

novoncostce, Brown v. 
Av. inrequivalvis 

papyria, Quen"t. 

Spp .. 

Cassia nella Y. Avicul[t. 
Creilr/l ula, V. IlJocernmu~ 

Gervillia 
Spp .. 

Grypllooa 
a;rcuata, Lam.; G. 

/}/.CtU'va, Sow. 

cymbium, Lam. 

cymbium, Lam. val'. 
depressa Phil. 

cymlliull)., lam., 
mr.obhquata, ~o.\. 

incll/'V((, Sow. v. G. 
arCl1ata. 

AfaecHllochi, Sow. n. 
cYIlllJinm. 

ohliYlIata, Sow. v. G. 
eymhium. 
sp .. 

Hlllnites 
abjectus, Phil. 

tumidus, Ziet. ; P. 
velatu8, )Iitnst. 

velatu", Miinst. v. H. 
tumidus. 

Inoceramus 
dubius, Sow .. 

substriatus, minst. 

L 
W 
~ 
B 

Hn 

Lower. 

- Q 

- ~ -

s -

- P'! N -

- W 
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IV 
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S IV W 
J N 
N 

, N 
S S 

S 

IV PNQNSN 
Q Q Q Q Q 

If [In 

Upper. 
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LOCALITIES 
AND 

REMARKS. 

Ol~ Dalby, 
!(llby Bridge, 
LoseoY,Wools
thorpe. 

Tilton. 
Tilton. 

Wellingore 

Tilton. 

Barrow. 
Wig.ton. 
East Leake. 

Tilton, Harbro. 
Hallaton,Cran. 

hoe. 

L - Tilton, Belton, 
Oustou, Hal" 
bro, Hallaton, 
Holt, Laseby. 

Thurnby. From 
a well. 

L Ashby Folville. 

Hn -

Thumby, Plnn· 
gar. 

Abundant. 

- Q J J S S Abundant. 

N 

S N L 
Q 
N 

J 
Q 

:-;r', N 

- 1- J 

W 
J 
W 
S 
N 

J - W 
J 

L 

- L 

Loseby, Tilton, 

Loseby, Dalby, 
Staunton IVy· 
ville. 

Barrow. 

Tilton. 

Tilton. 

J Barrowby, Key· 
thorpe, Roc k 
ingham. 

- Ea.tweU. 



SPE CIES. 

ven tricosus, Sow. 
(Crenatula). 

sp.j Geol. Mag., 1889, 
p. 338, pi. x., f. 4. 

Li~ 
actttico8ta, Schloth. v. 

Limea. 
duplicata, Sow. 

eucharis, d'Orb. 
gigantea, Sow. • 

Hermanni, Voltz .• 

pectinoides, Sow .. 

punctato., Sow. 

succincto., Schloth. 
spp· . 

Limeo. 
o.cuticosto., )Iiinst. 

juliana, Dum.· 
sp·· . . . 

Monotis v. Avicula and 
Pseudomonotis. 

Ostreo. 
arcu.ota, Lam. v. 
Gryphrea. 

cymbittln" Lam. v. 
Grypbrea. 

GoldfuBsi,Brown; O. 
frregularis, :!-Ittnst. 

1·'t~regt(,.lans, Miinst. v. 
O. Goldfussi. 

lio.ssico., Strickland 

submargo.ritaceo., 
Brauns 

spp .. 

Pecte:c. 
o.JJNro.dio.tus, 

lI!Q.uivalvis, Sow.; 
P. 81wlaroi8, Y. & B 

calvus, Gold!. 
demissus, Phil. 
dento.tus, Sow. 
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Lower. )Iiddle. Upper. I 
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S HIJ 
1l L 
J. 
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- I1n -
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L 

<l 
lin 
L 

L 

I. 

L 

Barbro, 
Dalby. 

Old 

Tilton (East 
Norton). 

Plungar. 

Error forLimea. 

Redmile, East· 
well. 

Tilton. 
Abundant. 

- LoseuY,Barrow, 
Tilton, Staple· 
ford. 

- Cranhoe,Thurn· 
by, Tilton, 
Spinney Hills, 
Bille.don, Ro· 
cart, Belton, 
Los.by, TWy· 
ford,ColdN ew· 
ton. 

- Redmile, Plun· 
gar, Wellin· 
gore. 

- Barrow, Roton. 
- Spinney Hills. 

- ThorpeLangton, 
Stapleford,Til· 
ton. Loseby, 
Kilby Bridge. 
Lima of Judd, 
and Quilter. 

- Tilton. 

Cotham. 

'Vigstou,Kilhy, 
Spinney Hills, 
Timrnby, Har· 
row, FlecRl1ey. 

Tilton. 

Spinney Hills. 
Tilton, Allex· 
ton. 

Tilton. 

Abundant. 

Tilton, LosellY. 
Belton. . 
Plungar, Tilton. 
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SPECIES. 

ti(('.:ii[tlLt~.j, Nyst. Y. 1 

P. I un ularis. 
lunularis, Roemer; 
P. liasianHs, Nyst. 

priscu.s, ~chloth. . 
."b/reVls, ,. & B. v. P. 

roquivalvis. 
textorius, SchlotlI. 

Thiollieri, Martin· 

valoniensis, Defr.· 

spp.' 

Perna I 
infraliasica,Quenst. -

Pinna 
fissa, Goldf. 
folium, Y. & B. 
spathulata, Tate· -
tiltonensis, Wilsall -
Sp. 

Placunopsis 
SP .. 

Plicatula 
lalvigata, d'Orb. 

spinosa, Sow.' 

sp.' , 
Posldonom;!,a 

Bronni, Voltz, 

SP. ' 
Pseudomonotis 

decussa t us, Goldf. 
(Avicllla.) 

Pteroperna 
sP. .. 

LAMELLIH RAK· 
CHIATA. 

(DIMYARIA.) 

Anatina 

i 
I -

pralcurSOr, Quenst. -
Arca 

elongata, Huckm.' -
ferruginea 1 Lycett -
StricK landi, Tate; I -
A. tnmcata. Btlckm. 

tJ"HllCata, Rnckm. v. 
A. Stricldan(li 

spp. 

Arcomya 
elongata, Roelll. 
(Pa1wpa'a). 

vetusta, Pllil.· 

As~Ki-ie 
stria to- sulcata, 
Rom. 

spp. ' 

tAMELtIBRANCHIATA. 
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LOCALI-:"lES 
AND 

RE:~I.\Rli~. 

Crown Hill, Til 
ton, Twyford 

Bowden. 

Tilton. 

Tilton, L08eby 
Grantham. 

Rocart, Ashby 
Folville, Lose 
by. 

East Leake 
Wigston. 

1'1 Spinney Rill. 
Market Hal' 
bro. 

- Plungar. 
- Old Dalby. 
- Redmile. 
- Tilton. 
- Barrow. 

J 
1'1 
1'1 

Tilton. 

Stapleford. 

Thurnby, Free 
by, Dalby, Sta 
pleford,Tllton 
Thorpe Lang 
ton, Cold New 
ton. 

Barrow. 

Holt. 
Grantham 
Grantham. 

J Allexton. 

East Leake. 

- - MiddleGonerby 
- I'll Grantham. 

S - - MiddleG<>nerby, 

L 

s 
L -

B -
L 

N 

Billesdon, Bll 
lesdonCoplow 

Thornhaugh 
Old Dalby. 

Grantham, Dal 
by,108eby. 

- Twyford. 

Tilton, Grea 
Dalby ,LOBe by. 

Rockingham, 
Holt,Allexton 
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AxinllS v. Schizodus. I 
Cardinia 

attenuata,Stutchb. 

.; 

£ 
,; 
ii 

00 

:l 
'" " 4> 
~ 

antiqua, Phil. '1 

CARDIOIDES, V'I -
Unicardium. 

~ 

'0 

~ 
.:: 
'8 g 

concinna, Sow. '1'
copides, de Ryck. - -

gigantea, Quenst.-! ~ I -
Listeri, Sow. - -

I 

Listeri, var. ovalis,l -
Stutchb. I 
var. hybrida, Sow. 

Slatteri, Walfotd. i -
(J"ocardia.) , 

spp. - y 

Cardita 
multicostata, Phil. 

Cardium v. Protocar
dium. 
Cerom~a 

born balt, Quellst. . 
liasSlCa, ~[oore v. C. 
petricosa. 

petricosa, Simp. 
Corbicella 

Cu~til~a 
Munsteri, Ziet. 
sp. -

Cypri<Jlll'dia v. Tra
pezium. 

Goniom-a 
hetero~ leur a, Ag. 
hybrida, M(\nst. -
ap. -

Uresslya 
donaciformis, Phil. 

(Myacites. 

intermedia,Simpson 

lunulata, Tate 

Seebachi, Brouns -
sp. - -

Hip-opodium 
ponilerosum,Sow. ; 
MyttZu" hippocam. 
pll8, Y. & B. -

Homomya 
sp. -

Isodonta 

, 
I _ 

I 

Ewaldi, BOl'nem:",n: 
Schizodlls(Opi~)cloa
ciJlLts, Qnenst. 

L~da v. Nucula.ns 
Lucine. 

sp .. 

Ba. 
\I' 

III 
UII 
</ 
I, 

LcUIELL lDR.\XC RIATA. 

Lower . 

I' ~ I I ,,; ~ :5
1

:2 ';1 ·1·:: 
~ ~~g~~~ 
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\~ LOCALGlES 
ASD 

~ ~ Rnu.RKs. 
'" I'" .!! 
;:l "' "' ... I~ ~ 

" I~ '" i< 0. 
0 0. 
H ::0 I 

--------_._.-

I I I
I I 

~'-I I Lo,euy. _ _ Staunton 

I I Wyvile,Dalby. 
_ _ Thuruby. 

. I Probably mis-
print for 

I Unicaruium. 

- - \ TR;~~~~~ugar, 

lin 

Un 
L 

L 

L 

L 

L 

- Hll -
L 

J 
N 

i Redmile. 

Vale of Belvoir. 

Vale of Belvoir, 
Thurnby,CrowH 

Hill, Loseby. 
Redmile, Plun
gar. 

Redmile,StaulI
ton Wyvile 

Tilton. 

Granby 
row. 

Bar 

Woolsthol'pe 
Loseby. 

Tilton. 

Eastwell. 

Plullgar. 

Old Dalby. 
Cranhoe. 

Tilton. 
,'1 iddleGollerby 
!llllesdon. 

Thorllhaugh, 
Stoke, Grall
tham. 

I Broughton, Til
tOll, John 0' 
Gaunt. 

Thurnby, T~l-
ton. 

JIiddleGolleruy 
Old Dalby. 

Loseby, Saxelhy 
Dalby, Tbnrll-
by, Ouston, In
garsby. 

Loseby. 

Spinney Hills, 
\YigstOll, 
East Leake. 

N Grantham. 
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SPECIES. 

Macrodon 
Buckmani, Richard'i -

son 
Modiola 

hillana, Sow.' I_ 

I 
hillanoides, Chap. 
and Dew. 

lrevis Sow. 
minima, Sow.· - Hn 

Morissi Oppel 
numismalis, Oppel 

omata, Moore v. 11. 
subcancellata 
scalprum, Sow. 

su bcancella ta, 
Buvig.; jI. ol'n.ata, 
~Ioore. 

spp .. 

].[ya.cites 
donacifoJ''m is, Phil. v. 
Gres~lva. 

My'ophoria 
infla ta, Emmerich 

MyW"s 
hippocamp1l8, Y. & B
v. Hippopodinm pon· 
derosum. 

Nucula 
claviformis, Sow. 

Hammeri, Defr. . 
ovum, Sow. v. Nucn
lana. 

variabilis, Quell st. 
{? Sow.] 

spp .. 

Nuculana (Leda.) 
~qn~llla~:la, Koch 

complanata, Goldf. 

Galathea, d'Orb. . 
grap.hica, Tate . 
1mbncata., S. & N. 
M.S., v. N. Quell· 
stedti, Tate 

minor, Simp. -
ovum, Sow. (N1I' 

eala). 

Quenstedti Tate; 
L"caa imbJ'icata'l 
Sharmrlll & New
ton, ~IS. 

sp. 

PaIlOpn'(I, v. Arcomya 
::lnd PlelU'olllya 

Pholadomya 
ambigua, Row. 

B 

L 

:LA)lELLIBRANCHtATA. 
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Q 
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Ba 
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- - Q - -
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L 

- En -
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L 

- L 

- W 

- W 

Q 
L 

B 
L 

L 

L 

- L 
- L 

J 
N 
Q 

L 

L 

L 

LOCALITIES 
AND 

REM.ARKS. 

Tilton. 

- Neville Holt, 
Harbro', Lose
by. 

- Thurnby, Flee 
ney. 

- Spinney Hills 
- Barrow. 

J 
N 

Tilton. 
Scalford. 

Abundant. 

Wools thorpe, 
Tilton. 

Leicester. 

East Leake. 

Tuton, Eas 
Norton. 

East Norton. 

Wigston, Old 
Dalby, Nevill 
Holt. 

Hallaton, N e· 
ville Holt, 

Grantham. 

Old Dalby. 

Tiiton, Belton, 
Holt, Cranhoe. 

Great Dalby. 
Woolsthorpe, 
:Middle Goner· 
by, Old Dalb) 

Peascliffe. 
Abnndant. 

- :Middle Gonerby. 

Crown Hill. 

Loseby,Ouston, 
Broughton. 
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Middl·'. Upper. I I I, 1 Lower. 

! ~ 
,S .;=~.:. ~~ '11~ai I ~ ~-'J_'" '"E-~ ",£.5"6 !;lPECIES. 

LOCALITIES 
AND 

REMARKS. H nU11H,PhHHil _______________ ~ __ ~~~_<~_<~<_2_<~< __ ,~~~_~<_s~I_~~~~~i_~ __ <~ 
decorata, Zeit. 

glabrf!., Ag .. 
ventrIcosa, Ag. 
sp .. 

Pleuromya 
costata, Y. &: B. 
striatula, Ag. 
unioides, Roemer· 

spp.· . 
Pleurophorus 

Pr;roc;rdi~m 
philippian um, 

Dunker; C. 'I'hoot/"
cn1n , Merian 

rhcetw'U Inl lIerian v. 
P. philippianulll. 

suJ!~~t~a tul um, 
truncatum, Sow .• 

SJlP,' . 
Pull'astra 

arenicola, Strickl. . 
Schizodus (.A"'int~') 

cioacing" Quenst. 
v. Isodont .. Ewaldi. 

depressus, de Kon. 
elongatus, ~loore . 

Tellina 
gracilis, Dum. . 

TraJ,lezium, (Cypriaar. 
a,a) 
cordiformis, Leah. 
cucullata, ~liinst. 

Unicardium 
cardioides, Phil. 

su bglo bosum, Tate 

SCAPHOPODA. 

Dentalium 
giganteum, Phil. • 
Sp. 

GASTEROPODA. 

Actreonina 
ferrea, Wilson 

fragilis, Dunker 
iWo~:terensis , 
sinemuriensis 
Martin (Actao»). 

Valleti, Stoppani 

~Eerl~ya (El(c~cl1l.,j 
lEolus, d'Orb. . 
capitanea, ~Hinst. 

C,,~'!l'~~~eTerquem 
conspersa Tate 

PI 
W 
X 
B 
Hn 
Q 
L 

N 

- Hll 
- Hn 

N 

-
II 
-
-
-

-I -
. . 

- I -

Q -:- 1-
- i Q -

Q - Q -
- .II -

Q 
Q -

- Q 

- P N 
Q Q 

Q 

- -

Q 

.J 
Q 

s 

- N 

:-; 
J 

\Y -

L W? -
W ~ 
N 's 
S 

- W 

w 

W 
H 
W -
W 
H 
W -

L 

L 

L 
S 

L 

L 

L 

L 

N 

Dalby, Ouston. 

Barrow. 

Cold Newton. 

OustoD,Rocl1.rt. 

Tilton. 

Cotham. 

WigstOll. East 
Leake, Loscby, 
Spinney Hills, 
Old Dalby, etc. 

Harlaxton. 

Abnndant. 

(? ["odonla) 

Spinney Hills. 
Spinney Hills. 
Cotham. 

Tilton. 

Stoke. 
Stapleforu. 

Abnndant. 

Tilton. 

PeasclilIe. 

Tilton. 

Tilton, 
L Tilton, Pick· 

welL 
Tilton. 

East Leake. 

L Pickwell. 
II Market Hal'

bro'. 
Ingarsby. 
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,PE C IE i\. 

Dunkeri, MUnster 
elegans, Miinste r· 

Fidia, d·Orb .. 

gaudryana, d·Orb. 

gaudryana var. 
imbricata. Sow. 

undulata, Phil.· . 

spp .. 

Ataphrus(][oltodonta) 
bullatus, ~Ioore . 

lindecolinus, Wil· 
son. 

Bour "uetia (Pha,,;' 
aoella) 

turbinata, Stol. 

sp.· . 
Centhium 

asperulum, ~Ioore 
camertonenBe, 

:Moore. 
evnflMum, Tate v. 

Cerithinella. 
costula tum? Desl. 

ferreum, Tate 

ibex, Tate 
ilminsterense, 
~loore 

liassicum, Moore . 

ligaturale, Tate . 

reticulatum, Desl. 

ubfistulosum, 
Tate 

tt"igemJnatwn, 'ViI
SOI1 v. Turritella. 

val'icosH In, ~loore 
v. Cryptaul.x, d. 
undulata. 

spp .. 

Cerithinella 
confusum. Tate 

Chemnitzia 
Berthaudi, Dum. 
Blalllvillei, Miin· 

ster 
carusensis, o.·Orb. 
citharella, Tate -
periniana 1, d'Orb. 
semitecta', Tate -
undulata'/ Benz. 
Spp .. 

CASTEROpobA. 
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;:; 
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L 
L 

.; 

~ ... 
'" '" '" D 

LOCALt~IF.S 
ANI) 

RK\I\J.:l\.& 

Ingarsby. 
Old Dalby. 
Tburnby. 
Tilton. 

Tilton. 

Tilton, Staun· 
ton Wyvile, 
Harbrd _,Ham
ner's Lodge, 
Grimstoll. 

Thnrnby, 
Great Dalby, 
Thorpe Satch· 
ville. -I Middle Goner· by. 

- Tilton. 

II - Medbourne. 

- L - Tilton, Pick· 
well. P8eudo· 
melania, WU· 
son. 

- Muston. 

Old Dalby. 

Tilton. 

- L Tilton, 

L - Old Dalby_ 

L -

L -

- L 

L -

L -

L -

- Tilton. 

Tilton. 
Old Dalby. 
Redmile. 

- Tilton. 

-

-

-
-

--
-
--

Pickwell. 
Redmile. 

Tilton. 
Old Dalby. 

Tilton. 
Pickwell. 

Old Dalby. 
Old Dalby. 

Old Dalby. 
Tilton. 
Old Da.lby, 
Tilton. 
Tburnby. 
Old Dalby. 



GASTEROPODA. 

SPECIE S. 

Cryptrenia 
com ressa, Sow. 

(BeUeina). 
consobrina, Tate 
expansa, Sow. (Be· 

lieina). 
rotellreformis, 

Dunker 
solarioides, Sow. 

- I - - Hn 

sp .. 
Crn to. ulax 

cf. undulata 
Quenst.; Ceritlii1.nn 
varico8um, "Moore 

Cylindrites 
req ualis, Wilson 

Enei/el,1S v. Amberleya 
Helieina v. Cryptrenia 
Littorill4 v. Amberleya 
Monodonta 

bullata, Moore v. 
Ataphrus. 

humilis, Wilson 

lindeeolina, Wilson 
v. Ataphrus. 

Nortonia 
patroclus, d'Orb. 

(P1trp1trina). 
Palreoniso 

monoplicus, d'Orb. 
(TroehWl). 

Phasianella v. Bour· 
guetia. 

Pleurotomaria 
anglica, Sow. 

canalis, )Iiinster . 

helicinoides, Roem. -

precatoria, Des!. . 

princeps, K. and D. 

Quenstedti, Goldf. 
rustica, Des!. . . 

Pseudomelania 
brannoviensis, 

Dum. (Ch~mnitzia) 
turbinata, Stol. 

v. Bourguetla. 

Rofe~ia . 
expansa, ~ow. v. 

CryptICnia 
Trochus 

Acis, d'Orb. 

£ol1ls,d'Orb. v.Am· 
berley". 

Ariel, Dum, 

dalbiensis, Wilson 

Fidia, d'Orb. v. Am· 
berleya, 
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Lac, T,I~IF.S 
.A~lJ 

RE:'lIARK~. 

Ouston. 

Old Dalby. 
Tilton,Oust.on. 

Plungar. 
Tilton. 
Tilton. 

Kilby. 

Tilton. 

Old Dalby. 

W East Norton. 

Middle Goner· 
by. 

15pinney Hills, 
Saxelby, Til· 
ton, Old Dal by, 
Plungar. 

Tilton. 

Tilton. 

Redmile. 

Redmile. 

Belton. 
TiitOll. 

Tilton. 

Tilton. 

Middle Goner· 
by. 

TiltUll. 

Old Dalby. 
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Lower. Middle. Upper. 
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i01Ul'icnflu;, Suw. v. 
Amberleya. 

lineatus Moore W Tilton. 
m.fJnoplt"cus, rl'Orb. v. 
Pahuoniso. 

nor t h amptonen· W Daventry, Til· 
sis, Wilson. L ton. 

<Editus t d·Orb.· L Old Dalby. 
pet ertonensis, w Tilton. 

Moore. H 
rotulus, Stol.· W Tilton. 

H 
thetis, l\IUnster· - W - - ~ - H L Old Dalby. 

Q Tilton? 
spp .. - N -,- lin Redmile,Saxel. 

Q i by. 
Turbo 

cyclostoma, Benz .. W Tilton. 
II 

Dnnkel'-i, ~n'mster v. 
Amberleya. 

latilabrus, Sto\. W L Tilton, Pick· 
well. 

rugiferus, Moore . W - Tilton. 
II 

Theodori, l\Ilinster W Tilton. 
R 

Spp .. - N - L L Old Dalby,Pick. 
Q well. 

Turri tella (Gcr· 
ithium) 
trigemmata, Tate· - W - L Old Dalby. 
spp •. Q -

CEPHALOPODA. 

A:\IlIIONOIDEA. 

Ammonites,' 
[Acanthopleu,.ocera8 v. 

Cycloceras]. 
[lEgocerasl 

S J L armatus, Sow. - lin Loseby, Dalby, 
J L Tilton, Brun· 
Q tingthorpe. 
L 

r Birchi, Sow. . - - - Broughton. 
brevispin US, Sow. N Dalby, Staple' 

ford, Twyford, 

-1-
~ W oolsthorpe. 

c a IJ ric 0 r nus, S lin - Abundaut. 
Schloth. J L 

Q 
N 

curvicornis, - Q - L - Dalby. 
Scilloenb. 

DaVOli Sow. L Old Dalby. 
dC1l8inod!t8, Quenst. 
v. A. obsoletus. 

gagateus, Y.and B. J - N't - L Barrowby, 
Q Great Dalby. 

Henleyi, Sow. - Q N J Cranhoe, Peas· 
Q 

- I lin 
cliffe. 

Jamesoni, Sow. S - Q J N - - Saxelby, Dalby, 
S John o·Gaunt. 

Jamesoni, var. 
Q 
.J Stapleford. 

Bronni Roemer. 
Jamesoni,var.con· J Stapleford. 
fu~us, Quenst. 

latoocosta, Sow. . J Stapleford, 
Q Dalby. 



CEPHALOPODA . 

. ~--~--~ -_ .. -~~~~-
Lower. !1Iiddle·1 Upper. I 

I 

81'ECIES 

Leckeubyi Wright. i , I 
Mauganesti,d,orb'l -
obsoletus, Simp.· 

polymorphus, 
Quenst. 

polymorphus, 
lineatus, Q-uenst. 

s~Yf~!areus . 
striatus, Rein. -
sub P I a nicosta. 

Oppel. 
Tavlori, Sow. 

[Amaltheus] 
Engelhardti, 
d'(Jrb. 
margaritatus, 
Montf. 

spinatus, Brug. 

trivialis, Simp. 

[Amblycoceras v. lE;gu. 
ceras] 

[Arieti tes] 
Bonnardi, d'Orb. 

Brooki Sow. -
Buckiandl, So .•. 

Conybeari, SOIV. 

Macdonnelli, rortl. 
1.wdotianU!~t Wr. non 
d'Orb. v.l\Iacdonnelli 
obesulus, Blake . 

ophioides, d'Orb. -
raricostatus,Zeit. -
sauzianus, d'Orb.· 

sclPj~:.ian us 
semicostatus. Y. '" 

H. 

subnodosus . 
Y. & B. 

tardicrcsCelts, Blake 
v. Psiloceras aplana· 
tum. 

Arnioceras v. Arietites 

[Aspidoceras] 
bispinosa Ziet. . 

[Caloceras •. i\iloceras; 
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LUC.\'Ll'l'IES 
A~D 

m nE}L'tRfi..S. 

" ~ 
ii> 
"" '" p 

- Brunt,illg-

I 
thorpe. 

- Dalby. -I Barrowby, 
W oolsthorpe, 
Loseby,Staple
ford, Old 
Dalby, Twy· 
ford. 

Inclndes 
A. densinodus 
Quenst. 

Ingarsby, Old 
Dalby. 

Stapleford. 

Keyham. 

Old Dalby. 
Loseby. 

- I Old Dalby. 

11iddleGonerby 

Abnndant. 

MiddleGonerby 
Tilton. 
Barrowby, 
Woolsthorpe, 
Old Dalby, 
Great Stl'et· 
ton. 

-I' Frisby borehole. 
- Barkston. 
- Thnrnby, 

Broughton. 
- IIKilbY, Ingarsb}, 

TtlUrnby,Fleck. 
! 'lr~fi. Crown 

-I Loseby. 

Thurnby. 

Grea t Stretton. 
Illgal'sbYJ 
~'leckney. 

C,UWll Hill. 

Belvoir, Key
ham, Ingar~hr 
Honght.on. 

Iogal'sby. 

TWJford. 



110 

Sl'ECIES. 

[Coeloceras] 

annulatus, Sow .. 

communis, Sow .• 

crassus, Y.&B. 

Desplacei, d'Orb.· 

ftbulatus, Sow. 

Holandrei, d'Orb. 

raquinianus, 
d'Cirb. 

semicelatus, 
Simp. 

Cy.cloceras] 
Valdani, d'Orb. 

I Dactylioceras v. Ccelo· 
ceras] 

[Derooeras v, .!Ego· 
ceras] 

[G'J'a'mntoce'J'as v. 
Harpoceras] 

Harpoceras] 
acutus, Tate . 
bifrons, Brug .. 

clilcilia. Rein. 
complanatus, 
Brllg. 

concavus, Sow. 

elegans, Sow. 

exaratus, Y. & B. 

falcifer, Sow; A. 
r~er-pentinusJ Allet. 

cf. Levisoni, Simp. 

lythensis, Y. & B. 

nitescens, y, & B. 

n3,~:.nianus, 
ovatus, Y. & B. 
radians, .iteill.· 

serpenti-nns , Auct. 
Y. H. falcifer. 

-1-

CEPHALOPODA. 

Lower. 

Q -

LlIitldle. 

w 

J -

- W 

- N 

J - J 
Q 

S 

\V 

Upper. 

- N 

J 
N 

I I 
~ 
;4 .. 
" '" "" 

LOCALITIES 
AND 

REMARKS. 

:.. 1, ______ _ 

- L Hn Abundant. 
J 
N 
L Tilton. 

L Tilton, 
W Stoke, 
J tham. 
N 

Holt 
Gran· 

N Stoke, Gran. 
tham. 

J MarketHarbro' , 
N 
L 
J Abundant. 
Q 
L 
L Tilton. 

Tilton. 

L - Old Dalby, 
Thorpe Lang. 
ton. A.m. bi 
p'ltnctat'U8, re· 
corded by 
Judd. 

S 

L 
- Hu 

W 
N 
J 
Q 
L 

L 

J 
N 
L 

L 
N 

Hn 
J 
Q 

J 
N 

N 
J 

Tilton. 
Abundant. 

Tilton. 
Grantham. 

Grantham. 

Holt, Allexton, 
Stoke, 
Market Har· 
bro. 

Abundant. 

Tilton,Holwell. 

Middle Goner· 
by· 

Dalby, Staple· 
ford, Ouston. 

Tilton. 
Holt, Key· 
thorpe, Seal, 
ford. 



S PEe I E S. 

subplanatus 
Dum. 

HildoDeI'(ls v. Harpo~ 
ceras] 

[Lipa)'oceras V • .. Ego
ceras] 

rLytoceras] 
cornucopia,Y.&B. 

fimbria.tus, Sow. 

[,}fw1'Oceras v. JEgo· 
ceras] 

[OxYnoticeras] 
Co:ynarti, d'Orb .. 
gl-b~~~ianus, 
oxynotus, Queust. 

[Phyllocerasl 
Ii~J\~:ophy Ius, 

Loscombei, Sow. 

[Psiloceras] 
aplana tum, Hyatt 

( Caloceras). 
Johnstoni, Sow. 

planorbis, Sow. 

tortilis, d'Orb.· 
toru8, d'Orb. v. P. 

Johnstoni. 
[Schlotheimia] 

angulata, gchlotb. 

catenatus, Sow. 

BELE~DroIDEA. 

Belemnites 
acutus, Miller 

fi.P~Y~ft:;,~vatus, 
breviformis, Voltz. 
clavatus. Blainv .. 

CLA. YELLA'fns, Bean? 

compreSSlt8, Voltz v. 
Bel. Yoltzi. 

elega.ns, Simp. . 
elongatus, )liller· 
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- Ea Q P 
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X W 
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infundibulum, 
Phil. 

irregularis,8chloth., -

(I N - - N 

levidensis, Simp.· I 
paxillosus, SChloth'
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LOCALITIKS 
AXD 

ltE\IAHK.-3 

Nassington. 

Billesdoll Cop. 
low. From a 
well. 

Holt. 
Loseby. 

Loselly. 
Lo.ehy. 

Barrowby, Gt. 
Dalby. 

Holt. 

Loseby. 
I Old Dalby. 

Loseby. 

8pinney Dills, 
Barrow . 

Wigs ton, 
Knighton,Bar· 
row. 

Barrow I Bar
row by, Knigh
ton. 

- I Barrow, Thurn-
by, Spinney 

J 

X 

I Hills. 

Redmile. Lose· 
by. 

Tilton. 

Tilton. 
Freeby, Staple· 
ford, Saxelby, 
Stanton Wy. 
ville, Harbro'. 
Edmond th'rpe 

Tilton. 
'! .US. name. 

Stapleford. 
Thorpe Lang
tall, Tilton, 
GustOll, Be] 
voir. 

Broughton 

Grantham, 
\Velbourn. 
Billesdon, 
Tiltoll,Rocart, 

Eumolldthorp" 
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SPECI ES. 

sllbtenuis, Simp. 
Voltzi, Plu!. . 

vulgaris, Y & B. 
spp .. 

NAUTILOIDEA. 
Nautilus 

Zatidorsatw3, d'Orb. 
v. N. toareensis. 

lineatus Sow. . 

CEPHALOPODA, PISCES. 

Lower. 

I _ 
I 

semistriatus,d'Orb. 
striatus, Sow. - I -

toarcensis, d'Orb. ; I -
. Ba -

Q 
P -
Q 

N. la/UiorBatu8. 
truncatus, Sow. 

spp. 

PISCES. 

Acrodus 
kes~f.e~n ~~h~k~~~~J-

(HY/lOdu,,). 

minimus, Ag.-

BPP, -

Hn 
P. 
1: 
L 

liu 

ACT I X 0 PTE R .. G I AX L 
SC.\LES. 

Belonorhynchus 
acutus, Ag. (Belollo, 
IStU/JIU,~,.) 

BrlmwRt01HU8 v. Belono· 
rhynchus. 

Browneich thys 
ornatuS. " oodward 

Ceratodus 
latissimus, Ag. ; C. 
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Old Dalby. 
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by, Middle 
Gonerby. 

Al~~~d~~' of 
Mntton Hill, 
Leicester. 
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Harrison as 
teeth of Hy
bodns & Aero
dna. "leh· 
thyodorulites" 
Plant. 

Spinney Hills, 
East Leake, 
Glen Pllfva, 
Harrow. 

Upper Keuper 
Sandstone 
(Harrison), 
PI ungar. 

Barrow? Alay 
be from Lyme 
Regis (Wood
ward). 

Barrow. 

Spinney Hills, 
Bamston. 

Barrow. 

Aylestone, 
Spinney Hills. 
Scales. 
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lepls). 
Oxygnathus (CO""'", 1 I" 

Egertoni, Egerton, I -[ -
Ag.118. 

Pholidophorus 
EGERTO~I' 

HagtingsUe, Ag. v. 
Eugnathus. 

Higginsi. Egerton 

1)1011 w na, Harrison I 
v, Ph. Higginsi. 

nitidlt8, Egerton, v. 
Ph. Higl'insi. 

tricklandi, Ag. . 

sp. (scales) 

Ptycholepis 
minor, Egerton 

Pycnodlls 
lio.s,ijicl£.s, v. )Iesodon. 

Sargodon 
tomicus, Plien. 

Saurichtjlys 
acumlllatus, Ag. 

apicalis, Ag. v. S. 
acuminatus. 

sp.· . . 
SELACHIAN SPINES 

Semionotus 
Brodiei, Newton 

Sphenonchus 
sp. 
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barroviensis, A.S. 
'Yoodward; Ann. 
Mag. N"t. Rist., 
1890 p. 430. 
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Barrow. 
S. Woodw .. 
Ann. Mag 
Nat. Rist., 
1890, p. 431. 

Mytlllcal 
species. 

Spinney Hills. 

- Barrow. 

- Knighton. 

Barrow. 

Spinney Hills 

Wigston. Spin 
ney Hills. 

Barrow? 

- Ramston. 
- Spinney Hills. 

A. S. Wood· 
'Ward, Leices. 
tel' Lit. Phil. 
Soc, 1889, p. 

I 
18. 

- Col wick Wood, 
Rotts. 

- Spinney Hills. 
Spines re 
corded under 
this name are 
probably Hy· 
bodus. 

Barrow. 
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Labyrinthodon 
5pp. . . 

FOOTPRINTS • 

Plesiosaurus 
Dewalquei ? Van 

Beneden. 
Hawkinsi? Owen· 

macrocephalus, 
Buckl. 

meqacephal"s v. 
Thaumatosaurus. 

(YERTEBR.E, ETC.) 

Rysosteus 
Oweni W. and S. 

TAN¥STROPHIEUS, von 
~[eyer, See Woodward 
and Sherborn, Fossil 
Vert., 1890. 

Thaumatosaurus 
megacephal us, 
Stutchlinry (PlesiO' 
S<tllN/S). 
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Granby. 

Barrow. 

Ba.rrow? 
Barrow. Brit. 
~Ius., 33,178. 

Barrow. 

Barrow. 

Barrow? 

Barro·w. 

Vale of Belvoir. 

B Seagrave. Ox-
Bm. ford ~Im:eum. 

L 

B 

B 
Wo 

L 

L 

N Spinney Hills, 
Thurnby, Til· 
ton,Grantham 

Spinney Hills, 
Wigston, East 
Leake. 

Weston Cliff. 
In Keuper 
Sandstone, 
lIull, Geol. of 
Leicestershire 
Coalfield, p. 
62. 

Banow 
Bm. (It 1440). 

Betluingtoll 
Lincolnshire. 
Bm (R 45). 
Barrow. Re
corded in error 
under the 
name Pl. 
mcgacepholus 
by Ansted ana 
Quilter. 

Spinney Hills, 
.Barrow, Barn
ston. 

East Leake. 
Errol': Bone 
recorded by 
.T. Plant from 
tbe Keuper of 
Leice,-:ter. 

lianow. Dublin 
~I useum. ~ray 
be P. Marru
c{'phalHs. See 
Browne L. 
Yert., p. ISO. 
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APPENDIX III. 
O~ THE MICROSCOPIC CHARACTER OF SOME OF THE BOULDERS, 

AXD ROCK SPECIi\fEXS FROM BORI~GS, BY Dr. J. S. FLETT, M.A. 
The Hnmbe1' Stone, Holystone, Hellstone or Holstone. E.3408. 

-This is a biotite granite essentially composed of quartz, ortho
clase, plagioclase and biotite, which last is often weathered into 
chlorite and epidote. It contains also a few crystals of a pale 
green, not very dichroic hornblende, some sphene, epidote, zircon, 
apatite and iron oxides. Orthoclase is abundant in farge irregular 
crystals often perlitic and sometimes zonal. The plagioclase is 
near oligoclase. The structure is that which is usual in rocks of 
this group; but the felspars occasionally show a tendency to 
become porphyritic. . 

Aylestone. E.3410.-A rather decomposed syenite, the principal 
ingredients of which are felspar and hornblende. The felspar is 
to a large extent plagioclase, but orthoclase is also plentiful; 
both are much decomposed, and the former is in idiom orphic 
crystals with rectangular sections, the orthoclase more irregular 
in shape and often surrounding the plagioclase. There is fresh 
hornblende which shows the characteristic transverse section, 
and is brownish-green with exceptionally little dichroism. The 
abundant epidote and chlorite are probably mainly due to the 
deconrposition of the hornblende. There is a small amount of 
interstltial quartz sometimes in rude graphic intergrowth with 
the felspar. In one or two places aureoles of micropegmatite 
surround felspar crystals. Epidote is present in grains and 
divergent fibrous a~·gregates. Accessories: apatite, sphene, 
magnetite, zircon. The rock is almost a quartz diorite. 

St. John's Stone, LeicesteJ' Abbey. E.3411.-A calcareous grit 
,,·hich contains in a calcareous cementing matrix rounded and 
subangular grains of quartz, weathered felspar, flint or chert and 
other materials often stained red with encrusting oxide of iron. 
The grains are, rather large (.5 mm. across average), the calcareous 
cement yery abundant. 

The llIoocly B1~sh Stone, New Y01'''' Fa1'1i1, near Syston. E.3409 
-A rather coarse-grained andesitic tuff. It contains a good deal 
of epidote which colours it green in spots, but is otherwise re
markably fresh and the felspars of the lapilli well preserved. 
These lapilli are of various kinds but illay all be grouped under 
the term andesite, though some might possibly be better called 
trachytes. Their ferro-magnesian minerals have all decomposed 
into epidote, limonite, etc. 

C01.mtesthoJ'pe Cottage Homes. (From a boring at 170 feet ?)* 
E.3412. -A fine-grained felsitic rock consisting principally of a 
lllicrocrystalline or microgranitic aggregate of quartz and felspar. 
It is not porphyritic, the groundmass is filled with scales of 
secondary muscovite. It has in places a nodular character, 
recalling that of ash beds, but in the thinnest parts of the section 

* From a core supplied by}Ir. J. D. Paul, who states that it wa, obtained 
from a boring made at thi8 place in 188.!, and carried to a depth of 170 feet. 
[? yard~.] 
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some of these nodules have a radiate structure, resembling de
vitrified spherulites. I think it is an old acid lava or intrusive 
vern. 

Knighton Fields, Co-operative Boot Works. (From a boring at 
690 feet.) E.3413.-This fine-grained soft grey rock, so far as is 
shown by the micro-sections, is composed of fine scaly muscovite, 
minute grains of quartz, spots of calcite or carbonates, and a 
diffused green mineral which is probably chlorite. In addition 
to these there is apparently a good deal of kaolin. From its 
composition it is a mudstone or clay rock, slightly calcareous but 
in no sense a limestone. 

E.3414 (at 720 feet) and E.3415 (at 750 feet) hltve a spotted 
nodular character which ::;uggest that the rock lllay be a fine
grained thoroughly decomposed tuff, but no volcanic minerals or 
structures are to be recognised in the specimens. 
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Abbey Gate, 87. 
--Lane, 83. 
--Park Road, 80. 
Alexander Street, 86. 
Allexton, 39, 42. 
All Saiuts Brewery, 71. 
-- --Road, 87. 
Alluvium, 56. 
Anstey, 87, 91. 
Area included in the memoir, 1. 
Asfordby, 4-1, 89. 
Ashbourne Street, 84. 
Ashby Folville, 23. 
--:Magna, 54. 
Ashland;;, 33. 
Ashfield House, 25. 
Ashleigh House, 12. 
Asylum Street, 82 . 
.A vicula cont01'ta shales, 16, 17, -17. 
Aylestone, 45, 5-1, 56, 116. 
--Road, 82, 85. 

BAKER, A. E., 15. 
Balls of »and, 52. 
Barkby, 90. 
--Holt, 23. 
--Thorpe, 15, 20, 90. 
Barrow on Soar, 4, 20, 22, 54-58. 
BATES, E. F., 18, 83, S-1. 
Bates & Son's Brewery, Well at, 76. 
Bath Lane, 86, 87. 
Bay Street, 80. 
-- --:Mills, 77. 
-- -- Wharf, 78. 
Beaumont Leys, 53, 87. 
Beeby, 2-1, 90. 
Belgrave, 56, 57. 
Belton, 37, -12, 49, 52. 
Billesdon, 1, 2, 21, 28, 30, 32, 33, -10, 

52,58,88. 
--Brook, 29. 
--Coplow, 28, 32, 88. 
Birstal, l-l, 57, 
Blaby, 1, 51, 92. 
Blackbrook Serie~. 7. 
BLAKE, REV. J. F:, 22. 
Bond Street, 75, 79, 80. 
Bone Bed, 15-1S, 47. 
BONNEY, PROF. T. G., 8, 10. 
Borings and iVell sections, 60-9-1. 
Boring at Billesdon Brook, 29. 
BOSWORTH, T. R, 72. 
Bottrell's Yard, 83. 
Boulders, 53 ; Microscopical character 

of, 116. 

Boulder-clay, 43-55. 
Boulevard, 81. 
Bradg-ate beds, 7. 
--Park, 3, 7. 
Brand Series, 7. 
Braunston, Leicester, 54. 
--Rutland, 37. 
--Gate, 81. 
Brazil Wood, 8. 
Brickearth, 45, 46. 
Briton Street. 81. 
Brook"by, 20: 
Brown Street, SO. 
BROWNE, "JIONTAGU, 12-16, 18, 19, 

22,27, 53, 56, 57, 67, 68, SI-86. 
Brudenel Street, 82. 
BUCKMAN, S. S., 27. 
Buddon Wood, S-IJ, 12. 
Building stone, 4. 
Burrow on the Hill, 2, 21, 26, 31, 40 

52,59. 
Burton on the Wolds, 53. 
Bushby, 53, 

Canning Street, 77. 
CAPPELLA, REV. J., 91. 
Carl ton, 53. 
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Castle Street, 83. 
--Yard,82. 
Catalogue of Fossils, 95-115. 
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Causeway Lane, 79. 
Cement, 4. 
Cemented gravels and sands, 45. 
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Chalky Boulder-clay, 48, 49. 
Charlotte Street, 86. 
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Chatel', River, 36, 37. 
Church Gate, 76, 80, 86. 
Clarendon Park, 16. 
Cliffs of granite, 9, 10. 
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Colborough Hill, 42. 
Cold Newton, 28. 
Cold Overton, 1, 42, 49. 
Coles Lodge, 37. 
Cooper, Corah & Sons, ,Vell at, 77. 
Corby, 52. 
Cossington, 14. 
Countesthorpe, 54, 93, 116. 
Cranhoe, 34, 
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CRICK, W. D., 30. 
Cropston, 7, 53. 
Crown Hills, 4, 12, 25, 63-67, 72, 74. 

Dale Rtreet, 84. 
Dane Hills, 12-14, 80. 
Davis, Moore & Co., Well at, 68, 77. 
DEELEY, R. )1.,43,45. 
Deepdale, 40. 
Distribution of the strata, 3. 
DOCWRA & SONS, MESSRS., 71. 
Drainage of the district, I. 
Drift, 43-45. 
Drifted masses, 52. 
Dyke at Mountsorrel, 8. 

East Norton, 36, 39. 
Economic products, 3, 4. 
Elevation of the country, I. 
--of the Drift, 52. 
Else &- Frome, Messrs., Boring at, 

70. 
Emerald Street, 87. 
Enderby, 49. 
Evington, 25, 53, 63-67. 
--Fields, Section in, 78. 
Everard & Co'~ Brewery, Wells at, 

76,83. 
Eye Brook, 29, 36. 
--Kettleby, 44. 

Faults, 58, 59. 
Fielding & Co., Well at, 75. 
Finchley Bridge, 39. 
FLETT, DR., J. S., 116. 
Flood Works Basin, 86. 
Fosse Road, 12, 14, 81. 
Fossils, Catalogue of, 95-115. 
Freehold Lane, 79. 
Freemans Common, 47. 
Friars Road, 86. 
Friday Street, 77, 87. 
Frisby, 88. 
--on the ·Wreak, 44, 91. 

Gaddesby, 20, 23. 
Garnets at Bntzil \Vood, 8, at Buddon 

Wood, 9. 
Gas ·Works, 71,85. 
Gilroes Reservoir, 87. 
Gimson &; Sons, Church Gate, \Vells 

at, 76, SS. 
--& Co, Vulcan Street, Well 

at, 76. 
Glacial beds, 43-55. 
Glen Par va, 92. 
-- --Brickyard, 16. 
-- --Station, 26. 
Glenfield, 9I. 
--Tunnel, 45. 
Goadby, 34, 52. 
Gotham, 4. 

Gonty's Dye Works, Section near, 87. 
Granite, Horizontal grooving of, 10. 
-of illountsorrel, 7-10. 
Granby Street, 7fl, 80. 
Grange Lane, 82. 
Gravel, 4, 44-52, 55, 56. 
Great Glen, 26. 
Grey Friars, 79. 
Grimstone, 5:3. 
Groby,91. 
--Slates, 7. 
Grooving of granite, 10. 
Gwash, River, 36, 37, 42. 
--Valley, 59. 
GypSlllll, 4, 12. 

Hallaton, 29, 34, 36, 38, 39, 42, 48, 54. 
--Ferns, 38, 41. 
Hanmers Lodge, 28. 
HARRISON, W. J., 15-17, 22, 28. 
Havelock Street, 82. 
Hawcliff, 10. 
Height above the sea, 1. 
Hinckley Road, 12,78, 81. 
Hoby, 23, 44-46, 53, 90. 
HODGES, L., 18, 83, 84. 
Hodges & Sons, Well at, 75. 
HODSON, G., 92. 
HOLDSWORTH, J., 28, 88. 
Holy Bones, 79. 
Hone Stones, 39. 
Horsefair Street, 80. 
Houlback Lodge, 30. 
Hugglescote, 53. 
HULL, PROF. E., II. 
Humber Stone, The, 116. 
HUlllberstone, 19, 56, 59, 78. 
--Asylum, 15. 
--Brick Works, 12. 
--Gate,80. 

lllston on the Hill, 21, 33. 
--Grange, 52. 
--Hall, 29. 
Industries, 3. 
Inferior Oolite, 41, 42. 
Infirmary Square, 82. 
Ingarsby, 32, 88. 
--Station, 24. 
--Tunnel, 24, 53. 
Ironstone, 3, 21, 23, 37. 
ISLER AND Co., )IESSRS., 68, 69, 71, 

90. 

J arrom's Wells, 79. 
Jessop and Co., Well at, 77. 
Jet, 39. 
JOHNSTON-LAVIS, H. J., 10. 
JUDD, PROF. J. W., 21-23, 26-31, 

33, 35-41, 46. 
JUKES, PROF., J. B., 12, 28. 
J unction of the Keuper :Marl and 

Granite, lO. 
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Kegworth, 4, ;)6,57. 
Keuper beds, 11-15. 
Keyham,24. 
Keytnorpe, 38. 
--Park, 39. 
---Wood, 34. 
Kibwortn, I. 
Kilby Bridge, 4, 26. 
Kinchley, 9. 
Kirby Bellars, 23, 53, 58, 89. 
Kirby :Jluxloe, 11, 53. 
Knighton, 25, 26, 54. 
---Church, 16. 
--Church Road, 84, R5. 
--Fields, 67. 
--Street, 82. 
--Tunnel, 12. 
Knob Hill, 38. 
Knossington, 1, 4, 37, 49, 59. 

Lancaster Street, 80, 82. 
Landsdown Road, 1'5. 
Langmore &; Bankhart~, Well at, 71. 
Launde, 37, 38. 
----Big Wood, 42. 
--Park Wood, 41, 42. 
Leadennall Street, 80. 
Leesthorpe, 26. 
LE GRAND &; SUTCLIFF, MESSRS., 

68, 70, 71, 93. 
Leicester, 1, 3, 4, 11-13, 15-19, 45, 

47, 48, 52-57, 60-87, 116. 
--Abbey, 45. 
--Brewing and :J1alting Co., Bor-

ing at, 69. 
--Forest, 53. 
--'Vaterworks,7l. 
Leighfield, 37. 
Lewin Bridge, 14. 
Lias, 21-40. 
Life Hill, 32,52. 
Lime, 4, 40. 
List of Fossils, 95-115. 
Little Dalby, 26, 59. 
--Stretton, 26. 
Littleton Street, 87. 
Lodge Farm boring, 61, 62, 73, 74. 
Loddington, 36, 40, 42, 58, 59. 
London Road, 68, 77. 
Loseby, 24, 27, 53. 
--Brickyard, 27, 28. 
--Station, 32. 
Loughborough, 53, 56, 57. 
Lower Brown Street, 75, 80. 
Lower Lias, 21-29. 
Lunatic Asylum, 80. 

Map of North Evington, 73. 
Maplewell Series, 7. 
Marefield, 26, 5l. 
Market Bosworth, 53. 
Market Place, 80. 
Marlstone, 29-37. 

:JIARRIOTT, J., 34. 
Mass of Oolitic limestone. 52. 
MATHER &; PLATT, ~IESSRS., 67. 
~Ielbournp Road, 78. 
}Ieltoll :JIowbray, 46, 56, 93. 
:JIere Road, 64. 
:JIicroscopic character of rocks 116 

117. ' , 
:Jfidland Railway, Excavation at the 

78. ' 
:JIiddle Lias, 29-37. 
:JIill Lane, 82. 
-- --'Ybarf, 8l. 
:JIineral character of the granite, 

8,9. 
:Jloody Bush Stone, 116. 
:Jloor Hill Lodge, 38. 
:Jlountsorrel, 1, ;3, 7,8, 10, 57. 
:Jlowmacre Cottage, 87. 
-- Hill, 78. 

Narborough, 1. 
-- Road, 78, 8l. 
-- 'Vood House, 14. 
N ewarke, 79, 82. 
-- Street, 79. 
Xewfoundpool, 54, 78. 
New Parks, 7l. 
N orman ton on Soar, 53. 
Northampton Sand, 41, 42. 
North Evington, Plan of, 73. 
Northgates, 86. 
N oseley Hall, 34. 
Nunckley, 10. 

Oadby,45. 
Oakham, 94. 
Old Gas Works, 80. 
-- Key thorpe, 34, 35. 
Orton Street, 86. 
Oxford Street, 75. 
Ouston, 1, 26, :n, 49, 50, 59. 
-- Woods, 52. 
Outliers, 41. 
Over -tp of the Keuper Marl, 8. 

PATTISON, J. L., 88. 
PAUL, J. D., 24, 45, 52, 67, 68, 116. 
Physical character of the country, 2 
Pickhard &; Sons, Well at, 75. 
Pickwell, 30, 31, 40. 
Pleistocene, 43-55. 
Plan of North Evington, 73. 
PLANT, JAMES, 14, 25, 26, 57, 60, 61 

63, 66, 68, 72, 74, 75, 78. 
--JOHN,15. 
Pre-Cambrian Rocks, 7-10. 
Pre-Glacial features, 2. 
Products, Economic, 3, 4. 

Quarries at Crown Hills, 74. 
Quartzose Sand, 45. 
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Queniborongh, 20, 23, 89. . 
QUILTER, H. E., 16, 18, 21, 2;), 26. 

Ranbborough Hill, 1, 30, J2, 52. 
Ratcliffe, lei. 
--RC. College, 58, 91. 
Raven &: Co., Boring at, 7i. 
Rawson Street, 80. 
READE, J. :Jr., II. 
Rearsby, 4J, 89. 
Recent beds, 56, 57. 
Heddish Wood, 36. 
Regents Road, 80. 
Rhcetic beds, 15~20. 
Bichmond Road, 85. 
--Street, 82. 
River Gravel, 56. 
Hobin >1 Tiptoes, J2, 58. 
Hocks, Microscopical charactl:'r of, 

116,117. 
Rocott, 31, 40. 
Rolle:;ton, 1, 29, 33, 52, 58. 
Bothley, lJ, 53. 
Rother!>y, H~J6. 
Rowley Fields, J5. 
Hnding Street, 86. 
Ruuby, 52. 
Rust & Co., Well at, 76, 79. 
Rutland Street, 79. 
RUTLEY, F., 29. 

St. John's Stone, 45, 116. 
St. :Jlargaret's Church, 86. 
--Works, 77. 
St. }Ia~y':; Church, 82. 
St. )Ticholas Square, 7G. 
--Street, 80. 
St. Peter's Boad, 84. 
St. Stephen's Road, 78, 80. 
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Sandblasts acting on graIllte, 10. 
Sandstone, Upper Keuper, 12-14. 
Sanvey Castle, 37. 
--Gate, 83, 86. 
Sarah Street, 86. 
Saxby,9J. 
Saxelby, 5:3-
SCOIWIE, N., 86, 87. 
Scott & Sons, Well at, 7i. 
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-- --Key thorpe, 35. 
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Section at Leicester, .J:!, 79-8i. 
-- --Loseby, 27,28. 
-- --Ouston, 31, 50. 
-- --Rotherby, 46. 
-- --Slawston Hill, 3J. 
-- --Spinney Hills, li~19, 47. 
-- --Stocking Farm, 48. 
-- ~ --Tilton, 30. ., ~ 
Section showing general p()SltlOn of 

the strata, 5. 
SEDGWICK, REI'. PROF. A., 28. 
Selenite, 39. 
Shakerstone, 53. 
Shoulder of ~Mutton Hill, 12. 
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CAERMARTHENSHIREt,-37, 38,40, 41, 42 NW, SW, 56 SW 

57 SW, SE. 
CAERNARVONSHIREt-74 NW, 75, 76,77 :l<, 78, 79 NW, 

SW. 
CAMllRIDGESHIREt,-46 NE, 47', 51*, 52 SE, 64*. 
CARDIGANSHIRE t,-40, 41, 56 NW, 57, 58, 59 SE, 60 BW. 
CHESHIRE,-73 NE, NW, 79 NE, SE, 80, 81 NW*, SW*, 

88i'lW. 
CORNWALLt,-24t, 25t, 26t, 29t, 30t, 3lt, 32t, & 33t. 
CUMBERLAND,-98 NW, SW*, 99, 101, 102, NE, NW, SW*, 

106 SE, SW, NW, 107. 
DENBIGHt,-73 NW, 74,75 NE, 78 NE, SE., 79NW, SW, SE, 

80SW. 
DElUlYSHIREt,-62 NE, 63 NW, 7l NW, SW, BE, 72 NE. 

72 SE,'81, 82, 88, SW, BE. 
DEVONBHIREt,-20t, 21t, 22t, 23t, 24t, 25t, 26t, & 27t. 
DORSETSHIRE,-15, 16, 17, 18, 21,22. 
DURHAM,-102 NE, SE, 103,105 NE, SE, SW, 106 SE. 
ESSEX,-l~, 2*, 47*, 48*'. 
l!'LlNTSHIREt,-74 NE, 79. 
GLAMORGANSHIREt,-20, 36, 37, 41, & 42 SE, SW. 

GLOUCESTERSHIREt,-19, 34*, 35, 43, NE, SW, SE, 44*. 

HAMPSHIRE,-8t, 9t, 10" 11 t, 12*, 14, 15, 16. 
HEREFORDSHIRE,-42 NE, SE, 43, 55, 56 NE, SE. 

HERTFORDSHIRE,-lt NW, 7*, 46,47*. 
HUNTINGDON,-51 NW, 52 NW, NE, SW, 64*, 65. 

K1ilNTI,-It SW & SE, 2t, 3t, 4*, 6*. 
LANCASHIRE,-79 NE, 80 NW*, NE, 81 NW, 88 NW, SWt, 

89, 90, 91, 92 SW. 

LEICESTERSHIRE,-53 NH, 62 NE, 63*, 64*, 70*, 71 SE, 
SW. 

LINCOLNSHIREt,-64*, 65', 69, 70*, 83', 84*, 85*, 86*. 
MERIONETHSHIREt ,-59 NE, SE, 60 NW, 74, 75 NE, SE. 
MIDDLESEXt,-lt NW, SW, 7*, 8t. 
;\lONMOUTHSHIRE,-35, 36, 42 SE, NE, 43 SW. 
MONTGOMERYSHIREt,-56 NW, 59 NE, BE, 6D, U RW, 

SE., 
NORFOLKt,-50 NW\ NE*, 64*, 65*, 66*,67*, 68*, 69. 
NORTHAMPTONSHIRE,-64*, 45 NW, NE, 46 NW, li2 NW, 

NE, SW, 53 NE, SW, & BE, 63 SE, 64. 
NORTHUUBERLAND,-102NW, NE, 105,106, 107,108*, 109, 

llO. NW*, SW*, NE*, SE. 
NOTTINGHAM,-70*, 71* NE, SE, NW, 82 NE*; SE*, SW, 

86,87* SW. 
OXFORDSHIRE,-7', 13*, 34 '. 44*, 45*, 53 SE', SW. 
PEMBROKESHIREt,--38, 39, 40, 41, 58. 
RADNORSHIRE,-42 NW, NE, 56, 60 SW, SE. 
RUTLANDSHIRE,-this county is wh()lly included within 

Sheet 64*. 
SHROPSHIRE,-55 NW, NE, 56 NE, 60 NE, SE, 61, 62 NW, 

78; 74 NE, SE. 
SOMERSETSlIIRE t,-18, 19, 20, 21, 27, 35. 
STAFFORDBHlRE*,-54 NW, 55 NE, 61 NE, SE, 62, 63NW. 

71 SW, 72, 73 NE, SE, 81 SE, SW. 
8UFFOLK,-47*, 48\ 49*, 50*, !U*, 66* SE*, 67*. 
SURREY,-1 SWt, 6t, 7*, 8t, 12t. 
SUSSEX,-4*, 5t, 6t, 8t, 9t, 11t· 
WARWlC'KSHIRE,-44*,45 NW,53*, 54, 62 NE, SW, SB, 

63NW, SW, SE. 
WESTUORLAND,-97 NW*, SW*, 98 NW, NE*, SE*, 101, 

BE*, 102. 
WILTSHIRE -12', lS*, 14, 15, 18, 19t, 34*, and 35t. 
WORCESTERSHIRE,-43 NE, 44*, 54, 56; 62 SW, 1\]11. 61 

SE. 
YORKBHIRE1,-S5-88,91 NE, BE 92·97* 98NE* BE*, 102Nll. 

SE, 103 SW, SE 104. 

See also New S.,ie8 Maps. 
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PHEFACE. 

The country described in this Memoir is situated in the 
westel'll part of the London Basin. The Chalk and overlying 
Eocenc strata are gently inclined to the S.E., and over their 
eroded surfaces have been spread dnring Pleistocene times 
various grayels and loams, of which the high level or plateau 
deposits have suffered considerable erosion. 

The district is one in which the action of rivers and 
changes in their conrses are conspicuously shown, a subject 
which has been dealt with by Mr. H. J. Osborne White and 
others, but which cannot be discussed without reference to 
a much larger area than that under consideration. 

Geologically the area, was the scene of some of the early 
labours of Prestwich, the fine sections of the mottled plastic 
clays so long worked as tile-earth hftving led him to adopt the 
~lame Reading Beds for the varied group of stratft whicn here 
mteryenes between the Chftlk and London Clay. The subsequent 
rese,ll'ches of :'\Ir. 'Whitaker ftncl others who carried on the 
original one-inch survey, and of Mr. Jukes-Browne who gathered 
information relating to the Cretaceous rocks, have been sup
plemented by notes made by Mr. J. H. Blake and Mr. F. J. 
Bennett c1nring the more detailed survey on the six-inch scale, 
which WftS carried on under the superintendence of Mr. 
Whitaker. .i\Ir. Blake had neftrly completed the MS. of this 
memoir at the time of his death in 1901. 

Mr. H. W. Monckton then kindly offered to edit the MS. for 
publication, an offer gratefully a'ccepted. He has retained 
practically all of Mr. Bbke's notes, but has freely inserted 
additions from his own note book, many of the observations 
having been made in company with Mr. Blake. These additions 
relate more particulftrly to the chapters on the Superficial 
Deposits, for which Mr. Monckton is thus to a considerable 
extent responsible. 

The map has not at present bcen printed in colours, but. two 
editions, with and without Drift, were issued hand-coloured in 
1898. 

Geological Survey Office, 
28, Jermyn Street, London, 

~5th March, 1903. 

J. J. H. TEALL, 
Director. 

6150. 500-Wt. 18.39. 5/03. Wy. & S. 3771'. 
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GEOLOGY 

OF THE COUNTRY AROUKD 

R E A"D IN G. 

CHAPTER I.-INTRODUCTION. 

Sheet 268 of the Geological Survey Map represents an area uf 
216 square miles; that portion on the north of the Thames being 
in Oxfordshire, and the remainder in Berkshire, with the ex
ception of a somewhat irre3"ular narrow strip along the south, 
which is in Hampshire. " 

Reading, the capital of .Berkshire, is situated near the central 
part of the area; and the town of W okingham stands on the 
eastern edge. The most important villages are Goring, \Vhit
church, Mapledurham, Caversham and Shiplake in Oxfordshire; 
Streatley, Pangbourne, Bradfield, Theale, Burghfield, Aldennaston, 
Stratfield Mortimer, S wallo wfield, Sonning, Twyford. and "War
grave in Berkshire; and Silchester, Stratfieldsaye, and Eversley 
in Hampshire. 

The area is drained by the river Thames, and its tributaries, 
the Pang, the Kennet, and the Loddon, together with minor 
streams. 

The Thames enters the district between Streatley and Goring, 
flows in a south-easterly direction to Reading, when it turns 
to the north-east and eventually to the north, and leaves the 
district soon after passing vYargrave. 

The Pang enters a little north of Hampstead Norris, flows 
southerly, then in an easterly direction to Stanford Dingley, 
from there north-easterly to Tidmarsh, and northerly to its 
junction with the Thames at Pangbourne. 

The Kennet enters near Thatcham Railway Station, flows in an 
easterly direction to Aldermaston, where it is joined by a 
tributary the Enborne flowing from the south-east; it then 
flows north-easterly to near Theale, and from there easterly to 
Whitley, where a tributary, the Foundry Bl'ook, flowing from the 
south past Silchester and Stratfield Mortimer, with branches 
from near Mortimer and Burghfield Commons, unites with 
it; it then flows northerly and easterly through the town of 
Reading, on the north-eastern side of which it joms the ThalYl,es. 

M~ B 



6 GEOLOGY OF READlXG. 

The Loddon enters at Stratfieldsaye Park, flows in a northerly 
direction for about a mile and a half, then north-easterly and 
northerly to its junction with the Thames between Shiplake and 
vVargra,e, where it is di,ided into two streams. At Swallowfield 
Park it receives the united streams of the BlachuateT and White
water; and further north is fed by a stream flowing from the 
south and wost of Bearwood: and bv another west of Hurst, 
flowing from the south of 'Vokingham~ * 

The following is a list of the geological formations which are 
shown on the map by distinctive colours:-

RECENT -

PLEISTOCENE -

EOCENE -

CRETACEOtTS -

- { 

( 
- l 

Alluyium. 
Tufa. 
Loam. 
Vallev Gra yet 
Clay-\vith-fiints and Loam (over-

lying chalk). 
Plateau Gravel. 
Pebble Gravel. 
Upper Bags40t Beds. 
Bracklesham Beds. 
Lower Bagshot Beds. 
London Clav. 
Reading Beds. 
Upper Chalk. 
MIddle Chalk. 

* The history of some of the streams in the Kennet-Thames area has lately 
been dealt with by ~Ir. H. J. O. White, Proc. (leol. Assoc., vol. xvii., p. 399. 



CHALK. 7 

CHAPTER n.-CHALK. 

This formation is divided into Lower, Middle, and Upper 
Chalk, but only the Middle and UpJ.>er Chalk come to the 
surface in this district. At Winkfielcf, m Windsor Forest, how
ever, a boring passed through the whole formation, and the 
thickness was found to be 725 feet, of which 219 feet was 
Lower Chalk, 169 feet Middle Chalk, and 337 feet Upper Chalk." 

The Chalk exists throughout our district, but is only found 
at the snrface over a comparatively small part, for, in the 
southern half of the area and in parts of the northern half, 
it is covered by Eocene strata often of great thickness, and in 
other parts the Chalk is hidden under beds of Drift. 

MIDDLE CHALK. 

The Middle Chalk is divided into two zones, namely---. 
2. The Zone of Terebratulina (Fig. 2). 
1. The Zone of Rhynchonella Ouvim'i (Fig. 1). 

FIG. l.-Rhynchonella Cuvieri, 
d'Ol'b. (twice natural 
size). 

FIG. 2. - Terelratulina gracilis, var. 
lata, Etk. (thrice natural 
size). 

The zone of Rhynchonella Ouderi consists of a rubbly 
yellowish chalk in which nodules of flint seldom occur, and its 
base is usually marked by a hard, nodular, chalky limestone 
known as the Melbourn Rock, which does not, however, come 
to the surface in our area. 

The zone of TC1'ebratulina consists of smooth white chalk 
and in it nodules of flint are oecasionally to be found. It ha~ 
been termed the zone of Terebratulina gracilis, but it is 
now known, through the researches of Dr. IF. L. Kitchin, 
that this species does not occur below the uppermost division of 
our Chalk; the name to be used for the species of .Terebmtulina 
in the Middle Chalk has yet to be decided; it has been called 
T. g1'acilis var. lata., by Mr. Etheridge. 

The Middle Chalk runs down the Thames Valley from Goring 
and Streatley by Basildon to Pangbourne . 

.. "Water Supply of Berkshire," Mem. Geol. Survey, 1901, p. 95. 
See Whitaker and J ukeB-Browne, Quart. Journ. Geol. Soc. vol. 1., p. 496 (1894). 

6160. B 2 



8 GEOLOGl OF READIXG. 

The following note of the details of exposures are by Mr. J ukes
Browne:-

No ()utcrop of Melbourn Rock could be found in this clistrict 
or south of Monlsford, but the old quarry by the road-cutting 
through the ridge, about one and a half miles north of Streatley, 
exposed hard yellowish lumpy chalk, which is belieyed to belong 
to the zone of RhJJ?lcllOllcllu CU1'ieri, at no great distance above 
the .Jlelbourn rock, although no fossils were discovered in it; the 
weathered bce has a disintegrated rubbly appearance, and the 
bedding is indistinct, but the mass included large irregular lumps 
ofyery hard chalk; features which are also developed in the chalk 
of this zone at Cleeye Hear Goring'. 

It was therefore inferred that the .Jlelbourn Rock came to the 
surface on the slope between this road and the river, passing 
thence below the gravel and reaching the level of the alluvium 
a little to the north of Streatley. A small pit in the field a 
quarter of a mile south-west of Streatley Farm exposed a few 
feet of similar hard chalk. 

On the eastern side of the yalley the lower part of the Middle 
Chalk is well exposed in the railway-cuttings a little out of this 
district to the north of Goring, and at several points along the 
riyer-bank also just north of the district. The first cutting 
north of Goring Station is about 30 feet deep; the lowest beds 
in the centre are hard and full of fragments of Inoceramus, and 
form regular courses from one to two fect thick; the higher beds 
are less hard, and about half-way up the face a single egg-shaped 
flint ,,'as fOllnd, but the whole of the chalk has a yellOWIsh tinge 
and probably belongs to the zone of Rhynchonella Cuvieri. 

On the sa me side of the valley the upper part of the Middle 
Chalk is exposed in a pit on the slope above Gatehampton 
Farm, which cannot be far below the Chalk Rock; it shows:

Tough white chalk without flints 
~oft aIHl lmfrcoloured marl 
Firm "'hite chalk '\'ith nodules and seams of 

flint, and hroken Inocemmus 

Ft. m. 
10 0 
o 6 

16 o 
111c surface of the hed underlying the Ularl is hard and 

nodular. . c 

The uppermost bells, passinfO' up into Chalk Rock, are also 
seen in the road-cutting e;tst 0 Goring. (See p. 10.) 

The outcrop of the TC1'cbminlina zone was found in the 
road-cutting west of Streatley at a level of 315 feet. Thence it 
passes along the steep slope of Green Hill, its level gradually 
falling along the slopes to the southward. 

UPPER CH ALK. 

The Upper Chalk consists of soft white chalk, more or less 
eyenly bedded, with numerous irregular nodules of flint along 
the planes of beading and sometimes in the chalk between. 



CHALK. 

Thin seams of tabular flint occasionally occur along the bedding
planes, or fill fissures or joints inclined at various angles to them. 
At its base is the Chalk Rock, a cream-coloured limestone with 
glauconitic grains and many green-coated nodules. 

The Upper Chalk is divided into several zones, only the three 
lower of which have been identified in our district, namely-

3. The Zone of Micraster coranguinum, Leske. (Fig. 3.) 
2. The Zone of Micraster cm·testudina?·itwi-, Goldf. 
1. The Zone of Holaste?' planus, Mant. (Fig. 4.) 

The following account is by Mr. Jukes-Browne, and will appear 
in his Memoir on the Cretaceous Rocks, Y01. III. 

FIG. 3.-Micraster coranguinum, 
Leske. 

FIG.4.-Holast.el' 
planus, lIIant. 

I.-Zone of Holaster planus. 
The zone of Holaster planus includes ~he Chalk Rock, which, 

Il.S has been said, forms the base of the U ppel' Chalk. 
The average thickness of the zone in the Thamos Valley is 

about 20 feet. 
A good seotion of this ZOllO was oxposed in an old quarry facing 

the Thames in Harts-lock 'Wood opposite Basildon. The upper 
30 feet of the quarry-face being inaccessible, only the lower part 
was measured, the rest being estimated by eye ;-

Feet. 
White chalk with flints about 12 
Soft white chalk without flints - ,,2 

m 
~ 

Soft powdery chalk with hard lumps which weather 
out prominently j contains a few scattered flints 
and a layer of flints at the base. Micraster 
common -about 16 

j 
p... 

o::l J'Hard compact rock with a layer of green-coated 
'+-< nodules at top j below it passes into lumpy white 
~ Chalk chalk - - - - - - - - -
§ Rock. ~ Hard yellowish rock full of green-coated nodules in 
~ I the upper six 6 inches, compact below but passing 

l into nodular chalk - - - - - -

2 

3 
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{

Less nodular white chalk passing into massive white Feet 
Middle chalk - - - - - - - - - 6 
Chalk. Layer of grey marl just seen 

Talus hiding lower beds - - - - - - 20 

There was no sign here of any rock-bed at the summit of the 
lumpy chalk, but the soft white chalk may be regarded as the 
base of the zone of Micraster cortestudinarium. The Chalk 
Rock below has but few fossils. 

Another good section, where every bed can be easilv examined, 
is in the road-cutting on White Hill, east of Goring, and may, 
perhaps, be given though it is just beyond our district. Here 
the upper limit of the zone is marked by a thin bed of yellowish 
rock. The beds seen were as follows;-

Soft white chalk with a layer of flint about half an inch 
thick at the base-

Hard yellowish rock in loose lumps, but without 
nodules. Ventriculites. 

Nodular chalk, consisting of hard limestone lumps 
embedded in loose powdery chalk with a few 

Ft. in. 

Ii 0 

1 0 

scattered flints - 12 0 
Hard white limestone, without green grains, pass-

ing down into very hard compact yellowish 
rock full of green grains, with several layers of 
green-coated nodules (Chalk Rock) - 5 0 

CD • {Hard rock without green grains passing down :g ~ into rough nodular chalk - - - - 2 0 
:@ 0 Layer of soft shaly marl - - - - 0 3 

Firm bedded white chalk - - - - - 4 0 

about 30 

Micraste?' is rare at this place, but Echinocorys scutatus, 
Spondylus spinosus, and Terebratula carnea occurred in the 
nod ular beds. 

2. Zone of Micraster cortestudinarium. 

The average thickness of this zone in the Thames Valley is 
about 60 feet, and there seems to be some thickness of chalk, 
exposed in several pits, which is referable to it. 

There is a quarry at Whitchurch which may possibly be in 
the Chalk of this zone, but no fossils have been obtained from it, 
and it is more likely to be in that of Ai. corang'uinum, which 
continues tllf\nce to Reading. ' 

Part of the zone is well exposed in the railway-cutting west 
of Pangbourne, where the beds are bent up into a slight anticlinal 
curve as represented in Fig. 5. The fault is of small importance, 
havin'O' a throw of only about 2 feet. The flints are black 
inside~ with a very thin" rind, and some of them are cavernous. 
Echinocorys sClltatus was the only fossil seen. 
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FIG. 5.-Sketch in the Railway.cutting west of Pangbourne. 

10. Chalk with some flints 
9. A continuous seam of flint 
8. Chalk without flints 
7. Chalk with three layers of flint nodules 
6. Chalk with a few flints . 
5. Yellow rocky chalk, with some flints 
4. Chalk with scattered flints 

Ft. in. 
o to 6 0 

o 3 
4 0 
5 0 

10 0 
o 9 
4 0 
1 0 
2 0 

3. Hard yellowish rocky chalk . 
2. Rough chalk with flint nodules 
1. Massive homogeneous chalk seen for 1 3 

30-34 0 

3. Zone of Micraster coranguinum. 

Along the valley of the Thames the thickness of this zone is 
about 200 feet. Exposures are numerous, and the follow
ing account has been drawn up from the records published by 
Professor Barrois, * supplemented by notes furnished by Mr. W. 
Hill, and ]\fr. J. Rhodes. 

Being unable to indicate any particular bed as the top of the 
zone of ]}f. cortestudinariwn, and fossils being scarce in the beds 
which form the passage from it to the zone of ]}f. coranguinum, we 
cannot be sure about the zonal horizon of some exposures. It 
is probable, however, that the chalk se8n at ·Whitchurch belongs 
to the M. coranmlin IlllL zone, and, if so, then all the chalk seen in 
the numerous quarries along- the Oxford side of the river from 
\Vhitchurch to Ship lake will belong to the same zone. 

The exposure at Whitchurch is north of the village, behind 
the school-house on the main road, and in 1885 it showed a 
vertical face of chalk with many layers of flints. The chalk 
is firm, but not hard; the flints occur in layers, or courses, 4 to 
6 inchei thick, full of flints crowded together, and these courses 
are from 2 to 3 feet apart; there are also some scattered nodules 
between the courses, and some thin continuous seams of flint. 
I did not notice any fossils, but could not give time to the search. 
Dr. Barrois mentions a qm.rry " north of Pangbourne" which he 
refers to the zone of ]}f. col'lestuclinarium; it can, however, hardly 
be this one . 

.. Recherches sur Ie Terr. CrM. Sup., p. 148. (1876). 
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Another quarry was visited by Dr. Barrois, one kilometre (0·62 
mIle) east of Whitchurch, and from his description it appears to 
be in similar chalk. He obtained the following fossils :-

Inoceramus involutus. Echinocorys gibbus. 
"Cuvieri. l\1icraster coranguinum. 

Rhynchonella plicatilis. Starfish remains. 
Cidaris clavigera. l Porosphrera globularis. 

At Mapledurham and at Chazey Farm, west of Caversham 
there are quarries which are unquestionably in the zone ot 
.M. cm'anguinum, the chalk being soft, white, with few perfect 
fossils, but many fragments of large Inocerami; the flints are 
in layers from 2 to 3 feet apart, and some of them have a 
cloudy white band, while others are cavernous and contain 
numerous Bryozoan remains. The quarry at Chazey Farm is 
about 1)0 feet deep. 

At Caversham there is another large quarry, the chalk of which 
Dr. Barrois referred to the zone of Marsupites, which overlies the 
zone of Micrastm' coranguinum, but he did not find any plates 
of Marsupites, and Mr. Hill, who has recently visited it, saw no 
reason for separating this chalk from that of Chazey Farm, its 
general aspect being the same, the flints nearly as numerous, 
and no layer of yellow nodules nor any other special feature 
being visible in either quarry. Dr. Barrois describes the chalk 
of the Caversham quarry as" white and soft, with layers of flints 
from 3 to 6 feet apart. These flints are black, with a thin white 
skin; some are cavernous, others in tabular layers; their shape 
is irregular, generally flattened in the direction of the stratifica
tion." He found th\:l following fossils :-

Inoceramus (rare). Cidaris clavigera. 
Lima Hopf'l'i. " hirudo. 
Spondylus. Micraster coranguinum. 
Rhynchonella plicatilis, Bourgueticrinus ellipticus. 
Serpula granulata. Porosphrera globularis. 

It will be observed that there is nothing here specially char
acteristic of the higher zone, no Belemnite nor Offaster pillula. 

There are several pits between Caversham and Shiplake, and 
Mr. Hill reports them all to be in chalk with many layers of 
flints, with very few fossils, and without special featurcs. He 
refers them all to the M. coranguinum zone. 

South-east of Wargrave, in Berkshire, is a large quarry, 60 feet 
deep in similar chalk, and the same chalk can be seen at several 
places on the river slope between Wargrave and Park Place. 

A. J. J.-B. 

Returning to the .Ghazey Farm pit, it was noted t~at numerous 
irregular-shaped flmts, and also some tabular flmt, oc~urred 
along the lines of bedding, and a few flints here and there m the 
solid chalk between the bedding. 1he upper part was very 
rubbly and thinly bedded in places, wh~reas the lower pa.rt was 
rather thickly bedded, the beds averagmg from 1 foot 6 Inches 
to 2 feet or more in thickness. 
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A flint-cast of a large ~mmonite of the [Hapl.] lepto;E!hyUus 
group from the chalk cuttmg on the Great Western RaIlway at 
Waltbam, is in the collection of Mr. LL Treacher of Twyford. * 

FOSSILS FROM THE UPPER CHALK. 

/>~~ 

';/»~I\f 
FIG.o.-Rhynchonella 

plicatilis var. octoplicata, Sow. 
FIG. 7.-Echinocorys scutatus, 

Leske (1 natural size). 

The Rev. W. Buckland gives the following account of the 
Chalk at Catsgrove [Katesgrove] Hill Brick Kilns, Reading:-

The chalk is quarried below the green sand containing oysters 
[Reading Beds] to the depth of about 25 feet, when the workings 
are stopped by water at a point nearly on a line with the level of 
the River Kennet. . . . In this thickness of 25 feet of chalk, there 
is but one regular and continuous course of flints, and in this 
they are disposed in tabular masses, for the most part of about 
two inches in thickness. (This bed is but a few feet above the 
water.) In the chalk that lies above this silicious stratum, the 
flints are disposed irregularly with their usual characters and 
eccentric forms, derived, in many instances, from the organic 
remains which they envelope. They are collected for the use of 
the porcelain manufactories. The chalk itself is extracted 
largely from under the sands and clays, by means of shafts and 
levels, to be burnt into lime. t 

The following notes are by Mr. F. J. Bennett :-
The Upper Chalk with flints is seen at the surface in the 

north-western corner of the area, and disappears under the 
Tertiaries at Stanforcl Dingley, the river there being on the 
buundary. 

Its thickness there has been estimated at 300 feet. A well 
at Woodrow's Farm south-west of Aldworth, at which place 
there is an outlier of Reading Beds, is 300 feet deep, and Chalk 
Rock seems to have been touched at that depth; and as there 
was no great thickness of Reading Beds this seems to agree 
fairly well with the estimate. 

• H. J. O. White, Proc. Geol. Assoc., vol. xvii (1901), p. 177 . 
. t Trans. Gwl. Soc., vol. iv. (1817) p. 280. 
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At Applepie Hill, about a mile and a quarter west of Aldworth 
Church, a small pit shows some chalk with flints. 

Chalk with flints is also seen in the road-cutting one and a 
quarter mile south-east of Aldworth and in a large pit just west 
of Hartridge Farm where there is 15 feet of it. 

In the railway-cutting just south of Hampstead Norris Station 
there is greyish much broken-up chalk with nodular fiints,with a 
yellow marly band in the middle, sho"\\'ing- a dip of7 c S. Alittle 
east of Ealing Farm is a large chalk pit wIth nodular and tabular 
flints; a small fault is seen in the pit. 

Chalk is exposed in most of the valleys in the north-western 
part of the area, and the fields are in many places thickly 
covered with flints. 

There are several chalk pits near the junction of the Chalk 
with the Tertiaries: these have been opened for the purpose of 
getting chalk for dressing the heavy Tertiary clays. There are 
large pits near Stanford Dingley.-F .. J. B. 

Some extensive galleries were found in the chalk at Yattendon, 
in 1819. They are described * by 'V. H. Brewer as consisting 
" of various passages intersecting one another; the roof formed 
with no contemptible skill, and supported by square pillars hewn 
out of the chalk." 

• The Gentleman's Magazine, 1822, p. 4l6. 
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CHAPTER Ill-READING BEDS. 

There is a great break in time between the Chalk and the 
Reading Beds which are here found resting upon it; for not 
only are the highest beds of the Chalk wanting in this area 
but a considerabIe series of Eocene strata which in other places 
is found below the Rearling Beds is also absent. The Reading 
Beds accordingly here lie upon a greatly but evenly eroded 
surface of Chalk. 

They consist of variously coloured mottled plastic clays and 
more or less loose sands, the former generally occurring in the 
upper part of the formation, and varying from about 30 to 50 
feet in thickness, ·while the sands are found beneath with a 
thickness of from 20 to 40 feet. The" bottom-bed" consists of 
stiff dark bluish-grey clay, which is sumetimes laminated, 
interstratified with brown and olive-green glauconitic sands. It 
is very persistent and usually from about 7 to 10 feet in thick
ness. The whole formation in this area varies from about 70 
feet or less to 80 feet in thickness. 

The main mass of the Reading Beds extends beneath the 
surface in the southern half of the district and at its ontcrop 
forms a narrow band running nearly east and west. 

Several outliers are found upon the Chalk to the north of the 
main mass. Four of them lie north of the Thames and will be 
first described; those south of the Thames will then be dealt 
with from west to east; and finally the main mass will receive 
attention. 

OUTLIERS.-N ORT!! OF THE THAMES. 

Cray's Pond.-North of ·Whitehurch there is an irregular 
outlier, the northern part of which extenas beyond the district. 
In that part, a little more than half a mile north-east of Cray's 
Pond, there was it brickyard in Claypits \Vood which showed the 
following section :-

Reading 
Beds. 

Chalk. 

f~~ot.tled crimsoIl, grey, amI brown clay 
\Vlllte salld - - . - - -

lBrown and grey clay interstratified with 
800ms of sand (Bottom-bed) - - -

Feet. 
16 

4, 

Other sections also occurred north of the above on Greenmoor 
Hill; one showing a very even line at the junction of the 
bottom-bed (6 feet thick) with the Chalk. 

In digging thc well (331 feet in depth) at the cross-roads by 
Cray's Pond, in 1886, gravel, loam, and clay were passed through, 
and chalk reached, at a depth of 60 feet, according to information 
supplied by the well-digger, John Higgs. 
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At Little Heath, north-west of Cray's Pond, red and brown 
clay was exposed. 

In the southern part of this outlier, there are many small 
exposures of light-coloured sands. South of Cold Harbour Farm, 
a section showed ;-

R d' B d {Crimson and grey mottled clay -
ea mg e s Buff sands, well-stratified _ _ 

Feet. 
1 
6 

Mctpledu/·ha1n.-~With the exception of its south-eastern side, 
this outlier is covered with gravel; making its north-western 
limit doubtful. It is possible it may extend in that direction 
as far as \Vhittles Farm, whcre, in an excavation, 2 feet of red 
clay were cxposed beneath the gravel. The doubtful boundary, as 
shown by a disconneeted line south of Hodmoor Farm, has 
been drawn there as the bottom-bed, eonsisting of brown and 
green sand, was exposed 13 feet beneath the surface in cleaning 
out the pond Ilcar the fork in the road. 

In the eross-roads west of Tokers Green, mottled plastic clay 
was exposed by the side of the road; and mottled yellow and 
grey clay in the road to the west of the Pack-saddl~ Inn. 

"Just above the 'Paek-saddle' there is crimson mottled 
plastie clay; and in sinking chalk-wells in the fields near, about 
20 feet of gravel, loam, and clay have been found above the 
Chalk." * W. W. 

Emmer Green.-This outlier extends from Caversham Grove 
and Oakley House north-east to Rose Hill. 

In Caversham Park 1\1r. \Vhitaker noted i "mottled plastic clay 
some distance below the house, and sand at a higher level east
ward, whilst the hins on the eastern side of the valley consist 
of Chalk, at a much higher level than the Tertiary beds in the 
Park, thu'l indicating a fault with a downthrow on the west." 

A well in the park passed through 30 feet of Reading Beds, 
the upper 24 feet being mottled clay and, at the bottom, there 
were 6 feet of sand on the Chalk. 

At Rose Hill a well showed as much as 61 feet of Reading 
Beds. 

In the eastern part of the outlier a patch of London Clay is 
brought in by three faults arranged in the form of a triangle, 
one of which is that running through Caversham Park, already 
mentioned. 

Mr. Whitaker observed a seetion in a brick-field near Rose 
Hill showing London Clay thrown down by one of these faults 
against the variously coloured mottled plastic clays of the 
Reading Beds. He adds that in a Chalk well about 40 feet of 

*" Geology of the London Basin," ilfon. Geul. Survey, vol. iv., 
1872, p. 202. 

t Loc. cit. 
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clay was passed through before the Chalk was reached and that 
immediately above the latter there was about 3 feet of clayey 
green sands (bottom-bed) with oyster shells at the base.* 

Binfield Heath.-At the kiln, adjoining Comp Farm, the 
following section was exposed :-

Feet. 

Reading Beds { 1lottled crimson and grey clay. 25 
Sand . . . .. 5 

A well-defined fault, with it downthrow of the Reading Beds on 
the eastern side, and with the chalk coming to the surface on the 
western side, passes through the north-eastern corner of the 
wood south of Comp Farm, and continues in a south-easterly 
direction as far as Dunsden Green. The Chalk to the south
east of the wood is at a little higher level than the surface of 
the ground at the above section of Reading Beds, and within 
about 30 yards of the north-western comer of the section, and 
about 80 yards from the south-eastern comer. 

Close to the north-eastern corner of the wood, a well was sunk 
in the Chalk to the depth of 72 feet, '\'ith galleries for obtaining 
the Chalk. 

Referring to previous excavations at the same kiln, Mr. 
Whitaker gives the following descriptiont:-

"In sinking a chalk-well at the Binfield Heath Brickyard the 
Chalk was reached after passing through about 20 feet of the 
Reading Beds. in which. as at Rose Hill, there was but little sand. 
lmmediately above the Chalk was a clayey green sand. When 
the survey was being made, there was a small section showing 
three beds of mottled clay with a dip gradually increasing from 
50 to 15°, about 20° west of south, III which direction, however, 
the Chalk comes to the surface at a higher level, proving the 
existence of a fault with a down throw on the north-east. In a 
chalk pit just below the kiln the dip is 5° to the east, that is in 
a contrary direction to that of the Reading Beds on the down
throw side of the fault. In sinking a well at a house on the 
high road, o-eposite the road leading to the brickyard, plastic 
clay was agam found at a lower level than the Chalk to the 
south-west."-'V.W. 

Many small exposures of the Reading Deds are to be seen 
on the eastern side of the fault. Thus in Sandpit Lane, sand 
and clay was exposed; in Tagg Lane crimson and brown 
plastic clay was seen; whilst on the western side of the fault 
there are chalk pits. 

On the north-western side of the outlier, in a pit in the wood 
south of Dean Farm, clay was seen overlying Chalk; and loam 
and sand in a pit in the northern part of the wood east of Dean 
Farm. 

On the north, exposures were seen at the pond, at Mays Green; 
also on the north-east of High 'Vood, where red sand occurs; 
whilst to the south-east of the same wood a sand-nit showed 
9 feet of well stratified buff sand. L 

* Op. cit., p. 202. t Gp. cit., p. 202. 
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In the central part, mottled red and grey clay was exposed 
beneath grayel, on the south-eastern corner of Oakhouse Wood. 

On the eastern side of th8 outlier, there are sand pits in the 
wood north of Shiplake Row known as Long Copse, where 15 feet 
in thickness of well stratified buff sand was exposed in one pit, 
and 6 feet in another. At Shiplake Kiln, south-east of the wood, 
the following section was seen on the west side of the excavation, 
south of the road ;-

Reading Beds 

Chalk 

(:Jlottled clays -
\ Bluish clay with shells (Bottom-bed) 

Feet. 
- 25 

5 

On the southern side of the same excayation, from 15 to 
20 feet of mottled clays ,yere exposed; and on the northern 
side of the road from 1 to 3 feet of grayel. Drift was seen to 
overlie 25 feet of mottled cla ,·s. 

South of this bricktield, a g'ood section showing from 15 to 20 
feet of mottled clays was exposed in the road-cutting east of 
Shipbke Row. And in the road leading from Shiplake Row in 
a southerly direction to the main Reading Road, mottled red 
amI grey clays were to be seen in the upper part; and sand and 
clay in the lower. 

]n the sf)uthern part of the outlier, red and grey mottled clays 
occur 2 feet bene,lth the surface in the road west of the Metho
dist Chapel; ami in an exc<ly"tion in the wood south of The 
Firs, a section showed I) feet of brown loam and clay. 

OCTLIERS SODTH OF THE THA.MES. 

Bower Fal'm.- "A slllall outlier in the north-western part 
of the district, about hcllf-a-mile north of AId worth, consists 
of « a small thickness of the bottom-bed, with yellow sand above, 
in a hollow in the Chalk."*-,V. 'V. 

Stl·eatley.-In COlllmon ,Vood, on the hill to the south-west 
of Streatley, sand has been excayated in places. 

The following note is by Mr. Bennett;-
AlcZuwrth.-This outli\~r is a little south-west of Aldworth. 

As it is in a hollow in the Chalk it makes no fenture. Small 
sections in it ,U"e to be seen in seyeral places. Half a mile west 
of the church and just north of the road by Pibworth Farm a 
Sl11<l11 pit showed [t little mottled clay over 6 feet of yellow sand. 
A little south-west of this in la meadow is another sand-pit 
with 5 feet of sand. There are two ponds close to the farm 
house; the one north of the house shows 10 feet of mottled d"y, 
and the other, CitSt of the house, also shows clay. A pond close 
to \Voodrow's Farm showed 5 feet of mottled clay, and I was 
informed that the excanLtion for a tank at the house showed 
20 feet of clay. 

*Op. cit., p. 194. 
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Ashampstead.-A little north-eastward of Ashampstead and 
east of Hartridge Farm there is an outlier composed largely of 
sand. It is also in a hollow in the Chalk, and makes no feature. 

Upper Basildon.-This outlier is very well defined and the 
brickyard showed the following section :-

A little pebbly gravel 
A little mottled clay 
Brown mottled clay 5 to to Feet. 
Fine white sand :3 to 10 " 

A shaft sunk in the wood close by to reach the chalk showed 
20 feet of Reading Beds: and, as the ground above rose at least 
10 feet, these beds must here be 30 feet thick.-F.J.B. 

The following notes are by Mr. Whitaker*:-
Yattendoll.-" The Yattenflon outlier occupies the high ground 

between that place and Bradfield, and is capped in two [or more] 
places by London Clay. The pr~jecti()fi on which Yattendon 
stands consists of the bottom-bed with a capping of sand; a long 
section of the former may be seen on the road south of the 
village, and it is also exposed in a chalk-pit on the road to 
l\fanstone Farm. 

" In Lye Wood there is sand, and at its southern end, in an 
old chalk-pit now overgrown with trees, the bottom-bed is just 
visible. It contains green-coated flints, one that I found being a 
cast of a Galerite. 

" At and near Burnthill Common there is sand, capped with 
gravel on the higher ground; and also at Stronds. South of the 
latter place, by Birchland and Hockley Woods, the boundary is 
obscure; but the swallow-holes ser,:,e as guides. In the fields 
north of Heath Wood [SOllth-west of Bottom House Farm] there 
is sand a little distance aboye the Chalk; and along the road 
to Bottom [House] Farm a section of the bottom-bed consisting 
of some feet of bluish-grey clay and sand with green grains, with 
~ebbles in the lower part. This bed is also to be seen in the 
fields west of the road. There is much gl'aYel here, especially 
on the higher ground."-W. vv. 

Sir Joseph Prestwich has noted the beds shown in a brickyard 
at Red Hill, near Howin's Wood, t and remarked that "the 
peculiarity of this section is the occurrence of a patch of angular 
chalk fragments and flints, resembling ordinary gravel, beneath 
the main mass of mottled clay." He gives the following 
section :-

Reading Beds 

Feet. 
Red and purple clay passing down into red 

and green mottled clay, and then red clay :lO 
Angular fragments of chalk, subangular 

flints, and flint.pebbles -
Mottled red and yellow sand 

1 
O! 

Light-coloured sand 6 (7) 

* Op. cit. p. 195. 
t Quart. Journ. Geol. Soc., vol. x. (1854) p. 87. 
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:Mr. 'Vbitaker noted that "at Old Pit, west of Bradfield 
[3 furlongs north-east of' Rushall's Farm] there is sand above 
the Chalk, and in the valley farther west is a swallow-hole. At 
the southcrn end of Hanger Copse [3 furlongs north-west of 
Rushall's Farm] there is a trace of the bottom-bed, and in the 
woods sand; at the old brickyard to the east of Yattendon 
the former is seen to be of considerable thickners, and in it I 
found an internal cast, in iron-pyrites, of a smal Nucula. At 
King's Wood [probably in the small outlier east of Burnt Hill] 
light-coloured sand and clay overlie the bottom-bed." * 

The following notes are by Mr. F. J. Bennett:-
"A section in Clack's Copse east of the fish-pond showed 5 

to 12 feet of brown false-bedded sand. East of this in 
Gravelpit Copse a pit showed loam and angular gravel 
with masses of pebbles overlying coarse yellow sand, and I 
was told that silicified trunks of trees had been found in the 
sand. (See p. 68.) 

The part, of the outlier south of Burnt Hill, capped with 
London Clay, showed the following sections :-

Section at the Kiln north of Lucksall Farm. 
London Clay Rusty brown clay - 8 I 
R d· B d r Red mottled clav 8 Jl 46 feet. ea InO" e s ' .. 

o l Sand and clay, saId to be - 30 

Section in a pit three-quarters of a milesouth-east of Lucksall 
Farm Kiln and east of the road:-

London Clay ? Rusty brown clay - 4 } 
R d· B d r Brown and grey clayey sand - 3 8k feet. 

ea In" e s 1 p. k· h h· d 11 o ~ m -IS -w Ite san - - - z 

A little south of Stroud's or Mapleton's Farm (east of Burnt 
Hill) and west of the road is a large pit. showing 10 feet of false
bedded coarse yellow sand capped m one place by brow·n 
loam. 

The Reading Beds were seen in the cutting on the road 
leading from Burnt Hill to Stanford Dingley, and swallow-holes 
occur in the wood to the east of that road."-F. J. B. 

The following is by Mr. Whitaker t :.-
Frilsham.-" The hills between Frilsham and Stanford 

Dingley are formed by a large mass of the Reading Beds, with a 
thick and extensi.ve eapping of London Clay. . . . In the road 
near Frilshmn Honse trle bottom-bed is partly exposed, and 
ahOY8 it are loams and mottled plastic clays. TJ1ence to 
Frilsham the boundary-line is much hidden by prIft gravel 
and clay, though yellow sand may be s~en occasI~nany; but 
it may be traced b~T the swallow-ho~es whlCh occyr m most <:f 
the hollows. On the slope of the hIll east of Fnlsham there IS 

a spring of clear water, said to be constant, throw~ out from the 
loamy ba~clllent-bed of the London Clay, by a crImson-mottled 
plastic cla:' immediately beneath. In a well, at a house on the 

* "Ge01ogy of the London Basin," 11fern. Geol. Survey, vol. iv., 1872, p. 195. 
tOp. cit., pp. 194, 195. 
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road south of this, light-coloured sand was found above the 
bottom-bed. In the brickyard close by there are several small 
pits, one showing the junction with the London Clay, a large 
mass of which has slipped down over the lower beds. Beneath 
the basemellt-bed of the London Clay there is crimson and green 
mottled plastic clay. The bottom-bed is not seon here, but the 
sand above it is well developed, being as much as 20 feet thick; 
the upper part is buff, the lower and greater part white, and 
above it there is clay. 

"Just south-east of Huwkridg'e [Farm, not named on the map 
but mal·ked south of Hawknds-e 'Vood] a chulk-pit shows 
2 or 3 feet of light-coloured sand, and about a foot of clayey 
sand, with green grains (bottom-bed) above the Chalk. Just 
west of the other Hawkridge [hulf-a-mile west of Field Farm] 
yellow sand comes on a little ubove the Chalk. At Rusdens 
[neurly half-a-mile south of west of Field Farm] there is sand, 
and at a higher level, mottled clay. 

"By the road south of Hawkridge Farm [now Field Farm] 
there is some of the green sand of the bottom-bed, and also at 
the higher part of the large chalk-pit near the same place. North 
of this the boundury-line is mnch hidden by Drift; but sand 
muy be seen near the farm; at Dods [hulf-a-mile north of Field 
Farm] where there is a swallow-hole, and aronnd Maslin's wood 
[half a mile south-east of Frilsham House]. At the meeting of the 
three roads [ah:;o] half-a-mile south-east of Frilsham House, the 
following section was to be seen :-

Feet. 

1 
Light-coloured sand - - - - - 3 or 4 

R d' B d Bottom-bed, greenish throughout, the lower 
ea mg e S half of a brown colour, the bottom 6 

inches darker than the rcst - - about 6 
Chalk, with holes (made by boring molluscs 1) " 

W.W. 

Mr. Bennett notes that at the Kiln on this outlier there were 
t \Yo sections, one showing 5 feet of red mottled clay, and tho 
other 20 feet of sharp coarse yellow sand. 

A little north of the Iron Foundry at Bncklebl1l'Y, a pit 
shows a little gravel over brown sand; and another pit a little 
fa.rther north, called the Warren Pit, showed 3 feet of Reading 
Beds over Chalk, the junction being piped and irregnLn. 

At the eastern edge of the outlier there are some swallow-
holes. F. J. B. 

Upper Bowden Farm.-This outlier, south-west of Pang
bourne, is apparently small and consists mostly of sand. In 
Franklin's Copse, east of Upper Bowden Farm, a pit showed 
well-stratified sand. 

Rl~8combe.-There is a small outlier to the north of this place 
nearly covered by gravel which overlaps its northern boundary 
on to the chalk. There was a section at its southern end half a 
furlong from the Twyford-London Road showing the junction 
of the Reading Beds with the Chalk. 

6150. 0 
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The formel' consisted of grey clay, with green sand and green 
coated flints at the bottom. 

Wargmve. -A little east of this place there is a large outlier 
of Reading Beds, but only a portion of it is in our district. 
L pon this portion there is part of a thick ou tlier of London Clay 
forming Bowsey Hill. 

Mottled clay is worked in a brickfield north of Highfield 
Honse, and is also seen by the side of the lane towards Gibstrude 
Farm. . 

The well of the "\V argrfl ,e and Twyford "\Vatenvorks at Tagg 
Lane, one mile east of the former place, passed through about 12 
feet of ReB;ding Beds consisting of mottled cla y, lo~m, etc. * 

Mr. ,Vlutaker noted several swallow-holes. HIS account 01 

the whole outlier may be referred to for further details.t 

* " Water Supply of Berkshire," Jfem. Ceol. SUTl,ey (1901), p.90. 
t "Geology of parts of Middlesex," etc. Mem. Ceol. SU1'1!ey (l86~), 

pp. 42-4-10; "Geology of the London Basin," )fem. Ceol. Survey, vol. IV. 

\ 1872, p. 199; "Geology of London," vol. i. (1889), pp. 180-182. 
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CHAPTER IY.-READING BEDS. 

THE TILEHFRST-READIXG OUTLIER. 

A large outlier of Reading Beds extends from the hill above 
Sulham into Reading, and most of the Castle Ward is built 
upon it or on gravel which overlies it. 

On its western part there is a large patch of London Clay, and 
upon it the village of Tilehurst stands. 

A well * at ~ewdams, Tilehnrst, proved the full thickness ot 
the Reading Beds to be 51 feet. 

According to Prestwich t "at Sulham ... the sands over
lying the chalk are more than 20 feet thick." 

In the upper part of Sulham ,Vood, about one and a half 
flll'longs north-east of the church, and a little south of the road, 
a pit showed the following section:-

.'IIottled red and grey clay 6 t 
Well-stratified bnff~coloured sand - 10 J 16 feet 

On the sloping ground about six furlongs south-eastward of 
Sulham chmch, green sand of the bottom-bed was exposed in :t 
dead well showing the junction of the Reading Beds with the 
Chalk. 

At the limekiln and brickyard about three-quarters of a mile 
north-east of Theale railway-station, about 15 feet of Reading 
Beds overlying Chalk was exposed in 1887, the plane of junction 
beiug remarkably even. The top 12 to 1.5 inches of the Chalk 
\\"as perforated in every direction with tube-like holes about 
one-half to three-quarters of an inch ill diameter, filler1 with 
the greenish and brownish sand of the overlying beds. A few 
of these tubes reached to a depth of 18 inches from the top of 
t he chalk. The following was the section exposed :-

Feet. 
'Yell-stratified brown sand containing a 

hed of grey clay ahollt K inches thiek 

Reading Beds. 

in its upper part 
W e11- stratified and laminated clays 

variously coloured grey, brown, and 
red, with seams of brown and greenish 
sands 

Green-coated flints of a more or less sub
angular shape, intermixed with fiint 
pebbles, in a matrix of brown and 

6 

greenish sand 1 to I! 

Chalk at a depth of 

* ""\Vater ySupply of Berkshire," Jfem. Geol. S1J1'vey (1901), p. 8;;, 
t QUal·t. Jonrn. Geol. Soc., vol. x. (185.!), p. 87. 

6130, 0 2 

15~ 
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A man who had worked the pit for about thirty-five years, 
and who had observed fossils in the Chalk, stated that he had 
not noticed any oysters or other shells in the Reading Beds. 
There appeared to be a little carbonaceous matter in the laminated 
grey clays, but no impressions of leaves were found. 

lvIr. Whitaker gives the following section at this brickyard :-* 
Feet. 

Light-coloured sands - about 5 

Reading 
Beds. 

Bottom
bed, 

about 
6! feet. 

a. Blue and orange-coloured 
mottled clay - IIi 

b. Blue and yellow clayey sand -

r 
Light-blue clay, rather sandy, 

especially at the upper part 
c. l' wh~re there are many dark 11 

grams - - - - ~ 

Blue and brown clay (ferru-
ginous) - - about t 

d. Clayey sand, with green grains; 
green-coated flints at the base 1 

e. Yellowish-brown sand at the 
lower part cl~yey, and with 
green grains and green-coated 
flints - 1 

Chalk, with holes of boring molluscs (?) 
The dip given by the junction, which is very regular, is 2° in 

n direction 30e E. of S. 
In both parts of c. there are a few indistinct casts of small 

bivalves and a great many small flat radiating impressions, 
apparently casts of selenite crystals."-W.W. 

Mr. Whitaker tells us that lvIr. C. E. Hawkins showed him 
large s:recimens of impressions of the same sort in mottled clay 
at Rowland Castle Brickyard (Hants), and a like fact has been 
observed by M. de la Condamine in another part of this 
formation (not here present) at Counter Hill, Lewisham.t 

Casts of fossils were found in beds c, d, and e of the above 
section. 

The following species were recordedt -Cerithium Lunni? Mar, 
Arca, Cyrena cordata, Mm'., Psammobia? Ostrea bellovacina, 
Lam. 

Mr. Whitaker§ adds that" along the road above the brickyard 
there is sand with iron-sandstone and clay. 

"Between Theale and Reading there is much valley-gravel, 
which hides the boundary-line; but sand may often be seen. 
Clay generally occurs at a higher level,"-W.W. 

At Calcot Kiln, south-westward of Calcot Park, the following 
section was exposed :-

Mottled red and grey clay - 3 to 5 } 20 feet 
Buff, white and brown sand indurated in places 15 . 
Mr. Whitaker notes that the upper part of the sands con-

tains a slight admixture of clay, so that it is very tough, 
and may be quarried in blocks, which harden by exposure: the 

* II Geology of the London Basin," Afem. Geol. Survey, vol. iv. (1872), p.196. 
t Quart. Journ. Qeol. Soc., vol. x. (1854), p. 123. 
:;: "Geology- of the I,ondon Basin/, vol. iv., pp. 1>76-7. § Op. cit., p. 196. 
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lower part is fine sand. He saw a small block of sandstone, of a 
light and somewhat varied colour, evidently out of the Reading 
Beds. The junction of the clay and sand dips in a westerly 
direction, down the slope of the vallevside. * 

At Horncastle, south-east of Calcot Park, in the triangular 
space westward of the Inn, a sand-pit showed 10 feet of stratified 
buff and brown sand; and about 10 chains south of the Inn 
there was a pit where the junction of the Reading Beds with 
the chalk was well exposed in 1887. The following was the 
section :- Feet. 

( Soil and brown sandy loam 1 to 1 ~ 
I J Brown sand with a little laminated 

J
] grey clay in places - - - 1 
S Laminated grey clay - - - 1 

Rc,odl'llg BedS'1 0 lGreeniSh sand, ferruginous for 3 to 6 " ~ inches at base, and containing 
o 
~ numerous small green-coated flints 

a:ceraging from 3 to 4, inches in 
sIze - - - - - t to 1 

l To chalk 
Chalk, rnbbly and containing flints 

3it to 4~ 
8 

with the Chalk was even, The junction of the Reading Beds 
but slightly undulating. 

Mr. Whitaker notest that" at the brickyard south-south-east 
of Tile hurst the order of the beds, as well as it could be made out, 
is as follows :-

Basement-bed of { Brown and pale blue mottled sandy clay. 
the London clay. Brown sand. 

Reading Beds. 
I Light-coloured sands. 

Laminated iron-sandstone, 2 to 5 inches. 
I Dark brown sand. 
l Light-coloured sands. 

" In a pit lower down there is more of the last, with a little 
light-coloured clay; and, according to a well-sinker, a great 
thickness of sand above the Chnlk. 

" In a chalk-pit about a quarter of a mile south of this there is 
a jUllction of the bottom-bed, partly in pipes, with apparently 
reconstructed chalk. 

"Near Southcot is much sand."-W.W. 
Passing now to the sections in this outlier in the town of 

Reading, we come first to Coley Hill, where bricks were mnde 
for many years on the site of the present recreation ground. On 
the western side of this Coley brickyard the following section 
was exposed in 1887 :- Feet. 

Plateau gravel, consisting of subangular flints, flint pebbles, etc. - 4, 

(

i. 'Well-stratified greenish-grey clay and loam, 
Reading and mottled red, brown, and grey clays and 

loams - 5 
Beds. ii. Variegated light.coloured sands - 16 

iii. White and ash-coloured sands exposed to - 12 

* See" Geology of the London Basin," llIem. Geol I'-,'urvey, vol. iv. (lfl72) 
p.197. 

tOp. cit., p. 197. 
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The sands of bed ii. were yariously stained and mottled: yellow, 
light pink, grey, fawn, butf, green, etc., in different shades. They 
were underlain by the yery finely stratified white and ash-coloured 
sands of bed iii., streaked and stained in places by yellow, buff 
and orange colours. Numerous thin seams and small nodules 
of grey plastic clay (" clay galls") occurred interstratified with 
the sands. Many black specks and h·agments of carbonaceous 
matter were observed in the white sands, also small angular 
fragments of white flint (resembling fragments of sheIlI' but 
decidedly flint), and fragments of black flint here and there, and 
occasionally a subangular flint from one to four inches or morc 
in size, often coated with a greenish colour. These white sands 
arc much false-bedded in places. 

The section has at times been cut down to the Chalk, and an 
account by Professor T. Rupert Jones, F.R.S., and Captain C. 
Cooper King, R.M.A., will be found in the Quarterly J oumal of 
the Geological Society for 1875.* The following abstract of 
their account is by Mr. ~Whitaker;-
Hed loamy gravel, chiefly of flints, with some quartz, quartzite, Feet. 

etc., resting on the whole horizontally, but pocketed in 
an eroded surface of the clay below, averaging 

Heading 
Beds. 

Mottled clays ; buft~ grey, white, and ochreous 
false-bedded sands; with layers of blue clay 
(sometimes peaty, and showing traces of the 
"leaf-bed"), "clay-galls" (rolled fragments of 
clay with included flints) some 18 inches in 
diameter, and occasional ferruginous nodules 
and subangular flints (one green-coated) 

Bottom-bed j loamy and pebbly green sands; 
with oyster-shells, sharks' teeth (and a frag-
ment of the palate of Myliobatis), carbonised 
woody matter, flint pebbles, sharp fragments 
of flint, a small pebble of schist, another of 
quartzite, and small angular pieces of chalk. 

Chalk, jUllction even, with perforated snrface. 

[) 

18 to 30 

The authors remark that the sands, which are thickest on the 
west, "suffered considerable denudation eastward before the 
Mottled Clay was laid upon them," and they draw notice to 
cerLain other irregularities in the series, namely, the absence of 
oyster-shells in the bottom-bed in some places, whilst near by 
they are abundant; the absence of the leaf-bearing clay in some 
parts, probably from erosion rather than from thinning out; and 
the evidence of the partial destruction of some of the beds of 
the Reading Series before others were deposited that is given 
by the clay-galls, etc. "This goes to prove the greater compli
cation of processes in the formation of the 'Reading Tertianes' 
and adds to the length of time required for them. In any case 
not only does the rolling of the clay-galls bespeak a flat shore 
and neighbouring cliff, but their enclosed flints clearly indicate 
a beach, oank, or shoal of flint d6b?·i8 at no great distance, 
whether in fresh, brackish, or salt water."t-vV.W. 
--~-~---------~---------------

* Vo!' xxxi., p . ..(1)1. top. cit., p. 45G, 
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The bottom-bed of the Reading Series at Coley Kiln has 
yielded some fossils besides Ostrea bellov(wina-the following 
are in the collection of Mr. R. S. Herries ;-* 

Odontaspis (Lamna) contortidens, Ag. Tellina ? 
Pycnodus. Panoprea. 
Cardium (large species). Ostrea. 
Trigonocrelia ? Echinus. 
Nucula Bowerbanki, SUII'. 

FIG. 8.-0strea bellovacina, Lam. (i natural size.) 
Mr. Whitakert gives the following account of the sections at 

Castle Kiln, north of Coley Hill, obtained from two pits, one above 
the other. The top two beds were much hidden:- F t 

, Mottled clay, crimson, blue, and brown. ee . 

Reading 
Beds. 

33 feet. 

I Light-brown and white sand, with a thin seam of 
mottled clay - - - - - about 5 

Pale green and brown mottled clay, with bands of 
crimson clay 3t 

'White, grey, brown, and yellow sand, with a few 
hlocks of iron-sandstone; at the base a few 
inches of bright OIange sand. The lower part 
very coarse (a regular grit); false-bedded.; pieces 
of Hint in one bed; in a bed of clay about 5 feet 
from the bottom there are casts of leaves -

Bottom
heds 

4~ feet. 

Blue clay, laminated by thin seams of 
sand -

Clayey sand, with green grains 
Sand 
Bluish-grey and hrownish clay, sandy 

towards the base; with green grains 
and grains of yellow sand, and a few 

20 

1 
1 
Ii 

green-coatei1 Hints 11 
Chalk.-The top part bored (by lithodomous molluscs 1) Junction 

horizontal and very even.-\V.W. 

* Pmc. Geol. Assoc., vol. xiv. (1895-96). p. 412. See also W. H. Hudleston 
"Excursion to Reading," Proc. Geol. Assoc., vol. iv. (1874-76), p. 519. ' 

t "Geol. of the London Basin," Mem. Geol. Sm'vey, vol. iv. (1872), p. 197. 



28 GEOLOGY OF RtADIXG. 

In the pit at the south-east corner of Castle Hill, Readin(!, 
and west of the new church (St. Saviour's) a section (in 1887') 
showed 20 feet in thickness of sand, whitish and ash-coloured, 
intermixed with n little buff. The whole was very finely 
stratified, and much false-bedded in the lower part for about 
six feet upwards from the bottom. A little plastic grey clay 
occurred in thin S8ams in places, and nodular lumps of grey 
and brmm plastic clay C" clay galls "), varying in size from half 
an inch to nine inches in diameter. There were also numerous 
black specks in horizontal and oblique seams, due, probably, 
both to carbon and manO'anese. I was informed that green sand 
underlaid this white and buff-coloured sand, and then chalk
the foundations of the church reposing in places on the latter 
a t depths varying fi'om 4 to 9 feet from the present surface of the 
ground. 

The following observations on Castle (David's) Hill were re
corded by Buckland*:-

"In a hill called David's Hill, west of the town of Reading, 
on the opposite side of the Kennet to that of the Catsgrove 
brick kilns, and about one quarter of a mile distant from them, 
are other large quarries of brick earth, in which many of the 
subdivisions which have been noted at Catsgr0ve are not to be 
recognised, and the entire thickness of some of the pits is made 
up of the same sands and clays as on the opposite side, but 
more uniformly disseminated through the whole mass, forming 
a kind of loam more like N"o. 12 [of the Catsgl'ove Section, see 
page 37] than any of the other beds that hr.ve been there de
scribed; ochreous concretions and pyritical nodules abound in it, 
as in No. 12. The total thickness of this deposition at David's 
Hill above the chalk is about 40 feet. ,Vater occurs in the sub
jacent chalk, as soon as they sink 30 feet into it. It is separated 
from the incumbent brick earth by the bed of green sand, with 
the same oysters as at Catsgrove." 

The section in the deep cut~ing on the Basingstoke and New
bury branch lines of the Great ,Vestern Railway was described 
hy Prestwich t as follows :-

"A feature of considerable interest connected with this 
[Reading] series was exhibited in the railway cutting for the 
Newbury branch line through the hill west of and adjoining 
Reading. Under the mottled clays there were a few feet of 
sand, and then a loc'll and lenticular lllass of very finely lamin
ated light greenish clay abounding in places, with the most 
beautifully preserved impressions of plants. Beneath this bed 
were strata of yellow sand succeeded by the bed of green sand 
with the Ol:!t)'ea bellovClcina. I give this section in full, both to 
show these points and also as a good instance of the irregular 
depositioll of the mottled clay senes." 

* "Description of a serie~ of Specimens from the Plastic Clay near Reading, 
Hrrks." l'mlls. Ueal. Soc., Her. 1 (lR17), vol. iv., pp. 277, 281, 282. 

t Qum·t. JOUl·n. Oeol. Soc., vol. x., p.88 (1854.) 



FIG. 9.-Railway-cutting west of Reading (Sir J. PRESTWICH). 
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3. Drift Ochreous flint-gravel, varies greatly in thickness.-A verages - - - - - - - -
r b. l\'Iottl~~a~~d an~ ligh~ blui~h.gre! cla~, pas~ing ~own ~nto ~lightl: la~inate~ ligh~ gre~ 

j c. Laminated yellow sands - - - - - - - - - - - • 
d. Thin layers of light grey and greenish clays more or less sandy, some of the seams 

2. Reading Beds. consist of a very pure and fine clay, slightly mottled with a tinge of red. I Extremely perfect and very numerous impressions of leaves are found in this bed 
e. Fine yellow sand with slight false stratification. Ferruginous clayey sand in patches 

-soft ferruginous casts of wood • . - - - - - - -
Green sand with a band of Ostrea bellovacina at f - . - . -

1. Chalk, with tubular surface perforations filled with green sand 
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Mr. Whitaker* gives the following account of the same 
cutting ;-

« In the railway-cutting west of Reading there was, at the 
northern end, in 1858, a long and good section, since turfed over. 
All the beds aboye the bottom-bed were yery irregular; there 
were many wedge-shaped masses, and much waved bedding. 
Combining different parts of the section, the following general 
order was shown ;- l"eet. 

"Gravel, composed almost wholly of flints, 12 feet in extreme 
thickness, except in a large pipe more than twice that 
depth. 

Brown and blue mottled clay; a few feet. 
I Variously coloured sands, with occasional seams 

and lenticular masses of clay - - from 20 to 30 

rBlUiSh-grey and hrown. clay, roughly 
laminated - - - - -

I Dark bluish-grey laminated clay; some-
Reading I times sandv: casts of shells - -

Beds. B tt I Bluish-gre. y ~~d brown clay, roughly 
o om-) I . d I f hV II v hed ammate c ay; casts 0 s e s-

. Dark sands, mostly clayey; throughout 
of a greenish tint, owing to the 
presence of green grains; casts of 
shells and beds of oyster shells; 

, , 

1 

1 

\ green-coated flints at the hase - 5 
Chalk, with holes (of boring molluscs 1) filled with greensand from the 

hed above. 
"The junction is even, though s1i~htly waved, and the bott0l1l

bed a little varied in structure in ctifferent parts. * * * * 
" This section is at the same spot as that given by Mr. Prestwich, 

[quoted above] that is, in the part of the cutting to the north of 
the Bath road. Since the time when Mr. Prestwich saw the section, 
it has been much widened in this part, which will account for any 
difference from that given above. The large pipe of gravel noticed 
by him was still to be seen; but I could not find any specimens 
of the leaves which he found in such numbers in layers of 
light-grey and greenish sandy clay in the middle of the sands. 

« However, a few years afterwards, I saw a like bed with im
pressions of leaves at Castle Kiln [see p. 27] and at Rhaw Kiln, 
Newbury; so that this leaf-bed is perhaps not so local as has 
been thought." W. W. 

The bottom-bed has recently been well shown in a brickfield 
between this railway cutting and Tilehurst. The section was as 
follows ;-

Section in l\Ir. Jesse's Pit, i-mile south-east of the Barracks, 
Reading. Feet. 

Drift. 

Heading 
Beds. 

{ Gravel very coarse; subangular flints, many 
large quartzite pebbles and boulders, etc. -

Sand, buff and white, much false bedded - -
, { Clay, bluish-grey, stratified - - -
S Oyster-bed - - - - - -
:§ ~ Clay laminated, grey, with green sand -
~ ..0 Sand, green with clay and oysters, green

coated flints at base - - - -
Chalk, ,,-ith tubular holes filled with green sand. 

14 to 16 
8 to 10 
2 to 21 
t to 1 

l~-

3 to 4 

~ " Geology of the London Basin," Jlelll. (Jeol. Sur., vol. iv., 1872, pp. 197, 198. 
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In this excavation an impersistent layer, about 10 yards in 
length, of subangular green-coated flints occurred in the lower 
part of the buff sands overlying the bottom-bed, and a similar 
bed has been noticed in a like position in a sand-pit a short 
distance to the east . 

. The upper oyster bed had been exposed on the floor of the 
pit over an area of about 60 by 20 yards. It seemed to thin out 
in a northerly direction. The shells were mostly Osh'ea bello
['([cina, many having the valves united, but there were also a 
large number of shells identified by Messrs. Sharman and Newton 
as Ost?'ea g)·yphO?:icina. The largest specimens of Ost1'e([ 
bellovaci1w occurred near the base of the bottom-bed, and con
tinued upwards for about 3 or 4 feet in the glauconitic olivc
coloured green sand.* 

Mr. L1.' Treacher obtained from this pit the following fossils 
which have been identified by the Survey :-

Bottmn-bed of Reacling Beds. 
Odontaspis (Lanum) contortidens, Ag. Cytherea 1 

" "macrota, Ag. ::\Iodiola elegans 1 Sow. 
Cerithium 1 Nucula. 
Del1talium. N uculana. 
Natica. Syndosmya. 
Corhula ? Tellilla? 2 sp. 

,Vest of this brick field are the extensive excavations connected 
with Messrs. Colliers' Brick and Tile \Vorks. The following was 
the se?tion on the northern side of the Rookery, Prospect Hill 
Park, III 1898. t F t 

London Clay. Basement-bed, lower part only, stratified sand ee . 
and clay 4 to 5 

f Mottled crimson, grey, etc., variegated clay, 
Reading about 30 to 40 

Beds. I Buff and white sand, false-bedded in places not 
l bottomed, about 10 feet exposed. 

Some il1durated calcareous sand occurred in the buft' sands. 
At ,Vestwood Kiln nearlv the whole section shows mottled 

days of considerable thickness with buff sand cropping out at 
their base. t 

At N arcot Kiln, close to N arcot FitI'm, the section shown 111 

1898 was as follows :-t 
Plateau gravel -

Clay, mottled brown and grey 

Feet. 
ahout 6 

10 
Sand and clay interstratified. 

London 
Clay. Basement

hed. 

White and black flint pebbles 
in hrown sand (in lower part), 
and casts of shells in ferru
ginous sand at, and near, 
base -

Reading r Clay mottled crimson and grey 
Beds. \.. Sands, buff and white. 

* See P,·OC. (;eol. Assoc., vol. xv. 
t Ibid., p. ;306. t l1iid., p. ;30,. 

(1897 -8), pp. 30-1-30;). 

g 
7 to 10 
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CHAPTER V.-READING BEDS. 

M.ux MASS. 

The main mass of the Reading Beds forms an irregular and 
somewhat narrow band, along the sloping ground southward of 
the River Pang by Bucklebury, Stanford Dingley, Bradfield, and 
Englefield. The beds disappear beneath the valley deposits of 
the River Kennet, and continue underground north of 
Sulhampstead Park, Sheffield Bottom, to WhItley Manor Farm, 
where they re-appear at the surface, and form the escarpment 
westward and northward of Whitley Hill and Southern Hill. 
They continue through Readingnorthwards of White knight' sPark 
and westward of Earley Court by Holme Park and Sonning, 
then south-eastwards, disappearing beneath the valley deposits 
of the River Loddon at Whistley Green, and re-appearing at the 
surface at Stanlake Park, Twyford, and Ruscombe. 

Southward of their outcrop the Reading Beds are continuous 
underground, beneath the London Clay, throughout the whole 
of the southern part of the district. 

Mr. Aveline remarks that to the west of Bradfield the 
boundary line of the Reading Beds is indicated by the 
occurrence of numerous and large swallow-holes. At Bushnell's 
Green, a mile east of Bucklebury, he noted white sand. 

A well at Jennet Hill, Stanford Dingley, passed through 42 
feet of Reading Beds into chalk.'*' 

Mr. Bennett notes a pit north of Bradfield Workhouse which 
g,tYe the following section:-

{

Brown sandy clay - - - - -
R ad Brown clayey sand - . - - - -

e ing Buff sand, fine, evenly bedded, with some black Beds. . spots, 7 feet shown but not bottomed. 

The following is from Mr. Aveline's note:-
"Less than three-quarters of a mile from Bradfield, on the 

road to Englefield, is a brickyard; here there are crimson, green, 
and blue mottled plastic clays, with a little light-coloured 
sand."t 

At about the same place, mottled red, grey, and brown clay 
was recently exposed in a small pit on the western side of the road 
in Kiln Copse, a short distance north of the Crown Inn, north
westward of Bradfield Brewery. 

Wells for the supply of Bradfield College show the full thick
ness of the Reading Beds to be about 70 feet in this part of the 
district.+ 

* "Water Supply of Berkshire," Mem. Geol. Survey (1901), p. 76. 
t "Geology of the London Basin," ~lfem. Geol. Survey, vol. iv. (1872), p. 186. 

:t. "Water Supply of Berkshire," JEern. Geol. SUrl!ey (1901), pp. 30, 31. 
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In a sand pit in Englefield Common Wood on the sloping 
ground eastward of the Bourne, and a little south of Brad· 
field Brewery, the following section was exposed-

Reading { ~Iottled clay - - . 4} 24 feet. 
Beds. Buff-coloured salld 15 to 20 

Between Englefield and ReadinO' the Reading Beds are hidden 
to a large extent by Drift, but welr.sections at Burghfield proyed 
their thickness to be 70 and 76 feet.* 

Red clav was noted near the bank of the Foundry Brook, south 
of Whitley Manor Farm, and a little to the north there are, 
or have been, very fine sections in the brickfields on the east bank 
of the River Kennet, known as the Rose Kiln, the 
Waterloo Kiln and the Katesgrove Kiln, the site of the last named 
of which is now built over and in the town of Reading. 

At Rose Kiln Mr. "Whitaker records a section, above ninety 
yards in length, showing wavy or disturbed bedding. (See 
Fig. 10, page 34.)t 

In April, 1888, the following section was shown near the 
southern end of the brickyard at about 3 or 4 chains north of 
the hedge, where the beds are shown dipping towards the 
south:-

Soil and mottled clays worked up with gravel 
Feet. 

6 

Reading Beds. 

Mottled clay, grey, green, brown, and 
crimson in upper part -

Sand, occasionally, ash - coloured, orange, 
6 

fawn, and pinkish, but mostly white - 18 
More or less laminated grey clay in bands 

alternating with white and brown sands 
(in about equal proportions) the upper
most clay-bed being mottled in various 
colours· 8 

White sand, loose but well 5tratified - - 6 
Northwards there is a gentle anticlinal, and consequently an 

increase of thickness of the mottled clays by the reverse dip. 
At 2 chains north of the road leading eastwards to the Basing
stoke main road, there was a fine section showing about 15 feet 
of I~lOttled red, blue, grey, and brown clay overlying white and 
buft-coloured sands. 

At the southern part of the excavation at Rose Kiln the follo\\'
ing section was exposed :-

{

Mottled red and grey clay and loam 3} 
White sand with patches of red and 

Reading Beds. brown in places, and with a few 23 feet 
bands of grey clay in the lower 
part . .. - 20 

A little to the north on the western slope of Southern Hill and 
on the low ground bordering the Ke~net is the "Waterloo brick
field, worked by Messrs Poulton. In It leaf-beds are occasionally 

~ "Water Supply of Berkshire," l1fem. Geol. SU1"1Jey (1901) pp. 34 33. 
t "Ueology of the London Basin," .VIem. Geol. Survey yol: iv. 1872 pp. 

186, 187. ' , 
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Fig. lO.-Section at Rose Kiln, S. of Reading. (W. '\YHITAKER). 
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very well seen. Thev are in a similar position in the Reading 
Beds to those already noticed in the railway cutting and at 
Castle Hill on the opposite side of the RiYer Kennet (pages 
27 to 30). They occur near the base of the series aboye the 
greenish sandy bottom bed. 

At the south-eastern corner of this brickyard, the following 
section was exposed in March, 1888, and extended north
wards for about 5 chains:- Feet. 

Light-hufl' and ash-coloured loamy clay 
with bands of brown sand, about - 10 

Dark mottled crimson and grey stift' 

Reading Beds. 
clav Fl 

Dark' red and crimson clay forming a 
very marked layer - from 1 ~ to 2 

Greenish and greyish loamy clay 
mottled with red in places - 10 to 12 

Buff and ,,-hite sand 

The beds dip at' a slight angle southwards. The clay beneath 
the marked red band, gradually thins northward, and at about 
5 chains distant is reduced to a thickness of 6 feet only, 
and is underlain by buff-coloured sand, 6 feet of' which 
was exposed. This sand at a distance of about 2 chains further 
northward was shown to be from 10 to 15 feet thick and not 
bottomed. It was of various colours-green, white, brown, grey, 
pink, and other tints being shown; and was slightly loamy and 
indurated in places. 

In the south-west cornel' of the brickyard an excavation on the 
low ground adjoining, and but little above the level of the 
Kennet marshes, showed a section in the lower part of the buff 
and whitish coloured sanns (which occur here beneath the 
mottled clays), consisting of laminated grey loams and clays 
interstratified with buff sands. The 10am8 and clays in places 
somewhat resembled fuller's earth, and contained numerous fossil 
leaves and a few ferns. * This part of the pit has been obscured 
for severnl years, but a Hew section showing what is probably 
the same le.1f-bed was open in October, 1902, some 200 yal'dfl 
north of the old locality. The details werc as follows:-

" 

Greyish s<lnd,somewhat fel'l'uginous in 
places, with many layers of lamin
ated grey clay, containing leaves and 
other vegetable remains; one of 
these clay layers 9 inches thick, 
close to the bottom of thn bed, 
yielded the hest specimens of leaves 

Greatest thickness -

r Bufl:' current-bedded sand, rather 
coarse, with a few very thin 

Ft. ill. 

3 G 

" 2. 1 l~yel's of clay here and there. 
Exposed to . - - - - 4 

A note on the leaves from this place will he found at p. 40. 

* See also W. H. Hudle,ton, Proc. Ueol. Assoc., vol. iv. (876), pp. 520, 521. 
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As no complete analysis of the mottled clay from the Reading 
Beds at Reading appears hitherto to have Leen published, :) 
sample of the clay was obtained from this brickfield, 

The following analysis of the specimen was made- in the 
Geological SUl'vey Laboratory by Dr, \Y, Pollard* ;-

SiO. -
TiO~
Ab03 

Fe203 
CaO 
MgO 
K20 
Na20 
H 20 at 105 

" above lO5 
Total 

Trace of Li20, ~InO, 

53'43 
'84 

18'77 
9'42 

'51 
1'40 
3'39 
'54 

5'55 
6'59 

100'44 

FeO cannot be estimated with any certainty, owing to the presence of a 
little organic matter All Iron calculated as Fe20s, 

Sand - 21'9 % 
Combined Silica - 31'6 % 

53'5 

The Katesgrove workings are a little north of the 'Vaterlow 
kiln, They are very old, and the oyster-beds at. the bottom of the 
Reading Beds long ago attracted attention, Dr, James Brewer, 
in a letter to Dr, Sloane, dated January 13th, 1699, mentioning 
sending oyster-shells to him, and, referring to the place where 
he dug them out says, ., where for so many succeeding genera
tions they have been found," 

The following is a part of a second letter, from Dr, Brewer 
to Dr, Sloaner;-

" Reading, 
"Janua/'Y 25t'l, 1699, 

" Sir 
" In answer to your last, be pleased to take the following account, 

the observations which I personally made, were with all the exactness 
as the subject and place would admit, The circumference thCII, 
where these Oyster-shells have been digg'd up, and found, contains (as 
I before hinted to you) as is judg'd, between 5 and 6 Acres of Land, 
The foundation of these Shells is a hard Rocky Chalk, and above this 
Chalk the Oyster-shells lye in a bed of green Sand, upon a level, through 
the whole circumference, as nigh as can possibly be judged; this 
St-ratum of green Sand and Oyster-shells is (as I measur'd) nigh 2 foot 
deep, Now, immediately above this Layre, or Stratum of green Sand 
and Shells, is a bed of a bluish 80rt of Clay, very hard, brittle, and rugged; 
they call it a pinny Clay, and is of no use, ,This ~ed, or Layre ?f qlay, 
I found to be nigh a yard deep; and ImmedIately above It, IS a 

'OSee also Whitaker, Mem, Geol, Survey, vol. iv" p, LOI ; T, Reeks ~nd F, W, 
Rudler, "Catalogue of Specimens of British Pottery, &c,," AppendIx, p, 288 ; 
and " British Clayworker" for 1901, p, 467, 

t Plll)lished in "Philosophical Transactions," vol. xxii., p, 485, 1700--1. 
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Stratum of Fuller's-earLh, which is nigh two foot and a half deep; This 
Earth is often made use of by our Cloathiers; and above this Earth 
is a Bed, or Layre, of a clear fine white Sand, without the least mixture of 
any Earth, Clay, etc., which is nigh seven foot deep: then immecliately 
above this is a stiff red Clay, (which is the uppermost Stratum) of 
which we make our Tiles. The depth of this can't be conveniently 
taken, it being so high a Hill, on the top of which hath been, and is 
dug a little common Earth about two foot deep, and immediately under 
appears this red Clay, that they make Tiles withal; as the Gentleman 
that lives on the spot tells me : I should also ha,~e acquainted you that 
this very day with a Mattock I dug out several whole oysters with both 
their Yalves, or Shells lying together, as Oysters before opened, in their 
Cavity there is got in some of the pre-mentioned green Sand. These 
Shells are so very brittle, that in digging for them, one of the Valves 
will frequently drop from its fellow, but 'tis plainly to be seen that 
they were united together, by placing the Shell that drops off to its 
fellow Valve, which exactly corresponds; but I dug out several that 
were entire; nay, some double oysters with all their Valves united. 
**** The account that I have here given you of these Shells, and 
strata's of Sand, Clay, etc., is what I yesterday and this day observed, 
and try'd on the spot, therefore you may depend on the faithfulness 
of it." 

Dr. Buckland, writing in 181 '7, remarks that the section given 
above" differs as little as might be expected from that now ex
posed at Reading." * 

The oyster-bed at "Cats Grove" llertr Reading j" mentioned by 
Robert Plot in his Natlcml HiotOi'Y of Oxj01'Ch,Lire, published 
in folio at Oxford, 1'705 (see page 120). 

Dr. William Stukeley in "Itinerarium Curiosum" (folio, London, 
1724, at p. 59) also refers to this locrtlity. He says that near the 
trench the Danes made between the ri vel' Kennet and the Thames is 
Catsgrove Hill, a mileoffReading; in digging there they find first a 
red gravel, clay, chalk, flints, and then a bed of huge petrified 
oysters, 5 yards thick, 20 feet below the surface; their shells are 
full of sea-sand. 

Mr. Whitaker gives the following note on the section at this 
kilnt :-

" At Katesgrove kiln the lower part of the section was not so 
clear at the tIme when that neighbourhood was mapped by the 
Geological Survey as when it was measured by Dr. Buckland in 
1814,::: or by John Rofe in (or before) 1834 §; indeed neither the 
Chalk nor the bottom-bed were laid open. I therefore give Dr. 
Buckland's description, with Mr. Rofe's corrections for the bottom 
part. 

13. Clay, sand, and gravel. 
12. Soft loam, lower part ironshot and sometimes with 

ochreous concretions and decomposing nodules of 

Feet. 

iron-pyrites (used for soft bricks) - about 11 

* Trans. Geol. Soc., vol. iv., p. 277. 
t "Geology of the London Basin," jl{em. Geol. Survey, vol. iv. (1872) pp. 

188, 189. 
t Trans. Geol. Soc., vol. iv., p. 277 (1817). 
§ Ibid., Ser. 2, YOl. v., p. 127 (1837). 
6150 D 
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Feet 
11. Dark red clay, partly mottled and mixed with grey about 4 
10. Light ash-coloured clay, with fine sand of the same 

colour (used for bricks) - - - - - " 
9. Fine sand, laminated and partly mixed with clay 

(used for tiles) - -
8. "'Yhite yein." Fine ash-coloured sand with a 

little clay, in some parts passing into loose white 
sand (used for bricks) 

7. Dark red clay mottled with blue (used for tiles) 
G. Lowest brick-clay, light grey, with fine sand -
5. White sand (used for bricks) -
4. Fuller's earth 
3. Yellowish quartzose sand 

" 

" 
" 
" 

" 

7 

4 

5 
G 
5 
4 
3 
5 

"The continuation downwards had better be given from the 
later measurements of Mr. Rofe:-

Inches. 
19 r Clay parted by small seams of selenite-crystals -

Sand, with small green grains, and sometimes green 2'1 nodules, .flints (rolled and angular) and oyster-shells 14 
Brown clay, with oyster-shells (larger than those in 

the bed aboye) - - - - - - - 13 
1. Chalk, the uppermost foot with tubular hollows filled with sand. 

The numbers of the beds are those in Dr. Buckland's paper. 
No. 13 includes the Drift, and perhaps a little London Clay. 
No. 12 may be the basement-bed of the London Clay. 
Nos. 11 to 3 are the sands and plastic clays of the Reading Beds. 
No. 2 is the bottom-bed . 
. , The upper part of this large pit, however, was fairly clear when 

I mapped the Reading District (1858) and showed the following 
beds:-

Gravel. 

[
Brown and bluish mottled sandy clay, with a little 

B t b d ironstone, containing casts of shells and lines of 
asemen . e . h d 
f th L d greems san. 

o CIa ~n on 'l D~ll brownish sand ll:nd loam, with layers of 
} . Ironstone, and sometImes of clay; at one part 

two beds of shells in greenish sand. 
Crimson mottled plastic clay of the Reading Beds. 

" The beds below were hidden at this spot; but near by, at 1\ 

lower level, there was the section below:-
Light-coloured sands, with two beds of crimson plastic clay, and 

light-coloured mottled clays interspersed. 
Green plastic clay."-W. ,Yo 

In June, 1888, the Ohalk was worked by a well, and we were told 
by the workmen that the top of the Ohalk was 30 feet below the 
Hoor of the pit. This well was on, or nearly on, the site of the 
proposed Ohurch of St. Michael and All Angels. Now, in 1902, 
the working has been abandoned and the ground is being built 
over. 

The Reading Beds, consisting of light-brown and grey loams 
and sands, were exposed in a section in Clover lane, 6 chains east 
of the 'Vokingham Road, Reading. 
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The following account of the Reading Beds near Sonning is 
from Mr. \Vbitaker's Geology of the London Basin.* In a 
chalk-pit between the turnpike road and the Great \Vestern 
Railway, near the thirty-fourth mile-post on the latter, there 
is the following section :-

Feet. 
Flint-gravel 

r
· 1. Blue and red mottled plastic clay; only 

r d' seen at one part - - - -
~~a dlllg 

! 2. Bottom-bed, chiefly consisting of clay; at 

S or 10 

1 

e s. ': the base green-coatecl flints, rounded and 
\ angular - - about 4 

Chalk; the uppermost S or 9 inches full of holes (? of boring molluscs). 
The junction with the Chalk is rather uneven. 
In sinking a well at Holme Park :Farm the Chalk was not 

reached after sinking 30 feet, when the work was stopped. 
Below the wood on the west of the farm there is sand. 

In the gravel pit at Sonning there is, at one part, between the 
gravel and the Chalk, a small trough of the bottom-bed. 

In making the cutting for the Great \Vestern Railway near 
Sonning, a good section was exposed. It is now quite hidden; 
but an account has been given by Prestwich, from which the 
following is taken t :-

Feet. 
Suhangular ochreous flint-gravel, varies in thickness, averages - 12 

J 
Brmvn clay with septaria - - - - -? 5 
Basement-bed, brown clay with irregular layers of 

London yellow sand, patches of green sand, flint pehhles, 
Clay. I and tabular calcareous concretions. Fossils l throughout, hut most abundant in the hlocks of 

stone - ± to 5 

Reading 
Beds. 

Chalk. 

Slightly mottled hluish and red clay, eastwards 
grey 

Irregular seam of sand, yellow or light hluish 
Mottled hrown and hlue clay I 
Dark grey clay -
jlottled red and grey clay, the lower part of f 

a lightcr colour - - - - -
Irregular seam of white sand - - - -
Red clay 
Light-grey clay -
Very dark grey clay -
Red clay 
Light-grey clay -
Yellow sand with hands of hrown clay 

said to he continued as follows :
Dark clay -
Ash-coloured sand 
Green-coated flints, &c. 

* Jlem. Geol. Sw' ve II, vol. iv. (1872), p. 189. 
t Quart. Joun~. Geot. Soc. vol. vi. p. 266, and vol. x. pp. 88, 89. 
6150. D 2 
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2 

23 

2 

10 
5 
1 
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The basement-bed rests on a somewhat irregular and worn 
surface of the Reading Beds, and "this section also f'hows I,he 
peculiar wayed and irregular lines of bedding of these strata." 

W.W. 
The Reading Beds are worked at the brickfield at Ruscombe, 

and in 1891 the section ,ms as follows ;-
Feet 

Plateau. GraBI 3 

Reading 
Beds. 

:\Iottled clay on the south side of the working, not 
bottomed about 30 

On the north side of the ,,-orking the mottled clay was 
only about 1 i feet thick and was underlain by 
yellow current-bedded sand, of ,,-hich 10 feet 
;Yas shown. 

In October, 1902, the section seen was more to the north than 
in 1891, and showed 12 feet of current-bedded sand on the south 
side, and greyish clay on the north side. 1\11'. Ll. Treacher tuld 
us that this clay had not been found below the sand. 

The bottom-bed, dark clay, 6 feet, black stones and green
coated flints, 3 feet thick, was traversed by the well at 
Twyford Yicarage.* 

The Reading Beds haye been proved in several wells to the 
sOllLh of their outcrop. 

At W oolhampton their thickness was found to be about 
721 feet.t At Oakfield, Stratfield l\Iortimer, a thickness of 69 
feet was recorded,! and in other wells near that place beds of 
" stone" or "rock," probably indurated sand, were found in 
the Reading beds.~ At Bearwood the unusual thickness of 86 
feet is stated to have been found, II but possibly this is an error, 
for at 'Voking-ham the thickness in one well was found to be 
70 feet, and in another only 68 feet.~ 

X UTE OX PLAST::> FRmr 'V ATERLOO BRICKY ARD, READI~G. 
By E. T. Xe,,-ton, F.RR. 

The plants collected from the Reading Leaf Bcd in the rail
way-cutting, Reading, and described by Sir J. D. Hooker in l\, 

"Note" following Prestwich's paper,** were not named; and I 
am not aware that they haye smce been determined; their frag
mentary nature preyenting any useful comparison ,yith other 
"pecilllens. A series of lea yes, etc., were c01lected for Mr. J. 
H. Blake some years ago, by Mr. J. Rhodes, n'om these beds 
in the 'Yaterloo Brickyard, and were examined by 1\11'. G. 
~harman and 111yself. Certain ot these are probably the same 
forms as were figured by Sir J. D. Hooker. Two or three fairly 
good fronds of a fern seem to us to agree precisely with the form 

, "Water Supply of Berksbire," Jler>~. Ceol. S1t1'vey (1901), p. 87. 
tOll. cit., pp. 101, 102. ! Op. cit., p. 78. SOp. cit., p. 77. 

Op. cit., p. 25. • Op. cit., pp. 91', 99 . 
•• (J7tal't. Joum. Geol. /30c. 1'01. x. p. 163 (1854), 
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fioured by Saporta * as Asplenium subc)'etaceum, afterwards 
n~med by Mr. J. Starkie Gardnert Anemia s'Ubcretacea, and we 
have referred the Reading specimens to the same species. 

FIG. 12. FIG. II. Fw. 13. 
A~alia ? cf. A. Iooziana, Anemia subcretacea, Laurus ? 

S. &M. Sap. 

Several tripartite leaves more or less fragmentary resem hie 
those of the Maple (Acer). Other triple forms more deeply 
divided and with serrated edges are evidently more nearly related 
to the Aralia as figured by Saporta and Marion,! and may be 
com'pared with theIr Aralia looziana. Some large ovate leaves 
remmd one of the Laurel (Laurus), and have the general form 
and venation of Laurus jovis, de la Harpe.§ Other smaller 
leaves, narrower and more lanceolate, resemble those of the 
Willow (Salix). One example of the basal part of a leaf bears 
a very close resemblance to the Litsaea figured by Sa porta 
and Marion,lI and another fragmentary specimen has venations, 
so far as preserved, resembling the Vib'Urnnm.ft 

There are two or three examples of what appear to be slnall 
cones with slender bracts broken across; but at present they 
remain undetermined. 

Quite recently Mr. O. A. Shrubsolc obtained a series of plant
remains from another part of Messrs. Poulton's pit (about 200 
yards to the north, see p. 35), and these seem mostly to be re
fera ble to one or other of the forms aboye mentioned, but one or 
two may be dIfferent, and they have not yet been determined. 

E. T. N. 

* Mem. Soc. Geol. Fr., Ser. 2., vol. viii., p. 315., pI. ii., fig. 4. (1868). 
t Brit. Eocene Flora, p. 45., pIs. viii. and xi., Pal. Soc. (1880). 
t Heersienne de Gelinden, p. 771 pI. xiii., figs. 1-3 (1877). 

Mem. Couronnes, L'Aca,d Hoyale Belg. (1878). 
§ "Geol?gy of ~he Isle of Wight," pI. vii., fig. 3, ¥.em. Geol. Sw·P. (1862). 
II Loc. Clt., pI. Xl., figs. 1-3. 'IT Idem., pI. XII., fig. 1. 
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CHAPTER YI.-LOXDO~ CLAY. 

This great clay formation appears at the surface within the 
area occupied by the main mass of the Reading Beds, with Bag
shot Beds and Drift-deposits overlying it in many places; and it 
also occurs on some of the outliers of the Reading Beds, where 
it is, in most cases, itself partially covered by Drift. 

It consists of stiff brown and dark bluish-grey clay, with layers 
of concretionary masses of argillaceous limestone known as 
septaria. It is ,ery uniform in character, excepting near the 
top, which is often sand,', and at the bottom, where there is a 
,ery well marked and persistent basement-bed from 6 to 18 feet 
in thickness. 

This basement-bed consists of loam and clay interstratified 
with brown and olive-green glauconitic sand. It often contains 
septaria, nodules of concretionary argillaceous ironstone, flint 
pebbles, lignite, and iron pyrites, and sometimes the whole bed 
is blackish, owing to the presence of carbonaceous matter. It 
is often ,ery fossiliferous. 

The well at the ,Vokingham ,Yaterworks * in the Finchamp
stead Road passed through 273 feet of London Clay, and the top 
of the well is about 19 feet below the le,el of the bottom of the 
Bagshot Beds, so that the London Clay is about 292 feet thick at 
,Yokingham, on the eastern border of the district. It thins 
towards the west At the Poplars on Burghfield Hill a well 
passed through 205 feet of London Clay; and, as its site is close 
to the edge of the BaO'shot Beds, that must be nearly the full 
thickness of the Longon Clay.t At ,Yoolhampton the total 
thickness was found to be only 176 feet.! 

The following fossils from the top beds of the London Clay at 
,Yokingham, were collected by ~Ir. L1. Treacher, and identified by 
the Suney PaLeontologists ;-

Serpula 'bognoriensis, illant. 
N llcula Bowel'ballki? SOIl', 

(internal cast). 
ProtocardiulU nitens, SOU'. 

Modiola elgans, Sow. 
C\,therea tenuistriata, Sow. "ar. 
l'~'prina 8cutellaria, Lam. 

(= C. planata, SOlC.) 
Astarte rugata, Sow. var. 
Tllrritella (intern<ll east). 
Prrula Smithi, Sew, 

Plcurotoma teretriulU, Edw. 
" sp. 

Pisania (Bllccinum) labiata, 
J. de C. Sow. 

Katica labellata, Lam. 
FUSllS, 8p. 
Cypl'rea Bowerbanki, 5ow. 
Cassidaria nodosa, Solande1'. 
Actaeon (Solidula) simulatus ~ 

k. .... ,rOlC. 

Odontaspis eIcgans, Ag. 
" macrotus, Ag . 

• " Water Supply of Berkshire," J[em Geol. Snn'ey (1901), p. 9i. 
+ Op. cit., p. 33. 
::: Op. cit., p. 101. 
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OUTLIERS NORTH OF THE THAMES. 

There is a small outlier of London Clay north-east of Emmer 
Green. As has all'eadv been stated it is brought in by three 
faults arranged in the f~rm of a triangle, and is described by Mr. 
"Whitaker as follows :-* 

" The London Clay * * * * is mostly of a bluish-grey colour, but 
partly brown and containing septaria (with fossils) and ironstone. 

" The basement-bed is not seen in the section; but I was told 
that in sinking in the orchard just by, and at the same level as 
the Reading Beds in the brickyard, below about 30 feet of blue 
clay, there was a sort of loam, with a little green sand and with 
shells. I saw some of the shells which belong to the basement
bed.****Some of the septcP'ia lying about are very full of Dit1'upa 
]Jl(ma and probably COlDe from the same bed. Pectuncltlus 
brevi/'osi/,is is also abundant." - \V.\V, 

OUTLIERS SOUTH OF THE TH.-UlES. 

Frilsham.-The following account of this outlier is also by 1\1r. 
Whitakert ;--

"The outlier of the Reading- Beds neal' Frilsham, as before 
noticed, is capped with London Clay, the boundary-line of which 
is much hidden by grayel, as well as by the thick woods on the 
high ground. The basement-bed is exposed in the road-cutting 
to the west of Frilsham House; it contains flint-pebbles and 
ironstone, is underlaid by mottled clay, and dips to the south. 
On the hill, above Frilsham, by the spring before mentioned 
(p. 20), there are the remains of a small brickyard, with a shallow 
section in brown London Clay. Along the road, higher up, a few 
rounded flints occur in the clay. In the brickyard farther 
southward, by the hedge at the highest part, there is a little of 
the basement-bed above red mottled clay; and, lower down, in a 
mass that has slipped over the Reading Beds, are two small 
sections of the same, which consists of light brown loam, with a 
few scattered flints (rounded and sub-angular), and pieces of 
ironstone. In the eastern part of this irreguhr-shaped outlier 
there are no sections; but in the fields on the north-east of 
Rusdens [i.e. east of Field Farm] t.here are many of the large 
flint-pebbles of the basement-bed. Just above the kiln, nearly a 
mile to the south of Yattendon, there is mottled light-brown and 
grey sandy clay passing into the basement-bed, consisting of the 
usual brownish loam; the bottom of thiR was not shown."-\V. W. 

Yattendon.-There are two outliers ot London Clay to the 
south of Burnt Hill on the Yattendon outlier of Reading Beds. 

Mr. F. J. Bennett describes the larger outlier n,s a thin capping, 
and adds that the section at Luckshall Farm Kiln shows 8 feet 
of rusty brown cln,y resting on red mottled clay. The former 
being, he believed, London Clay. 

-:< "Geology of the London BJ.sin," MUll. (leo!. SU1'l'ey, vol. iv. (1872), p. 305. 
t Op cit., p. 300. 
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Tilelml'st.-}.Iuch of the eastern part of the Tilehurst-Reading 
outlier of Reading Beds is co,ered by London Clay, which is, 
however, to a gre;t extent bidden under Drift. A ~ell gave 42i 
feet of London CIa." including the basement·bed, which measured 
121 feet.* 

Sections at a brickyard south south-east of Tilehurst and at 
X orcot Kiln haye already been described. (See pases 25 and 31.) 
At the last-named place, casts of shells were found in iron-sand
stone in the basement-bed. The following list is from Mr. 
"Whitaker's Geology of the London Basin, 1872. (Seepages 198, 
583-6 ) 

Aporrhai~ Sowerbyi, Mant. 
Cassidaria. 
Fnsns. 
Xatica. 
Puula. 

Cyprina ?llorrisi? Sow. 
Cytherea obliqua 1 Desk. 
Pectunculus terebratularis. 
Ditrupa plana. Sow. 

Lam. ? 

}I ... second patch of London Clar occurs on the Tilehurst outlier. 
It is in Prospect Hill Park, and a section, showing the basement
bed, has already been gi,en at page 31. 

TV a?'gm re-B O1L'sey Hill. - A considerable portion of the 
"Wargrave outlier of Reading Beds in this district is covered 
bv London Clay, which must be of considerable thickness. 
))11'. \Vhitakert notes the occurrence of the basement-bed along 
the road rather more than half-a-mile east of Chamberlain's 
Fn,rm, "which is apparently the place named Gibstrude Farm on 
tho new series of the map. In it he observed a beel of flaggy 
sandstone at least a foot thick. 

The basement-beel was also seen at the side of a field west of 
Bear GroYe. 

l.Lux ]\IAss. 

The main lllass of the London Clay extends practically o,er 
the southern half of the district. It is, however, largely coyered 
by the Bagshot Beds and by Drift. The formation is so uniform 
in character that a detailed description of sections is unnecessary. 
The basement-bed is, howeyer, of interest on account of its 
abundant fossils, and deser,es more particular notice. 

At Burghfielcl, when the serpentine road-cutting was made on 
the sloping ground to the east of Hosehill Farm, a little more 
than one mile and ;t quarter north-,Yest of the church, a good 
section of London Clay was exposed. It consisted mostly of 
well-str<ltitied brown loam and clay. No fossils were seen. 

At the brickyard a quarter of a mile south-west of Hosehill 
Farm, many fossils, mostly fragile, were observed in 1886 in a 
t.hin bed in the London Clay, exposed in a section in the south
eastern corner of the brickyard, it little below the general floor of 
the working. 

* " Water Supply of Berkshire," Jfem. Ceol. 8w'lIey (1901), p. 85. 
t "Geology of the London Basin," Jffm. Oeol. SUr/'ey, vol. iv. (18,2), p. 300; 

und "Geology of London," yol. i., p. 231. 
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This is the locality noticed by 1\1r. -Whitaker* as follows:
" At the brickyard at Woolwich Green, north of Sulhampstead 
Abbots, there is a large section in brown London Clay.* * * When 
I saw the section (in 18(0), the basement-bed was just cut into at 
the northern end. It consists of the usual brown loam, and, 
although but little of it was to be seen, two or three beds of 
fossils -were shown. It also contained a little clayey ironstone 
and some selenite, which latter I had not notlCed in the 
basement-bed elsewhere." The fossils found here were as 
followst :-

Actreon. 
Aporrhais Sowerbyi, J£ant. 
Fusus. 

Cyprina Morrisi, Sow_ 
Cytherea obliqua 7 Desh. 
l\lodiola, sp. 

Natica labellata, Lam. 
Natica, sp. 
Pleurotoma, sp. 

Nucula, sp. 
Glycimeris (Panoprea) sp. 
l'ectunculus brevirostris, Sow. 

A vicula, sp. 
Tellin'~, sp. 

decussatus, Sow. 
Cardium, sp. 
Corbula, sp. 

The following section was exposed in 1886 in a small clay 
pit at the eastern end of Bennett's Hill Copse, at the fotl't 
of the slope, nearly one mile N.N.W. of Burghtield Church:-

Brown loam and clay, more or less stratified - 8 6 
Greenish sand interstratified 

with brown clay, with three 
j 

~.fu 

beds containing numerous 
London l Basement- shells; and with black flint 
Clay. b d pebbles here and there at the 

e . base, some of which measured 
2t inches in their longest 
diameter 3 6 

Brown sand 1 0 
There is another clay pit one mile N.W. by N. of Burghfield 

Church, on the western side of the road, known as Bennett's Hill, 
adjoining the copse of that name. The following section was 
exposed in 1836 :-

London 
Clay. 

Brown loam and clay, more or less stratified. 
Ft. In. 
9 0 

Basement
bed. 

Brownish and greenish sand, interstra
tified with nine thin beds of brown 
and grey clay; and containing a 
mass of shells in a fragile condition, 
throughout - 2 3 

Slightly induratc:(l and laminated 
brown loam and clay, with indi-
cations of plant remains 0) . 0 6 

,Yhite sand, fincly stratificd and con
taining irregular-shaped orangc-
coloured sandy concretions . 2 0 

*" Geology of the London Ba~in," 3fem. Geol. Survey, vol. iv. (1872), p 295. 
tOp. cit., p. 58:3, etc. 
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Brown sandy loam with orange
coloured concretionary nodules at 

Ft. Ins. 

the top- " - 4 0 
Hard greenish-grey and brown sand-

stone, the bottom very irregular. I.ondon 
Clay, 

(cont. ) 
20 feet. 

Basement
bed, 

(cont. ) 
11 Feet. 

From 9 inches to 1 6 
Mottled brown and grey clay con-

taining nodules of clay and a few 
scattered large oval flint pebbles, 
which measured from 4 to 5 inches 
in longest diameter 

Reading Beds 7 Loose brown sand, more or less stratified, and 
o 9 

containing some greenish hands in places exposed to - • 3 0 

The hard sandstone mentioned in the above section formed the 
floor of the pit, but it bad been broken through in places in order 
to obtain some of the loose sand beneath it. The surface area of 
this hard bed exposed measured 24 by 8 feet. 

Southern Hill, Reading, is formed of London Clay with a 
cap}?ing of Drift. The basement-bed with shdls was exposed in 
,lnutley Hill by the road side. 

Mr. Whitaker* remarks that:" At Katesgrove Kiln, the 
basement-bed is shown, and has yielded many fossils. When 
paying a flying visit to this section in 1862 with my colleague, 
Mr. T. McK. Hughes, we found a slab of hard stone in the base
ment-bed; it was crowded with Ditrupa and other fossils, the 
most noteworthy being some dozens of specimens of the little 
Herniaster Buwerbanh. Mr. R. Gibbs, our fossil collector, also 
found a number of the same. The species had not been 
recorded as occurring in this bed, unless as the Spatangu8, got 
by Mr. Prestwich at Sonning."-W. W. 

The following note of the basement-bGd at Katesgrove Kiln 
was made in 18R3 :-

Hard ferruginous sand with a layer of shells 
Sand 
Green sandy clay full of shells 
Sand 
Green sandy clay full of shells 
Dark clay 
Carbonaceous bands -
Dark clay 

Ft. In. 
o 4 
o 3 
o 6 
o 6 
o 3 
1 0 
o 10 

The hill in the side of which this excavation is made is known 
as Bob's Mount. At the northern end, the following section 
was exposed in March, 1888, during the buildi~g of the houses 
alonD' the new street, at a spot situated two chams south of the 
end 7>f Hill Street and exactly opposite to it. 

"Op_ cit., P 296. 
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Soil and Plateau Grayel - from 5 to 8 feet. 

L<:ndon Clay. 
Basement-bed, 

10 feet. 

Brown loam with numerous thin beds 
of grey clay in it, and concretionary 
nodules of brown ironstone. These 
nodules commenced at 18 inches from 
the top and occurred in layers along 
the thin grey clay bands throughout 
nearly the whole thickness of the bed 
exposed, with occasional iron nodules 
here and there as well. The section 
presented a stratified' appearance. 
brown in colour, with the exception of 
the uppermost 18 inches, which was 
more or less mottled ,yith red and 
grey 10 feet. 

Another section of the basement-bed was exposed at the same 
time north-west of the above spot; and about two chains west 
of the end of Hill Street the section was as follows :-

Soil and Plateau Gravel 
Ft. In. 

3 0 

London Clay. 
Basement-bcd, 

l:?~ feet. 

Brown loam with thin beds of grey 
clay and layers of iron nodules, similar 
to those in the above section but not 
so numerous 

Orange-coloured sand, greenish in 
places 

Chocolate-coloured clay with brigbt 
green specks and patches iu it, am1 
black flint pebbles 

Buff and brown salld with flint 
pebbles, a few small pebbles of chalk, 
and a few nodules of mottled clay 
derind from the underlying Reading 

I Beds; one measured 6 inches in 

8 o 

1 to 1 6 

3 

, longest diameter 3 0 

The following fossils were obtained from the London Clay 
basement-bed at Bob's Mount and named by the Survev 
Pahcontologists :- • 
Ditl'llpa plana, SOU'. Protocardinm sp. 
Cytherea tenuistriata, Sow. (=C. Aporrhais Sowerbyi, Mmd. 

suessoniensis, TVatelet). Fusus sp. (cf. Speyeri, Desh.). 
Pectunculus (Axinrea) brevirostl'is, Natiea hantoniensis? Pilk. 

Sow. Natiea labellata? Lam. 
Ost?'ea bellovaci??a, Lam. was obtained from the London Clay 

a few feet above the basement bed at the same place. 
The following fossils from the London Clay (basement-bed) 

were obtained in drainage works in Redlands Road, Reading 
and determined by the Sl~ryey PaL-eontologists:-
Ditrnpa plana, Sow. Modiola elegans, SOY'. 
Hemiaster branderianus, Forb. "simplex, Sow. 
Cytherea tenuistriata, SOlO (= C. Nueula sp. 

suessoniensis, lVatelet). Ostrea bellovaeina 1 Lam. 
Glyeimeris (Panoprea) intermedia, Peetullculus (Axinrea) brevirostris, 

Sow. Sow. 
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Protocardium La,toni, JIol"l". fusus sp. (d. Speyeri, Desh.) 
" phlrnsteadiense ? SOle. " sp. 

Aporrhais Sowerhri, JIa nt. Xatica hantoniensis, Pilk. 
Bulla sp. " sp. 
Cassidaria sulcaria ? Desh. Puula nexilis ? Lam. 

The following is by ~Ir. Wbitakei" *:-
"At the brickyard U mile south of the cross roads at the 

Cemet81T and] to the east of Redlands House, the following beds 
were to be seen in 1858, but the brickyard has since been oiven 
up and the section hiclden (1862) :_ 1:> 

Drifted clay and grayel. 
London Clay.-Bluish-grer and brmyn stiff clay; the lower part 

rather sandy, and with a little ironstone; about 12 feet; passing 
into the bed below. 

Basernentbed.-Brownish sandy clay, with a few small flint
pebbles and lines of ironstone (with fossils), more sandy towards 
the base, in fact passing into clayey sand. About 6 feet from 
the top there is a bed of shells, 5 feet below which is another 
hed, and between the two a few scattered shells. Not sunk 
through; greatest thickness about 12 feet. 

H There are lying about some rather flat masses of limestone, 
which come from the lower part of the basement-bed."- \y, \V. 

The basement-bed was exposed in some excavations for main 
drainage in ,V okingham Road, Earley, to the east of Reading. 
The following fossils obtained there haye been determined by 
the Suryey Palreontologists :-

'Yood (Lignite). Protocardiurn Layton!, lIIorr. 
Ditrupa plana, Sml'. " ph;msteadiense, 
Hemiaster branderianus, Forl,cs. SOIl'. 
Cytherea orhicularis, Edlc. Acta'on sp. (near to ~.\.. linlllei-

" tenuistriata, Sou'. (= C. forIllis, Samlb.) 
suessoniensis, lVat.) Aporrhais Sowerbyi, JJant. 

Cyrtodaria (Glycimeris) rutu· Buccinulll ? 
piensis ? 3101"7". Fusus (!-Itrepsidura) turgidus, 

Modiola elegans, SOIl'. Solandel'. 
" simplex, SOIC. " sp (Ii Speyeri, Desh.) 

::'\ucula sp. Natica hantoniensis, Pill.:, 
Ostrea belloyacina, Lam. " labellata, Lam .. 
Pectunculus (Aximea) brmiros- Pleurotoma terebI:alis, Lam. 

tris SmC'. "teretnulll, Edw. 
At the brickyard ,kno,,:n as ~Iock Beggars') north of White

kniahts Lake and nearly half-a-mile west-north-west of St. 
" 'v 7 Peter's Church, Earley, an excayation made in February, 188 , 

showed the followiua section ;- Ft. In. 
~ (Bro,yn ~am - - - 1 ft. 6 in. to 2 G 

, alley _ Grayel restinO" yerV irregularly on the London 
Gl'a I'el, etc. l CIa}: _ :' : - - - 1 f~. to :2 0 

London f Brown ~nd grey s~n~y loam and c~a.r, ~,ometl,~n?S 
CIa I". OTeelllsh contallllllO" much whIte race 111 

Rasenient- places, a~ld numerOl~s shells at diffcrent leyels- 3 0 
bed. ) Brown sand, ill places pebbly and ~l'ayell.r, 

\ with shells, from - - - 6 mches to 0 8 

* ,. G'eoloD"v of the London Basin," .Ile/ll. Ceol. SUI·V., yol. iv. (1872), p. 296. 
o. 



Reading 
Beds. 

LOXDOX CLAY. 

, Greenish-grey stiff clay, slightly mottled with 
red and brown in places. At its junction 
with the bed aboye, there is an eyen but 
slightly undulating and well-marked plane 

I Dark grey and brown clay mottled with red, 

l' there being a large quantity of the latter or 
crimson in the lower part exposed to -

49 

Ft. In. 

2 6 

7 0 

In another portion of the same brickfield, but on higher 
ground, an excnxation in 1886 showed 16 feet in thickness of 
London Clay, consisting of brown loam and clay. 

This brickyard is at almost the same place as that described by 
Mr. ,Yhitn,ker as about half-a-mile to the east of the one near 
Redlands.* 

The following fossils were obtained from the basement-bed of 
the London Clav in this brickfield. Thev have been determined 
by the Survey Palreontulogists. v 

Wood (Lignite). "Kucula sp. 
Ditrupa plana, Sow. Pectnnculus (Axinma) breyir-
Hemiaster branderianus, ostris, Sow. 

Forbes. Protocardium Lay toni, 11101'1'. 
Cytherea orbicularis, Edw. "sp. 
." tenuistriata, Sow. Fu.slls sp. (cf. Speyeri, Desh). 
(= C. suessoniensis (lVa.t.) "sp. 

Glycimeris (Panopffia) inter- Natica labellata, Lam. 
media, Sow. I" sp. 

Fossils from the London Clay a few feet above the basement-bed: 
Lamna Yincenti, Winkl. Otodus obliquus, Ag. 
Odontaspis cuspidatus, Ag. Vertebra (Elasmobranch). 

" elegans, Ag. 

The following fossils, collected from the basement-bed of the 
London Clay at Sonning by :Mr. Ll. Treacher and the author, 
have been determined by the Survey Paheontologists :-

Ocnlina raristella, Defr. Pholas Levesquei, Wat. 
Ditrupa plana, Sow Protocardium plumsteadiense, Sow. 
Cyrena tellinella, Fer. and Desh. Tellina sp. 

" sp. Aporrhais Sowerbri, 11Ianf. 
Cytherea orbicularis, Edw. Buccinum ? 

" tenuistriata, Sow. (= C. Calyptr<ea sp. 
slles~oniensis, TVaf.) Cassidaria sulcaria 7 Dcsh. 

Glycimeris (Panoprea) intErmedia, Fusus sp. 

l\1odiola, sp. 
NUClda venusta, S. Wood. 
Ostrea sp. 

S01(,. N atica hantoniensis, Pille. 
" labellata? Lam. 

Pseudoliva sp. 
Odontaspis cuspidata, Ag. 

Pectunculus (Axinrea) breyiros
tris, SoU'. I 

Mr. Whitakert saw a section of the basement-bed in a ditch 
on the western side of the road leading to HLlrst Green, nearly 
three-quarters of a mile south-west of Haines Hill. "N ear the 

* Op. cit., p. 297. tOp. cit., p. 297. 



50 GEOLOGY OF READING. 

cross roads there was clayey sa:nd with Ditl'np((, Ostrea, Pectun
cltlus and other shells, and flmt pebbles; further towards the 
Green there was brown clay with "race" (irregular-shaped 
calcareous concretions); beyond this light bluish-grey and brown 
mottled loam; then brownish sand with flint-pebbles; and farther 
still the same without pebbles. [He] could not make out the 
super-position of the different members of the basement-bed, but 
it is clear that together they taKe up a great space at the 
stu·face." 

In the brickyard south of Mortimer, Nlllltil1t8 centrc,li8, Sow. 
was found in the London Clay, and Mr. L1. Treacher has col
lected teeth of Lamna as we'll as Pectt~nCL~lus, Cyprina, etc., 
from the brickyard dose to \Yokingham Station 

FO~~ILS FHO:'>I THE R\SE:'>IEXTBED OF THE LO~DOX CLAY. 

LOCtlities from 'rhieh the fossils have been obtained, with 
references to the sources of inforl1littion :-

1. Ellglcfield Brickyard; Prestwich. Quart. Jourl/. Geol. Soc. yo1. 
vi. (1850). p. 266. 

.) 

3. 

4. 

5. 

6. 

7. 

R L. 

9. 

~ meat Brickyard, Tilehurst; 'Yhitaker. Geulo[1!J of the London 
jJasin 1872, p.583. 

\\' oolwich Green, Sulhampstead Abbots; 'Yhitaker. (Ibid.) 
(KatesgrOl'e Brickyard; Prestwich and Whitaker. (Ibid.) 

I 1· , (lac. cit. p. 266.) 

" Bob's ~IOUllt,,... close to h.atesgroYe; J. H. Blake. See {eae lnO"l -
abo1'e, p. 41. 

" Redlands Brickyard; 'Yhitaker. (lac. cit.) 

" 
Drainage 'V orks, Redlands Road; J. H. Blake. See 

aboYe, p. 47. 
" Do. do. 'Y okillgham Road; J. H. Blake. 

See aboye, p. ,l8. 

r~Iock Beggars' Brickyard, 'Yokingham Road; J. H. 
Blake. See above, p. 49. . 

'lBrickyard east of Redlands (same place), 'Yhitaker 
(lac. cit.) -

Sonning Cutting, Prestwich (laC. cit. p. 267.) and L1. Treacher 
and J. H. Blake. Se p ahoye p. 49. 

R\SDIEXT-BED OF THE LOXDO~ CLAY. 

1 r 2 3 I + I 5 I 6 I 7 891 
Oculina raristella, Difr. -
Ditrupa plana, Sow. 

--------T 
1 2 4 5 6 7 8 9 

Hemiaster Branderianus, Forbes 
Bowerbanki FOJ'bes 

Spat~'ngus sp. (1 = Hen~iaster)-
4 

G 7 8 
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Holoparia Belli, JFCoy _ Ii, _ 

Astarte sp. 
Avicula sp. 
Corbula sp. 
Cyprina Morrisi, J. de C. Sou·.
Cyrena tellinella, Fer. and 

Desk.-
" sp. 

Cyr~odaria (Glycimeris) rutupi
ensis, 1110/'.

Cytherea orbicularis, }.fa/,. 
" tenuistriata, SoU'. 
(=C. suessoniensis, JlTat.) 

Glycimeris (Panop:ea) inter
media, Sow.· 1 

" "sp. 
1Iodiola elegans, Sou'. 

" depressa, SoU', 
" simplex, J. de C. Sow. 
" sp. 

"\fytilus sp. 
?\ ucula venusta, S. Wood 

" sp. 11 
Ostrea bellovacina, Lain. 

" pulchra, Sow. (7 0, pul
cherrima, TV ood) 

" sp. 
Pectllnculus (Axin:ea) breviros· 

" 

tris, J. de C. Sow. 
decussatus, Sow. -
plumsteadiensis; 

Sow. 
" terebratulari~, Lam. 

Pholas Levesquei, Waf. -
Protocardium Lay toni, 11Iol'ri~

" nitens, Sow. 
" plumsteadiense, Sow,
" semigranulatum, Sow.-
" sp, 

Tellina sp. 
Yenericardia ? 
Act:eon sp. 
Aporrhais Sowerhyi, ilIant. 

" Il.Sp. 
Buccinum sp. -

Bnll~'sp. 
1 

Calyptrrea aperta, Solande/' ( = 

C. trochiformis, Lam.)
Cancellaria l:eviuscula, Sow. -
Cassidaria snlcaria ~ Desk. 

" sp. -
.Fusus sp. (cf. Speyeri, Desk.) 

" turgid us, Solander-

1 

I 
I 

37 -
3 I 

27 31 -

'I 
-I-

2 

I 
-1-

! 4, 

37 -
4, 

5? 
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4 
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Fusus sp. ') 3 4, 5 6 8 V 
Natica hantoniensis, Pili.:. 47 6 7 a 

" 
labellata, Lam. 3 4, 7 8 a 

2 I 3 4, 5 6 8 " sp. 
Pleurotoma terebralis, Lalli. " 

II teretriull1, Edlc. 7 

" 
sp. 3 4 a 

Pseudoliva sp. a 
Pyrula nexiIis, Solander - - 1_ 61 -

sp. .) 

" Scalaria sp. 4 9! 
Yoluta denudata, J. de C. ~""'I)IC. I - al 
Lamna (teeth) ~j 

Odontaspis cuspidata, Ag. 1- a 
i 
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CHAPTER YII. 

UPPER BAGSHOT, BRACKLESHA~I, AXD 

LOIVER BAGSHOT BEDS. 

53 

The Lower Bagshot Beds rest more or less conformably upon 
the London Clay, there being apparently passage-beds in places. 
They consist ot' buft; brown, yellO\\-, grey and white sands, with 
thin beds of pale grey pipe-clay 111111 occasiollillly laminated white, 
gl'ey, and liyer-coloured clays. The sands are well stratified, 
very often current-bedded, frequently micaceous, in some places 
felTu~inous, ami contain occasional beds of flint pebbles. The 
full thickness is onh- found in the south-eastern corncr of the 
district, and it is thell probably ncarly 100 feet. 

They coyer a large area in the southern part of the district, but 
are usually hidden by the Plateau Gravel. In most cases the 
Lower Bao'shot Beds can be seen along the slopes of the hills 
beneath tlle leyel of the sheets of gravel. The,e beds, with their 
capping of grctvel, form the Comm~ns of Bucklebul'Y, Crookham, 
Brimpton, Padworth, Burghficld, Silchester and Barkham. 

LOWER BAGSHOT BEDS-OUTLIERS. 

The following notes 011 the western outlier are by Mr. Bennett :
In the south-westeraportion of the district the Lower Rlgshot 

Beds seem to be largely clay or sandy lo,.m with occasional beds 
of sand, but sand seems to be the exception, for wherever it is 
found it is dug, and there are very few sandpits. 

There seems to be a gradual passage from the London Clay 
into the Lower Rtgshot Beds, though sometimes a bed of pebbles 
occurs at about the boundary. 

Bncklebury Common.-On this large outlier sandy loam was 
noted in some of the road-cuttings leading from the Common, 
but only one good section was seen. It was at i\Iidgham Kiln, 
and the section in 1887 was as follows :-

Grey and brown mottled sandy clay -
Brown clayey sand -
Stiff brown and grey mottled clay 
Soft buff sand - - - -

Feet 
4 
I! 
3 
3 

The section mentioned ill " The Geology of the London Basin," * 
at the kiln neal' Harts Hill no longer exists. 

The Lower Bag'shot Beds are stated to have consisted "of 
alternations of ye)low and white sands, with pale blue clay ami 
layers of iron sand-stone." 

6150 
* .lIon. Gcol. SUl'vey, YO!. vi. (lSi2), p. 310. 

E 
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A.t U ppe!' \Yoolh,llllpton the Bagshots have been found to 
extend farther than was shown on the old map, and this is in 
agreement with the record of the well sunk at St. Mary's College, 
vVoolhampton. \Vest of :\Iidgham Green sandy loam and red 
sand may be seen, and reddish loam in the road west of the 
College. There is also a scattering of pebbles on the surface of the 
ground here and there. The road-cuttings north and south of 
the Blade Bone public house, Chapel Row, show mottled red and 
grey clay. Half-a-mile west of Hall Place Farm, and almost mid
way between it and Woolhampton Church, a small section 
showed five feet of reddish-brown bedded loam. 

Four small outliers have been mapped near Woolhampton. 
Omokham Oommon.-Only the eastern end of this outlier 

lies in our district. The gravel in some places covers up the 
Bagshot Beds, and no good sections were seen. 

H'Ltntsl1wor Hill.-In the road-cutting at the north of this 
outlier brown sand and brown and red mottled clay may be 
seen. There are two small outliers near Ashford Hill. 

Silcheste-r.-A large outlier extends from Wasing to Sulhamp
stead and away south beyond our area. It is almost wholly 
covered by Drift, and the top is flat and mostly wood and heath 
land. Brimpton, Padworth, .Mortimer, and Silchester Commons 
are upon it. 

""Vest of Brimpton Common the road cutting west of Black nest 
Farm shows loam. 

At Ashford Hill Kiln the section in 1887 was as follows:-
A little gravel. Feet. 
Stiff brown and grey clay, bedded, at bottom 

darker, and containing much iron 5 to 6 
Stiff dark-brown clay with iron-pan at bottom 1 
Soft brown sand - - 2 to 4, 

Below this there were alternations of loam and sand. This 
section is on the side of the valley and close t.o the top of the 
hill. Lower down the slope and near the stream another pit 
showed five feet of brown sandy clay with ll'ony concretions. 

South-east of the kiln loamy soil is shown on the sides of the 
valley. 

The section at Inhurst Brickyard in 1887 showed. 
Subangular gravel. Feet. 

7 Grey and red laminated clay with sandy partings 
Sand (base not seen). 

At Tadley there was a kiln close to the Fox and Hounds 
public house. It showed, in 1887, the following sections: .-

Northern Pit. 
Gravel. Feet. 
Rather coarse, yellow sand wIth seams of pipe clay 9 
Finer, yellow sand - - - - - 3 

Then I was told they came to clay and water. 
Southern Pit. Feet. 

Much contorted gravel in clay matrix. Grey and brown 
mottled laminated clay. Very dark shaly clay with 
much black, pyritised, woody matter 10 



South-east of the Fox tmel Hounds, small pits showed gravel 
oyer pipe-clay; yellow s,md: and zrrayel oyer sand. 

About half-a-milc e,lst of the F3x and Hounds a pit showed 
in succ.~ssion grayel oyer clay and sand. . 

On Sllchester Common, a third of a mIle south-east of the 
Crown Inn, sand capped b!- grayel wa~ seen, and nearly ~ rJ?ile 
north of the Inn at Hungry Hill there was a simIlar 
sectioll. 

The section at ~IOl·timer \\T est End Kiln showed stiff grey and 
brown mottled clay yery much like the Ramsdell clay, up to 10 
feet. \Vest of this sand was dug, and the section in 1887 was 
thns;- C 

Gravel. Feet. 
Brown and grey lamill11ted cIa.", hecoming a pipeclay when 
~t 6 

Rather coarse, yellow sand - 2 
Finer yellow sand and pipe-clay - 3 

This pit seemed to be abandoned 111 1897, and no section 
was to be seen. 

A third of a mile east of the south gate of the Roman city 
of Silchester a small section showed ferruginous sandy clay over 
ferruginous clayey sand. North of this, and in the road north
west of Sheepgrove Farm, mottled laminated clay over sand was 
seen in the road-cutting. Half-a-mile westof Broca Lane Farm, 
in a new drain, ochre was seen in ferruginous clay and the like 
south of Sims Farm. 

Half-a-mile due east of the school at Pad worth, a pit in TJfton 
Park Wood showed 10 feet of bedded buff sand with pipe-clay. 

F. J. B. 
Brickelton Fa1'm.-'l'here is a small outlier north of this 

farm. In 1891 sanel was seen in a elitch-section 10 chains south
east of the Silchester Arms. 

Hed:fielrl.-Only a portion of this outlier lies in this district. 
It is mostly covered by Grayel, but sand was dug in a pit a quarter 
of a mile north of the \Vellington Monument, where the section 
was;-

Feet. 
Platean Grayel - 5 
Lower Bagshot Beds. Buff sand, dug to a depth of 5 

Farley Hill.-This is a small outlier, and as usual has a gravel 
capping. A well at the Poplars passed through 32} feet of 
Lower Bagshot Beds, consisting of sand, loam, and clay.* 

A section in a gravel-pit to the west of Farley Caf'tle showed 
6 feet of Bagshot Beds consisting oflellow sand with many 
In,min,,~ of white clay. This was covere by a few feet of gravel. t 

At the south-western corner of the outlier there is a section in 
Sandpit Lane showing 9 feet of reddish sand with a little light
coloured clay. 

* "The 'Water Supply of Rerbhire," Jlem. Geol. SU/'vey (1901), p. 43. 
t See Quart. Joum. Oeol. Soc., vol. xlviii. (1892), p. 53. 
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To the west of and close to Farley Hill, there is a small out
lier of Lower Bagshot Beds forming a hill named Fir Grove, 
above Nutbean Farm. A section showed 12 feet of well strati
tied &1nd, for the lllost part reddish, but butf and white in places, 
and with lllany very thin seams of grey clay. In places the 
&1nd is indurated. 

Al'bm:field Cmss.-This is a long narrow outlier, and on it 
stands the village of Arborfield Cross. A sandpit 1 mile south
west of the cross roads ga,e the following section :-

Feet. 
Lower f Sand of a buff colour and ferruginous - 1 ~ 

Bagshot ' Clay of a grey and liYer colour 5b 
Beds. l Buff sand dug down to - 3-
King Stl'eet.-Yellow and brown sand occurs close to Bear

wood Lodge and the ground at Toutley Hall is sandy. There is, 
therefore, probably a thin capping of Lower BaS'shot Beds. It 
may be, however, that only the sandy topmost beet of the London 
Clay is present here. 

Wvkinghaln.-The town of 'Yoking-ham stands upon a well
marked outlier of Lower Bagshot Beds, the "Teater part of 
which is in this district, though it projects slightly to the east. 
Judging by the elention, the Bagshot Beds must be about 40 
feet thick at the highest part of the outlier, and as usual there 
is a capping of Drift. 

In tIle raIlway-cutting to the nClrth of 'Yokingham Station and 
dose to St. Paul's Church, well stratified buff and brown sand 
with thin sealllS of grey clay was shown to a depth of 15 feet. 

A little north of the gas-works on the south of the town there 
WHS a pit in yellow Lower Bagshot sand, which must haye been close 
to the bottom of' the formation, for 0111y 7 chains to the south all 
the opposite side of the gas-works, and at it very slightly lower 
level, there wns a brieldield, the section in which was as follows 
in 1881;-

Feet. 
London r Sandy clay of ,t light brown colour 

Clay. -l Stiff dark blue clay dug to -
- 4 
- 9 

In the <2utting on the South \Vestern 
'Yokinghaul the :,;ection was as follows *:-

Railway south of 

Plateau 
Grayel. 

Lower 
Bagshot 

Beds. 

Feet. 
f Flint pebbles, snhaugniar flints and Lower Greeu-
- sand fmgmcllt':,illterstratified with bcds of yellow 
I sand up to - - - - - - - 7 

Well stratified yellow and white sand with 
ferruginous concretions and seams of grey and 
liYer-coloured clay, the lower part mainly white 
current-bedded sand, to - 1 ~ 

LmYER BAG81IOT BED8-)LuN )IA88. 

A slllall portion of the lllain mass of the Lower Bagshot Beds 
extends into the south-eastern corner of the district. 

South of Bmmshill Common, and just outside the district, 
there is a sand pit in the Lower Bagshot Beds. 

" Quad. JOlt/·II. Geol. Soc. yol. xlii. (1886), p. 409. 
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Yellow sand (Lower Bagshot Beds) was dug under 4 feet of 
grayel in a pit at the cross roads south of 'Vixenford. 

Sandy clay was found beneath the gra,el a little north-east of 
Glaston Hill House, and the boundary of the Bagshot Beds 
probably crosses the River Blackwater between E,ersley and 
Eyersley Cross, where it is cOYel'ed by gravel and alluvium. 

In a brickfield west of Fleet Hill Farm yery sandy clay, 
probably the topmost bell of the London Clay, W:iS worked, and 
in Fleet Hill Copse, at mtller a higher level there "'as a pit in 
yellow sand with a few hmime of light-coloured clay which 
beloncrs to the Lower Bagshot Beus. 

At ~Vebb's Farm a well is said to haye been dug in 7 to 10 feet 
of sand with water. 

There is a bricktield in London Clay at the western end of the 
Nine 1\1ile Ride to the north of Shepperlancls Farm. Close to 
it on the east the surface is very sand Y, and yellow sand with clay 
lamimw(Lower Bag-shot) is seen in it road~section south-east 0'1' 
Long 1\1001' Lake, and also below gra,el in a pit close to 'Varren 
Lodge. 

There is a large sand-pit north of Dowles Farm, Barkham, 
showing 15 feet of yellow, white and buff sands well stratifi€:d, 
with slight current-bedding in places and numerous bands of 
light coloured clay, often an inch in thickness, but usually 
thinner. 

1\11'. R. Trench notes that: "About three-quarters of a mile 
north-north-west of Barkham, near \Vokingham, there is light
brown fine micaceous glauconiferous sand, with thin layers of 
pipe-clay to'wards the top, about 12 feet thick, o,er a pebble.bed 
m whitish micaceous sand." * 

In 1887 a working for road-metal was opened a little more 
than three-quarters of a mile rather west of north of Barkham 
Church, and probably at much the same place as the section 
above referred to. It was described by the Rev. Dr. Irving as 
followst:-

"rI. Drift (coarse sand and flint fragments) -
I). Loamy sands 
1'. Pebble-bed in greenish and hrown sand· 
d. Coarse brown loam 
f. (1.) Clay, tough, hard, pale grey, laminated ) 
c. (2.) Clay, more compact, chocolate-colomed -

Feet. 
2 
3 
5 
i 

I'. (3.) Clay, tough, hard, drab-coloured, laminated J 
/ Coarse irollY sand with clay lamime like e ~ 
g. Coarse sand, irony - 3t" 

The strata below the Drift 1/ in this section are probably Lower 
Bagshot Beds. t The bed Ii, is a yellow sand with many irregular 
and thin layers of light-coloured clay. The bed c, is a mass of 

* "The Geology of the London Basin," >~fe})/. Ge!)1, S/t)'vey, vol. lV. 

(18.2.) p. 314. 
t QU!lrt. JOlt/'/L Geol. Soc. vol. xliv. (1888), p. 1 i6. 
::: The question of their age is discussed-Qu!lrt. Jou/'n. Ueol. Soc., ..,-,)1. 

xlviii. (1892), p. 53-under Bearwood. 



58 . GEOLOGY OF READIXG. 

fhnt pebbles; among them are a few minute pebbles of quartz 
not more than lo th inch in diameter. This pebble-bed probably 
extends with more or less regularity for some distance in this part 
of the district, for the hill north-east of the Manor House is capped 
by a mass offiint pebbles which were dug for road metal in 1885. 

The surface at Eastheath, near 'Y okingham, is also very pebbly, 
and there is a large proportion of flint pebbles in the gravels there. 

A section near Sindlesham Church showed reddish-brown 
sandy and loamy clay, probably the tOJ.lmost beds of the London 
Clay, and a little higher up the hill lIght buff loam and sand 
appears.-(Lower Bagshot Beds). 

An excavation 32 chains south-east of Lucas's Hospital showed 
the junction of the Lower Bagshot Beds with the London Clay. 
The former consisted of brown sandy loam over brown sand 
with seams of grey clay, and the latter was a mottled grey and 
brown loamy clay. 

THE BRACKLESHAM BEDS. 

The Bracklesham Beds lie conformably on the Lower Bagshot 
and have a thickness of about 40 feet. They consist of yellow, 
brown and olive-green glauconitic sands, all more or less clayey 
in the upper part. and of bwwn, grey and liver-coloured clay 
generally laminated in the lower part. The sands are sometimes 
current-bedded, and contain one or more layers of flint pebbles. 

The Bracklesham Beds only occur in the south-east corner of 
our district. " 

No fossils have been recorded from the Bracklesham Beds of 
the area dealt with in this memoir. 

A small outlier has been mapped to the west of Finchampstead. 
Mottled red and grey stiff clay appears at its southern edge. 

The village of Finchampstead stands on the main mass of the 
Bracklesham Beds. Green glauconitic sand was noted in several 
places in ditch sections below East Court. 

In the lane to the north-west of Finchampstead Church the 
junction of the Bracklesham and Lower Bagshot Beds was 
seen, the sections being as follows ;-

B kl h ! Brown fairly stiff clay. 
rac es am ) ". ". 

Beds ' Dark green glaucomtlc sand. 
. I Grey laminated clay. 

Lower Bagshot Beds. Brown sand. 
A clay pit in 'Vick Hill, about 7 furlongs north-west of 

Finchampstead Church, showed the following section*;-

Drift. 

Bracklesham 
Beds. 

Yellow sand with flint pebbles -
Green glauconitic sand 
Yellow and white sand with a little white 

Feet. 
If 
Ii 

clay in places 4! 
Green clayey sand with iron pyrites - - 5 
Dark blue clay with stalk-like markings 

and carbonaceous l1latter passing down 
into yellow laminated clay with ferru
Ctinous concretions, dug down to- - 3! " . 

.. See "(iuart. J01,lr-I' __ 'Geo!. Soc. voi. xlii. (1886), p. 402. 
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At a brickfield at California, to the north of Wick Hill, the 
following was the section :-

Feet. 
Bracklesham {Yellow sand - - - - 2 

Beds. Grey clay and buff sand dug to 10 
A little to the north of the brickfield there was a pit in yellow 

and white stratified sand (Lower Bagshot Beds.) This brickfield 
is now disused.* 

THE e PPER BAGSHOT BEDS. 

The Upper Bagshot Beds consist of bufT', yellow and white 
sand with little or no sign of bedding: pebbles seldom occur 
abo,e t.he bottom, where there is a fairly well marked and 
continuous pebble-bed. No fossils ha,e been found in this 
district., but casts of shells were fairly numerous at the eastern 
end of the Finchampstead Ridges Ol.ltlier in the railway cutting 
at Ambarrow, on the South-Eastern Railway. 

Finchampstead Church stands upon a small outlier. On the 
south-west there was a section shuwing 15 feet of bufT' sand, 
and in the churchyard another section showed 10 feet of buff 
sand with a few green grains. In the lane to the north-west 
many pebbles were seen in the banks at about the 300 feet 
contour, and probably were from the basement bed of the 
Upper BaO'shot. 

The Ri'ages, Finchampstead, are on another outlier which 
extends just beyond the eastern edge of the district. A road 
cutting at North Court showed 15 feet of yellow sand with 
green grains, and other sections in yellow, buff or white sand of 
the Upper Bagshot Beds were noted in the lane to the east of 
Ridge Farm, in the road from North Court to Wick Hill, 
and m the wood north of Halls Farm. 

T~18 basement pebble-bed was. very well shown in the 
cuttmg between Ambarrow and Wellington College Station, 
a little east of the margin of the district. t 

* An account of these sections by the Rev. Dr. Irving will he found ~ 
QU<2l"t . .Ju'}'l"n. Geol. Soc., vol. xliv. (1058), p. 172. 
! See Q;IQrt. Jo;an. Gw? Soc., vol. xxxix. (181'3), p. 3,',1.; yol. xliv. (686), 

p.014. 
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CHAPTER VIII. 

CLAY WITH FLINTS AND PEBBLE GRAVEL. 

CLA ¥ WITH FLINTS AND LOAM.-OYERLYING CHALK. 

The name" clay with flints" was given by Mr. Whitaker to 
a deposit of stiff brown and reddish clav, with large unworn 
flints which occurs over the higher parts' of the Upper Chalk 
tract. 

I t lies very incgllbrly on the Chalk filling pipes in that rock, 
and does not occur as an even overlying bed like the Reading 
Beds. At the base there is generally black clay a few inches 
thick, also with flints, in this case black-coated. It does not 
occur in the bottoms of the valleys, though often running some 
way down the upper part of their slopes. 

Besides the unworn flints there are sometimes pebbles which 
may haye been derived from Tertiary or Drift Beds. 

Mr. Whitaker considers that the clay with flints is of many 
ages, and may be even forming at the present day, and that it is 
owing in greater part to the slow decomposition of chalk under 
atmospheric action. * 

Above the clay with flints therc is occasionally a loam, sandy 
clay or brick-earth, probably formed from the waste of the 
sands and clays of the Reflxling Beds. 

The clay with flints and loam covers a considerable extent of 
the Chalk in the north-western part of the district, round 
Aldworth and Ashampstead, and extends to the hills above 
Hampstead Norris on the west and almost to the Thames on the 
north-east. Patches also occur on the Chalk east of Goring and 
north of Shiplake. 

Mr. Bennett remarks that though the clay with flints is thin 
there is guite enough of it to affect the agricultural character of 
the distrIct. 

He adds that it is very irregular in thickness, as may be seen 
in some of the chalk pits, where deep pipes of the clay are often 
shown. These result from water percolating down lines of weak
ness in the Chalk dissolving it, and leaving the clay as a. 
lining to the pipe. 

Mr. Bennett also contributes the following note of the section 
at Buttonshaw Kiln. It is about a mile south-west of Ald
worth, and a third of a mile south-east of Buttonshaw farm, and 
showed 6 feet of large unworn flints and sarsens resting irregularly 
on rusty brown and black-stained clay. A hole dug for clay near 
the kiln showed a mixture of plastic clay and coarse red sand, 
capped ,yith clay with flints. The plastic clay seemed in process 
of conversion into the rusty brown clay. 

"Geology of London," JIemoirs of the Geol. Survey (1889), i. 281. 
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Near Aldworth well-sections give up to 11 feet of clay with 
flints,* and at Ashampstead the deposit was found to be 19 feet 
thick at the keeper's house on the common.t 

PEBBLE GRAVEL. 

The pebble gravel is probably the oldest Drift deposit of the 
district. As its name implies, it consists almost wholly of 
pebbles, and no fossils ha,e been found in it. It is distinguished 
from the pebble beds of Eoeene age by the presence of a con
siderable proportion of pebbles of quartz, whereas the Eocene 
pebbles are aImost all of flint. On the other hand it is distin
guished from the other Drift gmyels by the scarcity of subangular 
flints, of which they are largely or mainly composed, and by the 
absence of red quartzite pebbles and other pebbles and boulders 
which, as will be explained later on, are belie,ed to be derived 
from Triassic pebble beds. 

Streatley.-Thel'e are small patches of gmwl on the outlier 
of the Reading Beds in Common ,V ood, on the hill above Strea tIey. 
The level is mther over 540 feet; no good sections were seen, 
and the gravel seems to be thin. It consists largely of quartz 
pebbles, but does not appear to be a good example of pebble 
gravel for there are many subangular flmts and some pebbles of 
red quartzite. Probably it is the debris of pebble gra,cl mixed 
to a certain extent with other Drift. 

The same may be said of another patch of pebbles which 
occurs on the road from Streatley to Aldworth. It is on the 
Chalk, at a level of 548 feet. There is also a small pebbly patch 
on high ground one and a half miles west of Streatley. It has 
been coloured pebble gravel, but like the above is more probably 
a gravel formed mainly of the debris of that formation.t 

C?"(~y's Pond and Cold Ha?'bonr.-Patches of pebble gTavel 
have been mapped at Cray's Pond and Cold Harbour. They 
lie at a level of nearly 550 feet, upon an outlier of the Reading 
Beds. 

At Greenmoor Hill, OIl the same outlier, there is another patch 
which is just outside our boundary. It has been described 
by Prestwich.§ 

Bowsey Hill.-}'our s1na11 patches of pebble gl'<1Tel have 
been mappcd on the top of Bowsey Hill, "\Vargran, between 
400 and 460 feet above the sea. 

A digging for road-metal in the highest patch showed 3 feet 
of stones and sand with little or no sign of stratification. 

" ",Ielll. Geul. SU1'Vey, "'Vater ::lupl'ly of Berkshire," (1901), p. It3. 
1 Loc. cit., p. 22. 
! See H. J., O. White, "Ou the Distribution, etc., of the Westletol1 aud 

Glacial Gravels," Proc. Ceol. Assuc., vol. xiv. (189;:,), p. 21. 
§ QUa/·t. Joun~. Geol. Suc., vol. xlvi. (1890), p.140 See also Pruc, (;~ol. 

Assac., vol. xii. (1891), p. 113, and H. J. O. White, iDid., vol. xiv. (1895), p. 1.-) 
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The stones are mainly flint pebbles, many of which are as 
much as 3t inches in longest diameter. There are a consider
able number of subangular flints, many of which have been very 
little rolled or water worn. They are often large, stones of 7 
inches in length being far from rare. 

Next to fimt, the most abundant constituent of the gravel 
is quartz. Pebbles over 2 inches in diameter are common, and 
pebbles over half an inch abound. The quartz is usually white, 
but pink quartz occurs. There are a few pebbles of white 
sandstone. Mr. ~Whitaker mentions a section, on the top of 
this hill, which showed 5 feet of gravel. * 

* "Geology of London," ""}fem. GeoZ. Survey, vol. i. (1889), p. 293. 
Accounts of the gravel on this hill, by frestwich, will be foun~-
01J4rt. Joum. Geol. Soc., vol. xlvi. (1890), p. 141/ and by H. J. O. WhIte, 
PJ·OC. -Geub. Assoc., voL xiv. (lb9.5), p. 21._ 
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CHAPTER IX. 

PLATEAlT GRAYEL. 

The plateau gravel co.ers considerable areas in all parts of 
our district. It usually forms flat expanses at various levels, 
from about 160 to over 500 feet aboye the sea. Sometimes 
it forms a mere stony bed at the surf,we, but it is often 20 feet 
or more thick. 

Its composition varies in difierent parts of the area, but it 
usually consists mainly of subangular flints and flint pebbles. 
The former are generally brown, much rolled and water worn, 
and have probably in most cases been deriyed from still older 
gravels. The Hint' pebbles are nearly always from Eocene pebble 
beds or from the pebble grayel. 

North of the Thallles, and at some places near that river, 
though to the south of it, the gravel contains numerous pebbles 
or boulders of a reddish quartzite. Similar pebbles are found 
at wany places in the higher parts of the Thames Valley, and 
h,tve long attracted attention. They were noticed by Dr. 
Buckland in "Reliquire Diluviame" (1821, 41.0., p. 279) and by 
Prof. John Phillips in his" Geology of Oxford and the Valley of 
the Thames" (Oxford. 1871). . 

Prof. Phillips says (at p. 458): "On a large portion of the 
Cotswolds, but not rising to their greater elevations, we find a 
scattered gravel deposit of a kind entirely different from that 
'which is so common in the greater part of the Thames Valley. 
It is not accompanied by boulder clay, contains no large ermtic 
blocks, but a considerable yar~ety of stones of' greater size than 
such as are commonly found 111 gravel. Two sorts of stone are 
the most common, one is quartz, usually in small white pebbles, 
the other hard reddish gritstono or quartzite, a metamorphic 
rock which corresponds with none in sitn hettor than with that 
of' Hartshill neal' N unoaton. This kind of stono lllay be collected 
from half the ploughed lands of Oxfordshire, on the southward 
slopes of the oolites on the Chil tern Hills and in the Vale of' 
the Thames about Oxford and Abingdon. I have never seen a 
fossil in it. It is probahle that the new red conglomerates of 
'Warwickshire and the midland counties may, with justice, be 
credited as the immu{ iute sourco of the pehbles. \Vhence they 
came origina.lly may be hard to .leterllllllc, though 8/U'''' rocks 
as those of the Lickey Hills and Hartshill, metamorphic sand
stones of some paleozoie kind, possibly destroyed in early 
mesozoic ages, are elearly indicated." " 

1\11'. H. J. Osborne \Vhite, who has made a careful study of the 
gravel near Reading, has come to the conclusion that 'the red 
quartzite pebbles in them, like those noticed by Prof. Phillips, 
come from the Triassic rocks of the midlands.* 

Prof. Bonney says that a fine grained q'lartzite pebble found 
\ 

'* p)·oc. Ceo!. Assoc., vol. xv. (lb97), p. 160. 
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in gnivel at Rose Hill, near l'aversham, appears identical with 
the liver-coloured quartzite of the Midland Bunter.* 

Associated with the red quartzite pebbles, we find a varied 
collection of pebbles and boulders of quartz, sandstone black 
chert or grit, and occasionally igneous rock, and probably much 
of this material has, like the red quartzites, been derived 
from the Bunter Beds of the Midland Counties. 

In the eastern part of our district the gTavel often contains a 
considerable proportion of light-coloured chert and ragstone 
derived from the Lower Greensand Beds of the Wealclen area. 
Thes~ fragments of Lo,,'er Greensand rock are more especially 
abundant in patches of gravel near the River Blackwater and 
the lower part of the Loddon, and at Shiplake they are found in 
gravel north of the Thames. 

In the south-western part of the area we neither find Triassic 
pebbles n01" Lower Greensand fragments in the gravel, and it 
consists of flint with fragments of sarsens and a few ferruginous 
concretions from the Eocene Beds. 

PLATEAU GRAYEL NORTH OF THE THA~1E~. 

There is a considerable spread of Plateau Gravel on the high 
ground above 'Vhitchurch up to a level of about, or rather over, 
500 feet. Whitchurch Gate, Goring Heath, Cane End, and 
Kidmore End are on this gravel. It differs in composition from 
the pebble gravel which has been described as occurring at still 
higher levels, for it consists mainly of subangular fhnts. It 
contains many pebbles, often large, of red and brown quartzite 
and sandstone, and flint pebbles which form so large a part of 
the pebble gravel, are far less abundant. 

The fields above the 400 contour south-east of Abbot'::; Wood 
are scattered with flints, quartz, and quartzite pebbles, etc.t 

Between Stapnall's Farm and Gatehampton Farm, near 
Goring, the soil is gravelly, The stones are mostly subangular 
flints, but quanzite and sandstone boulders, 5 to 6 inches in 
di<1meter, and also quartz pebbles are common. 

There is a pit ill this gravel close to the Pack Horse Inn. 
Baruolph's Woou (300 feet O.D.). It is composed mainly of 
subanguIar flints, and there is a small proportion of flint 
pebbles. Reddish and white quartzite pebbles are common, and 
there are also pebbles of sandstone, etc. 

There is another pit at Gallowstree Common, in the southern 
angle formed by the cross roads, a little more than half a mile 
north-east of Cane End. The section showed 5 feet in thickness 
of gmyel of a similar character to that at the Pack Horse Inn 
pit. The stones were mostly of small size. The total thickness 
of the gravel was not shown. A sarsen-stone, 1 foot 6 inches in 
diameter, was secn by the side of the road, nearly 300 yards 
south-east of the pit. On the high ground between Gallowstree 
Common and Kidmore End, the gravel is pebbly, but is otherwise 

* Qllfll"t. Jonrll. Oeol. Soc. vol. liv. (1898), p. 592. 
t JIr. H. J. O. ~White has recorded the presence of lllany boulde:'s uf red 

and grey quartzite in the gravel N.E. of Goring Heath. Proc. Oeoi. Assoc., 
yo1. xiv. (1895), p. 18. 



YmT similar in character to the auove, though the stones are 
larger and more rounded in some localities than in others. 
Th'ere is apparently a little clay with flints in places bet.ween 
the gravel and the underlying' chalk, as shown. in the road 
section about half a mile south-east of the smIthy at Cane 
End. In some places there is SOllle loam intermixed with the 
gravel near the slU'face of the ground, and the soil is of that 
nature around C'oldnorton Shaw, about midway between Gallows-
tree Common and Kidmore End. . 

About 8 feet of grayel was exposed in 1887 in a pit on the 
west side of the road about 8 chains west of Tanner's F:a-m 
between Kidmore End and C'aversham. This gravel consisted 
mainly of subangular flints. Flint pebbles were tolerably 
numerous. There were also a few quartz pebbles anel some 
small well-rounded boulders of reel grit and sandstone, three or 
fom inches in diameter. 

Between Chaze}' Heath alld Cayersham there is a gravel
covered platenu with a leyel of between 200 and 300 feet. 

A pit a quarter of It mile north of Blagnlye'S Farm giyes a ycry 
good section at a leyel of 269 feet. The gravel is stratified. It 
consists mainly of subangular flints, which are mostly rather 
small. Flint pebbles are not yery common. A few of the flints 
haye not been rolled or waterworn. There is a great quantity of 
small quartz pebbles, and many pebbles of red quartzite-these 
last measuring up to 7 inches in longest diameter. Pebbles of 
black stone and of ironstone occur. The grayel contains very 
little sand, but there is some loam in places; a thickness of 
18 feet was showu. 

Another pit ncar the southern edge of the same sheet of 
gravel, and] 50 yards to the east of Chazey \Yood, at Grayel Hill, 
gives a good section, showing 10 feet of similar gravel. It 
was apparently not bottomed. 

In another pit situated on the west side of Tokers Green Lane, 
at a little more than one mile and an eighth north north-west 
of St. Peter's Church, Caversham, and 200 yards south-east of 
Farthingworth green, a section showed 10 feet in thickness of 
grayel also of a sim'tlar character. 

Gnwcl has been dug to a considerable extent in the field 
between Toot's Farm auel St. l'eter's HilI, Caversham. The 
level is a,bout 235 feet above the sea. The gravel consists 
mainly of subangular fliuts--flillt pebbles are not very abundant. 
Pebbles of white quartz and of variously coloured quartzite are 
common. A block of white quartz 7 ~ X 5~ X 31 inches in size 
W<l~ nOLiced. 

Mr. O. A. Shrubsole has recorded that" in this pit a large 
number of flint implements hayo beou found. They occur 
mostly in a definite zone which follows the bedding of the 
gravel, and is usually only 1 to 3 feet from the surface." * 

In Mr. Ll. Treaoher's collection there are some implements of 
red quartzite from this locality. 

* Qual·t. J()1(J'n. Ceol. Soc., vol. xlvi. (lR90), p. 583. See aho Pl·or. Oeol. 
As .• nc., vol. ix. (lRR.i-R), p. 209. 
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There ,ue foUl' small piltches of Ptltean Gravel around 
Emmer Green. 

There was a section in the most westerly of them about 
400 yards north-west of Cavershmn Grove, on the east side of, 
and "close to, a plantation. It was a small pit, and 8 feet of 
gravel was exposed. It consisted mainly of subangular flints 
and flint pebbles. 

In the patch on Caversham Hill, there was a pit about 
150 yards east of Springfield House, and 200 yards north-west 
of the Independent Chapel, ,,,here a section showed 9 feet of 
flint grayc] of a reddish-brown colour, containing erratics here 
and there. The stones were mostly of small size; and the 
exci1vation did not apparently show the total thickness of the 
gravel. 

There is a third patch at Rose Hill Kiln, near Caversham, 
which has been described bv ~Ir. Shrubsole.* He collected 
from it 11, considerable variety" of pebbles of quartz, quartzite, 
fdstone, and rhyolite, notes on which by Prof. Bonney are 
giYen in his paper. 

The Binfield Heath outlier of Reading Beds is capped by 
patches of plateau gravel. A working above Shiplake Row, 
about 305 feet above the sea, showed 41 feet of gravel of very 
much water-worn and broken flints, with a considerable number 
of pebbles of a dark red and brown quartzite. 

Mr. L1. Treacher observedt the occurrence of a few fragments 
from the Lower Greensand in this gravel. It is so far as we 
know the most westerly point in this district at which they have 
been found in grayel north of the River Thames. 

There is a patch of gravel at Caversham a little below the 
200 feet contoUl', which it has been found convenient to class 
with the Plateau Gravel. 

A large quantity of gravel has been excavated from a pit in 
this patch on the north side of the road to Shiplake, one mile 
and a quarter east by north of St. Peter's Church, Caversham, and 
200 yards south-east of The Elms. A section of the eastern side 
of the pit showed 9 feet of coarse grayel. Another section on 
the western side exposed chalk beneath the gravel. 

The grayel consisted of subangular flints, flint pebbles, and 
also contained pebbles of quartz, quartzite and sandstone. 

Two patches of gnwel near Shiplake have also been coloured 
Plateau Gravel. They rise very little aboye the 200 feet contour, 
and extend some distance below it. 

A graYel-pit is situated 350 yards west by south of the church, 
on the southern side of the road, south of the "Plough" Inn. 
A section showed 8 feet 6 inches of gravel overlying chalk, 
which latter was dug down to, at the eastern end of the pit. 

Gravel has also been dug to a depth of 6 feet elose to the 
cross-roads three furlongs north of the church. It is stratified 

* QUfll't. J01lJ'I/. Geol. Soc., volliv. (1898), pltges 591-592, 
l' See Proc. Ceol. Assoc., vol. xiv. (1895), p. 20. 



yellowish bro.'nl, and consists mainly <?f brown subangular flints 
with SOllle flmt pebbles. Red quartzite, sandstone, and quartz 
pebbles are common, and there are numerous fragments of Lower 
Greensand Rock. 

PLATEAU GRAYEL BETWEEX THE RIVERS TKUIES AXD KDfxET. 

Passing now to the south of the Thames we find a small 
patch of gravel capping the outlier of Reading Beds at Upper 
Basildon. It is at the high level of 466 feet above the sea. 

Mr. F. J. Bennett noted a section of 4 feet of pebbly gravel 
in a clayey matrix, and a similar· bed has been worked near 
the cross roads above Kiln Farm. 

The gravel consists of pebbles of flint, quartz, red and brown 
quartzite, and black chert with mme subangular flints. The clay 
in which the stones lie is mainly mottled, and no doubt derived 
ti.·om the Reading Beds. 

A sheet of gr~vel extends from Upper Basildon to the hill 
above Pangbourne. Its level varies from 250 to 404 feet 
above the sea, and it rests upon chalk excepting at one place 
where it slightly encroaches on the Upper Bowden Farm outlier 
of the Reading Beds. The gravel is very clayey, or loamy, in 
places. A well at New Town passed through 20 feet of gravel 
and loam to chalk,* and at Upper Bowden Farm the Drift in a 
well-section is described as 10 feet of brown clay.t 

A road-cutting 4t furlongs east of New Town showed 6 feet 
of clayey sand full of stones. Water worn flints, more or less 
broken, were common, but the stones were mainly pebbles 
of brown and red sandstone, and quartzite, and of white guartz. 
There were only a few pebbles of flint. 

At Lower Bowden Farm 18 feet of red cla\" were found 
in a well-section.! .. 

To the north of Lower Bowden Farm there is another sheet 
of similar gravel. A pit was noted in it a little to the west 
of Park Farm. The section showed 6 feet of gravel. Red and 
brown quartzite and quartz pebbles occur on the surface all 
oYer these patches of gravel. 

Between Tidmarsh and Slade Gate there is another extensive 
patch of grayel risin~ from 220 feet to 404 feet. A well at Bere 
Park Farm passed through 18 feet of ~avel to chalk. A pit 
was noted by the small wood north of lJark Lane Copse which 
showed 12 feet of gravel. There were eight sarsens in the pit, 
measuring from 4 to 9 inches in length. 

Graveillas also been worked t mile east of the cross roads at 
Blenheim Barn. It consists mainly of fragments of brown flint, 
with a few flint pebbles. No quartz and no quartzite pebbles 
were seen. 

The Frilsham and Burnt Hill Eocene outliers are capped by 
patches of graYel which Mr. Bennett remarks is very pebbly, 

* "The Water Supply of Berkshire," Mem. Chol. Sm·vey (1901), p. 66. 
to}'. cif., p. 61). 
1 Op. tit., p. 66. 
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much more so than most of the Plateau Gravel farther to the 
south. There is a patch of pebbly gravel on Frilsham Common. 
It is dug in shallow pockets here and there; the highest part is 
at a level of 413 feet. 

K.st of Yattendon Itnd north of Burnt Hill there is another 
small patch of pebbly gmyel capped with loam. A section 
showed 

Feet. 

Plat.ean 
Gravel. 

Loam clean and also mixed with gravel - 2 to 3 
Pebbly gravel, with patches of subangular gravel, 

sometimes found intermixed. The pebbles are 
occa.sionally very large - 7 

Reading Beds.-Coarse yellow sand with, it 'vas stated, trunks of 
trees. See p. 20. 

South ot the Axe and Compass Inn, on Burnt Hill Common, a 
pit showed 4 feet of the pebbly grayel which caps the outlier 
there.-F .. J. B. 

The high ground between the rivers Pang and Kennet is covered 
to a great extent by sheets of gravel of a very uniform character, 
consisting almost entirely of subangular flints and flint pebbles. 
Blocks of sarsen are common, but there is an absence of the 
pebbles and boulders of qU<Lrtz, quartzite, etc., which are so 
abundant in the gravels near the Thames. A flint implement 
,vas found in August, 190:2, in a gravel pit, at a level of 283 feet, 
O.D., near Englefield House. It is now in the Reading Museum. * 

The following notes are by Mr. Bennett:-
Bucklebury Common is covered by gravel, which varies 

from 4 feet to about 7 feet in thickness, and where seen in section 
generally has a clayey matrix. A pit a little north-ea"st of Hart's 
Hill showed 5 feet of grayel, ,,-ith a few sarson stones in a clay 
matrix. This gravel weathers white. A pit a little north-east 
of the cemetery showed 6 feet of gravel in a clay matrix. 

Half-a-mile south-west of Beenham Church a pit showed 6 
feet of rather fine gravel. From 2 to 7 feet of gravel was 
seen capping the clay at Beenham KIln. 

At Mare Ridge there were two pits showing from 5 or 8 feet of 
clean shingly grayel. , 

To the south-west of Bradfield there are two patches of 
grayel resting on London <;lay. Pits a little south-west of the 
workhouse showed H feet of rather fine gravel and sand. One 
of the well sections Itt South End recorded 15 feet of gravel, but all 
tbe rest a bout Bradfield, averaged from 6 to 7 feet.-F. J. B. 

To tho south-east of Bradfield there is a patch of Plateau Gravel 
on the Readina Beds. A pit 5 furlongs north of east of Bradfield 
Church showed gravel, composed of small subangular flints with 
flint pebbles, the whole weathering white. As in the case of 
the other pits south of the Pang already described, no quartz 
or quartzite pebbles could be found. 

There are a number of patches of Plateau Gravel on the Tile
hurst outlier of London Clay and Reading Beds, and on the 
north-west it extends on to the Chalk as far as Purley . 

• QuaJ'f. Joum. Oaal. Soc., vol. lviii. (1902). Proc., p. b.:uii. 
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There WiUi a pit shu wing ;) to j feet of grayel nearly half-a-mile 
north-east of Pnrley Hall; another pit 3 furlongs east of south of 
the same house showed 6 feet of grayel and chalk beneath it. 
Quartzite pebbles abound on this part of the patch. 

Another pit 2 furlongs east of Sulham Church, at a level of 
about 310 feet, showed 3 feet of grayel consisting mainly of 
brmm. subangnbr flints and flints pebbles. There were only a few 
pebbles of red quartzite and a few large quartz pebbles. 

The quartzite and sandstone pebbles and boulders increase 
in numher as 1ye go eastwards, ana in the small gravel patch at 
Chilpel Hill the g"raYcl consists mainly of qwutz, quartzite and 
samlstone pebbles and boulders. QUintz pebbles oYer 6 inches 
long are not uneOllllllon, and big' blocks of sandstone occur. 

i'Il/'h 1I}'l<t ['OIiUlIUII.-The plateau g'!'ilyel on Tilehurst Common 
is mueh intermixcu with loam and seams of clay in places. 
It was prond to be I;) feet in thiekness in a central position 
on the Common, at :l point ::3.30 yards south-east of the 
Independent ChapeL 

In a clay ]!it a little more than three-quarters of it mile north
west ofSt. ~llChael's Church, Tilehlll'st, red and grey mottled cla,-s 
of the Reading Beds are shown eapped by coarse gravel. On 
the north side ot the road, a little lllore than half-a-mile north 
of the chureh, a section extending for more than 100 yards 
showed similar gravel. The plateau graYel on the high gl~oulltl 
fiye-eighths of a mile. westward of thc church is ycry pebbly in 
character, and contams many small quartzite aI;.d sandstone 
pebbles. 

Grasellms been worked to it considerable extent above :N orcot 
Kihl, the scction at which has becn already given (page 31). 
Thc leyel of the gravel is about 290 feet. Subangular flints, 
some of which arc brown but many black and not much water
worn, form itbout half the deposit, and the other half consists of 
flint pcbbles, quartz pebbles and blocks, rcd and liver-coloured 
quartzite pcbbles, and pebbles of black chert, sandstones, iron
stone, etc. Boulders of igneous rock occnr,* and rolled blocks 
of sarsen are common. 

To the east of Tilehurst there is a large patch of Plateau 
Gravel with a level ot'from 180 to 200 feet. It lies upon Rcadincr 
Beds excepting on the north-west, where a long spur projccts and 
lies partly on the Chalk. This spur forms a well-marked terrace 
on the hillside above and south-west of Reading Barracks. 
There are, or have been several gravel-pits in this terrace. 
- There are gravel and chalk pits about 15 chains south of the 
Barracks. In one of them about 10 to 12 feet or more of gravel 
was exposed overlying the Chalk, the total thickness not being 
elearlyshown. The gnwclmostly consists ofpehhly andsubangulnr 
flints intermixed with Ulany well-rounded sandstone qnartzite and 
guartz pebbles. Immediately overlying the chalk on the south 
side of the pit were some grcen-coated flints, and from about I foot 
(j inches to ;) feet of grecnish and browniClh sand, and lllottlc(l 
brown and grey day. The above had evcry appearancc of being 

* Quart. Journ. Ceol. Soc., vol. xlix. (1893), p. 308. 
6150 F 
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ill, situ, and thus showing the junction of the Reading Beds with 
the chalk. From about L3 to (3 ,feet or more of brownish loamy 
clay oY8l·laid the graYel at the northern part of the pit, where it 
thins out on thl') sloping ground. Here the gravel rested 
unevenly on the Chalk, bemg piped into it in many places, 
whereas on the southern side, where the sand and clay of the 
Reading Beds overlaid the chalk, the junction was even. 

The gravel pit, known as Hill's Pit and sometimes as Grove
lands, is also in this terrace, It is situated to the south-east of 
the Barracks, and a quarter of a mile south-south-west of Elm 
Lodge. The gravel consists mostly of sub angular flints and flint 
pebbles, intermixed with many quartz, quartzite, and sandstone 
pebbles and boulders often measuring from 4 to 8 inches in size. 
One boulder of quartz measured 11 x 7 x 6 inches, and several 
boulders of quartzite from 8 to 10 inches. There Is apparently a 
rough, irregular, horizontal stratification, which is sharply cut off 
at the slope of the valley to the north, showing denudation since 
the deposition of the grayel. A large quantity of gravel has 
been excavated from this pit for road metalling, Bones of 
Elephas antiqnus, Fale" and Cervus elaphus, Linn" as well as 
flint implements, have been obtained from the grayel of this pit.* 

In the town of Reading, about 12 feet in thIckness, of coarse, 
subangular, and pebbly grawl, resting on brown loam, was ex
posed in 1887 in a large sqnare pit 10 chains north of the Bath 
Road, and 9 chains west of Turret House, or 17 chains 
westward of the centre of the railway-cutting (Basingstoke line). 
At 6 feet down from the surface there is a blackish irregular 
band from 6 to 9 inches in thickness, the grayel being stained 
there apparently with manganese. Two other similar bands 
occur beneath this, with a distance of 18 inches between them. 
This grayel consists almost entirely of flints, but wall-rounded 
quartzites occur in places. The matrix is mostly sandy, with a 
little loam here and there, The colour of the grayel is generally 
brown, with whitish patches in places, similar to that exposed 
at Hill's or Groveland's Pit (described aboye), of which it is 
apparently a continuation. Seyeral Echinoderms in flint have 
been found. 

PLATEAU GRA YEL BETWEEN THE RIYERS KENNET AND LODDON. 

In the south-west quarter of our L1istrict there are very extensive 
sheets of grilTel capping the outliers of the Lower Bagshot Beds, 
In composition and general character tl~ey agree with the g-ravel 
of Bucklelmry Common already descnbed. They con tam no 
red quartzite pebbles or Lower GreensaI.~d fragments, and quartz, 
pebbles are very rare, 'When ,,~e pass mto the eastern part of 
the district. a change in composition takes place. Lower Green
sanL1 fragments are found, often in considerable abundance, as we 
apPl'o:tch the RiYel' Loddon, and red quartzite and variously-

* See abo Proc. (leo!. Assoc., yol. ix. (l895~96), p. 211; yol. xv. (1897~8), 
pp. 305~6, and O. A. Shrubsole, Quart. Joum. (leal. Soc" vol. xlvi. (1890), 
p.585, 
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coloured sandstone pebbles and boulders in the gravels near the 
Thames. The following notes are by Mr. Bennett:-

On Crookham COlllmon 11 pit north of the Traveller's Inn 
showed 6 feet of gravel. .A pit close to the road, a little south
west of Brimpton church, showed 5 feet of clean coarse and fine 
gravel, with 10 per cent. of flint pebbles. Four sarsen stones were 
also seen, two of them large. At the bottom of the gravel was a 
bed of sandy lo,ml . 

.A little north of \V asing Rectory, on Brimpton Common, 
10 feet of ferruginous gra\el was dug. ~orth of Blacknest Farm 
another pit showed 8 feet of gnt\el. A little north-west of 
Inhurst House 6 feet of gntvel in a clay matrix was dug, and 
south-east of the house 3 feet of gravel was seen in a small pit. 

About one mile north of Borson two pits showed from 4 to 5 
feet of gravel. 

On Tadley Common, half-a-mile west of New Town, a small 
pit showed up to 4 feet of gravel in a clay matrix. Both the 
pits at the Tadley Kiln showed gravel resting irregularly on the 
Bagshot Beds, but in the south pit the junction was the more 
irregular, and the gravel and clay much intermixed.-F.J.B. 

Gravel has been worked to a large extent on Silchester Common, 
the workings usually showing from 4 to 6 feet of gravel. The level 
is about 330 feet libove the sea. As a rule the gravel is of a very 
light colour, often nearly white, not very sandy or clayey, and with 
but little sign of stratification. It consists of subangular flints, 
much weather-worn and broken, and of flint pebbles, together 
''lith a few blocks of sarsen. No Lower Greensand fragments 
could be found in it.* The Roman town of Silchester stands 
upon this gravel. 

Near Pad worth, Mr. Bennett notes that two pits east and west of 
Round Oak showed 4 to 5 feet of gravel in a clay matrix. South 
of Pad worth Church 4 feet of gravel was dug, and near the schools 
() feet of rather fine gravel. 

Numerous gravel workings were noted on Mortimer Common 
and showed gravel from 2 to 4 feet in thickness. 

It consists of flint pebbles and of sub angular flints very much 
broken and weather worn, often quite white, and usually small in 
size. Indeed, the small stnffmight fairly be described as bleached 
chips of flint. There are 11 few blocks of sarsen, and very rarely 
a quartz pebble occurs. One 1 § inch in diameter was found in 
a working.. Nored quartzites or sandstones nor black chert nor 
fi.·agments ii.·om the Lower Greensand could be found. 

Sometimes the gravel is rather sandy, but usually it is a mass 
of stones with little or no sign of stratification. 

On Bnrghtield Common there are several pits in a similar &rayeL 
The Lower Bagshot outlier at Brickleton Farm is capped by a 

small patch of plateau gravel with a level of 297 feet. Only a 
ditch-section was to be seen, and it seemed to show a crravel like 
that ofSilchester; no Lower Greensand fragments coul8 be found. 

* Quart .• loU/·n. Geol. Soc. Yill. xlviii. (1892), p. 37. Proc. Geol. A.<wr., 
yo1. xvi. (1900), p. 5H. 

6150 , 2 
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To the north-east of Stratfield ~Iortimer there are several 
small patches of plateau grnyel, all of which lie at a lower level 
than either Mortimer Common or Silchester and rest upon London 
Clay. 

1\he patch at Great Park Farm is at a lewl of 241 feet. That 
nt St. Mary's Church, Beech Hill is ,1t a rather lower level. 

N e.l1' Crosslane Farm there ,ne t \Yo small patches at a still 
lower level (about 190 feet). Gravel hlts been worked in the 
fields on both these patches: it appears to be about 4 feet thick. 
The gravel is like that of Silchester and no Lower Greensand 
fragments could be found.* Other patches of gravel occur at 
Bromfield Hatch and Reid's Farm. 

About three quarters of a mile north-east of Crosslane Farm, 
and about 50 feet higher in level, there is another patch of gravel 
with a thickness of about 4 feet. There is a pit close to White
house Farm which shows that the gravel consists of the usual 
subangular flints and flint pebbles but with the addition of 
many fragments of Lower Greensand chert and ragstone. 

There are several patches of Plateau Gravel at, and near, 
Spencer wood Common and Shinfield, but they call for no special 
notice, and we may pass on to the patch on Southern Hillm the 
town of Reading which lies at a level of 230 feet above the sea. 
Christ Church occupies nearly a central position on this patch. 
The greatest thickness of this gravel appears to be about 16 fect, 
as proved in a well situated in a garden about 130 yards south 
of Christ Church. At the northern part of Bob's Mount, sections 
show it to be about 7 feet in thickness, with a very irregular 
line at its junction with the underlying basement-bed of the 
London Clay. In a pit 400 yards west-south-west of Christ 
Church-in a field south of Kingsclere Villas-8 feet in thickness 
was shown; and in two pits 300 yards south of Christ Church, 
6 feet in thickness was exposed. The stones composing the 
gravel in these pits were mostly small. 

They are mainly brown subangular flints and flint pebbles, 
but flints which have been scarcely at all rolled or water-worn 
occur. There are also a great number of pebbles of quartz and 
variously coloured quartzite. Black pebbles occur, one of which 
was found to be a tourmaline grit. This gravel consequently 
resembles that of Tilehurst, and is very different from that of 
Silchester. Some fragments which may have been derived from 
the Lower Greensand were noticed.t 

To the east of Southern Hill, Reading, a group of patches of 
Plateau Gravel are found at levels of sometimes rather over and 
sometimes a little under 200 feet. They lie on London Clay, 
Reading· Beds, and to a very small extent Oll Chalk, and 10rm a 
flat tOPJ)Cd tract of high ground projecting between the Thames 
and the Loclclon. 

In the South Eastern Railway cutting at \Voodley Hill, Earley, 
the grayel was from 12 to 15 feet in thickness, and a pit at tt level 

• Vuart. Jaunt. Oeol. ,"-'oc. vol. xlviii. (1892), p. 37. 
~ ~ee (Jill/pt • .Tow·)/. Oeol. Soc. yol. xlix. (189:3), p. 310. 
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of 214 feet close to the railway and a little west of Earley station, 
showed th~t it contained a gTeat many Lower Greensand frag
ments, but no quartzite pebbles could be seen. 

Mr. Ll. Treacher has obtained numerous flint implements 
from the Gravel cut through by the Great -Western Railway 
south of Sonning. . 

A pit in a field east of Wheeler's Green, about 2! mIles e~st 
of Southern Hill, Reading, showed G feet of Plateau Gravel WIth 
rather indistinct stratitication, agreeing in composition with the 
pit by the railway, for Lower Greensand fragments were very 
common, and the quartzites which are so abundant at Southern 
Hill were apparently absent. This pit is near the Loddon, but 
one and a quarter miles to the north-west, and nearer to the 
Thames there is another pit in grayel which contains quartzite 
pebbles in abundance. 

The pit referred to is on the south-east side of the London 
Road Bridge over the Great ,Vestern Railway cutting. The 
section showed £) feet of gravel with some loam in places resting 
on the clay of the Reading Beds. The gravel is stratified, but the 
stratification is indistinct in places. It consists mainly of the 
usual subanguIar flints and flint pebbles. Quartzite pebbles 
are common, and often measure as much as 4~ inches in 
longest diameter. Fragments from the Lower Greensand 
occur, but are not common. 

Another pit, known as the Charvil Rill Pit, in the same 
sheet of' gravel by the side of the Readmg-Twyford Road, and 
G furlongs south-east of Sonning Church, gave a section in 
\\'-ell stratified gravel with a little current-bedded sand in 
one place. The grin-el resembles that in the last pit by the 
railway bridge. Quartzite pebbles are common, the red 
quartzite which has been noted at so many places near the 
Thames being abundant. A number of flint implements from 
tlllS pit are in the collection of Mr. Treacher. 

PLATEAU GRAVEL EAST OF THE RIVER LODDoN. 

The Bagshot outlier of Reckfield Reath is capped by an ex
tensive sheet of gravel usually some 6 feet in thickness, and at 
a level of 270 feet above the sea. It is thus some 50 feet lower 
than the gravel of Silchester, rather more than four mUes to the 
west, ftncl differs fi'om it in several respects. It is much more 
sandy, is well and evenly stratified, the stones in it are less broken 
and weather-worn, and it contains fragments from the Lower 
Greensand. 

There arc numerous pits in Reckfield Heath: one in 
which the junr:tion with the underlying Lower Bag:,:hot Beds 
,vas seen has been alrertdy noted (page 55). The gravel, as 
usual, consist.s mainly of brown sullHngnlar flints anti of flint 
pe.bblcs. 10wer Greensand fragments arc quite common, and 
mmute pebbles of qnart,.; occur .. 

TIll' 10":(,1' Ihgshot outlier. at Farley Hjll. is capped by 
a pateh of Plateau Gravel of it character snmlar to that of 
Hecktield Henth. A block of whi.te quartzite was found in a 
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pit a little south of Farley Castle. Sept., 1902. It was of 
Irregular shape, and weighed 51b. 60z. 

A. specimen of the rock has been examined by Dr. J. S. Flett, 
who reports as follows:-

The rock is a milky white, worn quartzite with diffuse patches 
of ferruginous staining. It is somewhat granular or sacchar
oidal, but in the hand-specimen shows no gritty texture. 

Under the microscope it exhibits a mosaic of irregular inter
locking grains of quartz, 'which yary greatly in size. All are 
filled with minute fluid cavities, in lines and streaks, which do 
not as a rule pass across the boundaries of the in:lividual grains 
from one to another. Shearing has e,ridently taken place, as 
much of the quartz has undulatory extinction, and streaks of 
fine grained granulitic material are frequent. There is no 
evidence of original sedimentary character or of a cementing 
material between the grains, and the rock is apparently a 
mass of crushed vein-quartz. 

There are small patches of similar gravel on the Lower Bagshot 
outlier of Arborfield Cross. 

Another patch lies on the main mass of the Lower Bagshot 
Beds at Bannisters, near Eversley. A pit in Fleet Copse shows 
about 5 feet of gravel consisting of brown subangular flints, of 
flint pebbles and Lower Greensand ±i .. agments, with some ferru
ginous eoncretions probably from the Bagshot Beds. It is 
dark yellow, very sandy, well stratified, and with current
,?edding in J?laces. Here and there the gravel is consolidated 
mto a ferrugmous conglomerate. 

The Upper Bagshot outlier of Finchampstead Ridges is 
capped by a sheet of Plateau Gravel with a level of rather over 
300 feet, that is to say, about the same level as the Silchester 
plateau, nearly 10 miles to the ,vest. The thickness of the 
gravel is sometimes as much as 13 feet. It consists of brown 
subangular flints, of flint pebbles, a good many small frag
ments of Lower Greensand rock, and a good deal of quartz in 
the form of very small pebbles usually under § inch in diameter. 
Blocks of sarsen are not common, but occur occasionally. Many 
flints of irregular shape, which hase been but little water-worn, 
occur, and all are of a brown colour. 

Mr. O. A. Shrubsole found a few pebbles of white quartz or 
qllartzite:in this gravel, the largest measured 31 X 24 X 17 inches ... 

In it there is frequently a good deal of coarse quartz sand, 
sometimes with irregular white clayey layers, and the whole 
is often contorted, the contortion being most usual in the upper 
part. 

Some stones found in this gravel, which have possibly been 
used as scrapers, have been described by Prof. Rupert Jones, 
F.R.S., as Eolithic Flint implements. t 

The gravel is very ferruginous and is frequently consolidated 

* Quart . .!ourn. Geol. Soc. vol. xlix. (1893), p. 320. 
t Report of the Wellington College Natural Science Society, for 1901, 

published 1902, page 58. 
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into a hard conglomerate or grit. This is also the case in many, 
or most, of the patches of gravel in this part of the district, and 
the rock thus formed has been used as a building-stone. The 
tower of All Saints' Church, 'Vokingham, is mainly built of it. 

On Barkham Common there are small patches of gravel re
sembling that of Finchampstead, and at Beanrood there is a 
patch where the praportion of Lower Greensand chert is higher 
than at Finchampstead. 

At and near 'Yokingham are some more patches, the gravel of 
which consists yery largely of flint pebbles probably derived 
from the Lower Bag-shot Beds. (See p. 78.) Lmyer Greensand 
fragments are present in all these gravels. 

No red quartzites could be found, but they occur m the'two 
patches of J?lateau gravel at Twyford and Ruscombe. Some 
trial holes 111 a field 2} furlongs south of Twyford station 
showed 6 feet of reddish gravel consisting of subang-ular flints, 
of flint pebbles with many pebbles of red qUttrtzlte, and an 
abundance of fragments from the Lower Greensand. The place 
is about 2 miles fi'om the Thames and a little east of the Loddon. 
A section showing the gravel of this patoh resting on clay 
and sand of the Reading Beds was noted (October, 1902) at a 
brickfield between Ruscombe and the Great 'Western Railway. 
The gravel resembles in character and composition that of 
Charvil Hill on the opposite side of the River Loddon (see p. 73) 
and like that gravel it has yielded flint implements.* 

According to 1\11'. H. J. O. White a section in the north side 
of this brickyard in 1893 showed (( a grayel of purely southern 
type [with Lower Greensand fragments but without the quartzites] 
underlying one of north-western facies."t 

* See O. A. Shrubsole, Qua?:, . .1ourl1. Geol. 00c., vol. xlvi. (1890), p. 59l. 
t PrOf. Qeol. Assoc., "01. XVII. (1901), p. 177. 
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CHAPTER X. 

THE VALLEY GRAVEL AND LOAM. 

VALLEY GRA YEL OF THE RIYER THA)lES. 

The patches of Vitlley Gravel along the course of the Thames 
are of no great extent. They lie in nearly all cases on Chalk. 

lVIr. A. J. Jukes-Browne notes that at Goring, near the corner 
of a new road opposite the school, a bell pit was sunk (February, 
1886) through soil and gravel into Chalk, the last being about 
10 feet below the surface. There is also a large gravel-pit about 
half a mile north of Streatlev. 

Near the house built for 1Irs. Stokes at the southern end of 
this road a pit was open for sand. Mr. Joseph White stated 
that the thicknesses proved were as follows :-

Grayel about 10 feet 
Sand " 17" 
Chalk beneath. 

There are patches of Valley Grayel at Basildon Whitchurch, 
and Pangbourne. 

l\I uch of the town of Heading stands on Valley Gravel. A broad 
strip rlms from the Barracks to the County Gaol and Biscuit 
Factor,,·. This gravel was fonnd to be 15 feet thick at the Royal 
Albert HotPI. 

There was for some time a pit on the east side of Elrn Lodge, 
and more recently (ID02) a pit has Deen worked close to the 
County Cricket Grollnd, Kensington Road. The sections showed 
from 17 to 18 feet of stratified gravel resting on Chalk. The 
gravel consists of much small ch~Jk, of subangular flints, some 
being of large size and bm slightly waterworn, together with a 
few large rounded quartzites. A few pieces of broken bone and 
some teeth of lIippopotam U8 have been recorded fi'om this pit.* 

In a small pit at Battle Farm, situated a little more than 300 
yards east-north-east of the workhouse, 5 feet in thickness of 
light-colonrecl sulmngulnr flint gravel was exposed. 

At the time when the excayations were made for the base
ments of the new lmildings in the eentml part of Blagrave Street, 
on the western side near the Rcud ing Ob8c'I'vcr Office, 14 feet 
in thickll~SS of slllmllgnlar fiint-grayel was exposed resting on 
Chalk, willch latter was penetrated to it depth of 8 feet, when 
water \ras r(1),ched. 

An exc<lyation made for drainage-purposes in the road in the 
Forbury, ncar the Assize Courts, exposed 8 feet in thickness of 
gravel and sand. 

To the east of the Kennct there is a wide spread of Valley 
Gravel resting partly on Chalk and partly on Reading Beds. 
Most of Church ,Yard is built upon it. 

* 1'1'01'. Gm1. Assoc., vol. xv. (1f1G7-9f1), p. 304, and vol. xvii. (1902), p.381. 
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In the London Road, opposite Portland Place,. an excayation 
showed 3 feet in thickness of brown subangulal' flmt graveL 

At the north-western corner of the Alexandra Road, at a spot 
about 50 yards eastward of ~he .Lnitarian Chapel~ and 3:djoi~ing 
the London Road, an exca,atlOn m 1887 showed 1.:> feet m thIck
ness of brmvn subanaular flint grayel resting on Chalk at 
one part; and at a point a fe'" feet southward of the above, 
chalk was reached at a depth of 10 feet. The stones com
posing the grayel were for the most part very small, particularly 
in the upper portion; but towards the base, there ,,'as a large 
liaht coloured or whitish patch of coarse flint gravollying at a 
cgnsiderable angle, and mostly made up of stones yarying from 
about 4 to 8 iliches in diameter. There were no indications of 
stratification. 

Some sections in a grayel pit a little to the east of Reading 
School were described by l\Ir. E. R. Poulton in 1880, as follows.* 

The Valley GnLYel including the surface bed was about 12 feet 
thick, and beneath it was some 9 feet of clays and sands apparently 
derived from the Eocene Beds, containing mammalian remains and 
portions of trunks of trees a foot or more in diameter, and in 
some cases seyeral feet in length. 

The Valley Grayel has been extensively dug near the mouth 
of the River Kennet. A pit between the South Eastern Railwav 
and Cholmeley Road showed 16 feet of well-stratified gravel 
resting on the Chalk. The gntyel contained some flints not 
much waterworn and some small pebbles of chalk and fragments 
of shells from the Eocene Beds. N UlTterOus pebbles of quartz 
and quartzite and a piece of quartz conglomerate were noticed. 
Amongst the small stuff were irony fragments manv of which 
were bits of fossils probably from the Oolites. The "bulk of the 
deposit was as usual formed of subangular flints and flint pebbles.t 

l\Ir. O. A. Shrubsole mentions that mammalian bones have been 
found here. t 

There are some patches of grayel resting mainly on Chalk at 
Sonning, Twyford, \Vargraye and Shiplake station. 

A good section showing from 9 to 10 feet in thickness of 
subangular anel "pebbly flint gravel overlying Chalk, was exposed 
(1886) in the VIllage of SOllning, in a pit 400 yards east-north
east of St. Andrew's Church. 

The ,Twyford grayel consists of subangular flints, flint pebbles, 
quartzItes, etc. 

The Shiplake Station patch is coarse subangular flint gravel. 
It contains pebbles --,of. quartz" quartzite, etc., like the patches of 
~lateau Gfa:'el at Shlplake Church (see page 66), and, like them, 
It also contams many fragments from the Lower Greensand. 

* QUaI·t . .TOlll"ll. Oeo1. Soc. vol. xxxvi., p. 296. 
t Quart . .Tow·Tl. Oeo!. Soc. vol. xlviii. (1892), p. 4-t 
t QU(lrt, .Tow·n. Oeo1. Soc. vol. xlvi. (1890), p. 590 : 4. Kennet "\fouth. 
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VALLEY GRAVEL OF THE RIVER PANG. 

The following note is by nil'. Bennett:-
From where this riYer enters the district gravel is seen all 

along its course. 
Near Marls ton House, Frilsham, are some patches of a high 

level Valley Gravel, and a large pit north-east of the house shows 
9 fe~t of coarse grayel with very large flints in a clayey 
matnx. 

Valley Gravel is also seen in the side valley west of l\farlston 
House. 

South-east of Coles Farm west of Bucklebury are two pits 
in fine and coarse grayel. One of the pits showed 12 feet of the 
gravel, with many pebbles in a clayey and ferruginous matrix 
with a band of stiff loam in one place resting on Chalk.-F.J.B: 

VALLEY GRAVEL OF THE RIVERS KENNET AXD ENBORNE. 

1\Ir. Bennett also contributes the following:-
In the valley of the Kennet on the western side of the district 

alluvium and peat hide a good deal of this gravel. 
The course of the river Enborne is mostly marked out by 

gravel, there being little alluvium. The gravel is mostly derived 
from the high leyel gravel and so much resembles it, but is 
coarser contains more sarsen stones, and shows more stratifica
tion. There are some seams of sand and of loam in this graveL 

These remarks also apply to the gnwel of the River Pang. 
A pit at Calthrop Cottages, north of Calthrop Mill, showed 

brown loam over gravel. South of Midgham Bridge was a 
pit in a small patch of gravel where shell-marl was also seen. 

At the junction of the river Enborne with the Kennet is 
a considera.ble spread of grayel, and there are indications here 
of it gravel terrace. 

North of ,Vasing Park the grayel has a loamy surface, so 
that there may be beds of loam in it. At Aldermaston the 
grayel broadens out on the left bank of the river, whilst there 
is but little on the right bank, and that almost confined to small 
patches.-F .. J.B. 

Near Beenham a section showing 8 feet in thickness of fine 
grnYcl, was exposed to the east of Grayel Pit Farm, a little north 
of Aldenunston railway station. 

There was another' section. shmying similar grayel in a pit 
about three-fluarters of a mile north-oast of the above, adjom
ing the road on the west side. 

At Th('a10, in a grayel pit now (1887) ploughed over half-a
mile we8t of Holy Trinity Church, on the east side of the road, 
a section showed 5 feet in thickness of gravel (not the total 
thickness apparently), consisting of small subangulal' flints and 
pebbles. 

Gnwel similar to the aboyo "'as to be seen in old pits 
I)n either side of the fork in the road, about five-eighths 



of a mile south-west of Holy Trinity Church, where the thick
ness of the grayel to the water-level is from 8_ to 9 feet. 

A large plt occurs ab~mt a quarter of a mlle e~stw3;rd of. the 
above-mentioned fork m the road; here, a contmuatlOn of the 
same spread of oTayel has been excavated to a depth of from 
9 to 10 feet, ancl"'used apparently for ballast for the railway. 

At BnrO"hfield, flint grayel 'was exposed to a depth of 3 
feet (not bottomed) in ~ pit on the north side of the fork in 
the road, one mile north-by-east of St. Mary's Church. 

A similar thickness of grayel (3 feet) was shown on the sides 
of a pond and ditch immediately north of Field Farm, a little 
more than a quarter of a mile north-wesL of the aboye pit. 

A section, showing fine whitish gravel, composed of subangnlar 
flints and with many black flint pebbles, is exposed around a 
pond about 50 yards north of Searl's Farm, nearly onc mile 
and three-quarters north-east-by-north of St. Mary's Church, 
Burghfield. 

Grayel similar to the above was exposed on the sides of a 
saw-pit situated 350 yards north north-east of Searl's Farm; and 
also along a ditch about 150 yards eastward of the farm, where it 
was shown to ha ye a matrix of blackish sand. 

In ditches around Knight's Farm, half - a - mile south-west, 
of Searl's Farm, fine flint gravel, very similar to that mentioned 
aboye, was seen in section, also in ditches along the roads and 
elsewhere eastward of Amner's Farm, nearly three-eighths of a 
mile south-west of Knight's Farm. 

Around Amner's \Vood, situated half-a-n:lile south-eastward of 
Amner's Farm, there is a little loam overlying the gravel, which 
latter was well exposed in section in the ditch run~ing eastward 
from near Amner's \Vood to the railway. 

A small stream flows by Silchester and Stratfield Mortimer 
to the Kennet, and there is a patch of gravel at Grazeley. A pit 
close_ t~ Graze~ey Court showed 8 feet of well stratified gravel 
cons]stmg mamly of subangular flmts. There were ~ome flint 
pebbles. One quartz pebble rather over an inch in length was 
noticed, but no quartzites or Lower Greensand chert could be 
found. 

V ALLEY GRA YEL OF THE RIYERt:i LODDo~ AND BLACKWATER. 

'Yit~l the exc~ption of so~e small patches at Stratfieldsaye, 
there IS yery lIttle gravel 111 the Loddon valley until that 
riYer is joined by the Blackwater. From that "point to the 
Thames the sheets of Valley Gravel are extensiye, and look like 
a continuation of the gravels of the Blackwater, with which 
moreoyer, they agree in character. 

0;1 the north Bide of the Blackwat~r ~here is an irregular strip 
of 'alley Grayel. N ear Lea Farm It IS worked down to water 
which is reached at about 3 feet below the surface. The gravel 
is composed of brown subangular flints, of flint pebbles, and of 
fragments from the Lower Greensand. 

On the south side of the riYer there is a much more extensive 
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sheet of grayel running from the edge of the district to the junc
tion of the Blaclon! tel' and Loddon at S,mllowfield, amI' only 
broken by the alluyinm of the \Yhitewater. 

The surface of the ground rises from the river southwards, and 
the highest part of the Yalley Grayel forms a terrace some 40 to 
50 feet aboye the leyel of the Alluvium, and running from 
Glaston Hill House to ,Yixent"ord and across Riseley Common. 

A section in the road by the schools near Glaston Hill House 
showed 4 feet of this grayel, with rough stratification and re
sembling in composition that of Lea Farm on the other side of 
the riYer. 

Below the jnnction of the rivers Blackwater and Loddon there 
is a large sheet of graycl running from near Swallowfield to 
Schoolgreen, Shinfielcl. 

Near the riYer the grayel is at the same leyel as the alluvium, 
but it riser; gradtll1lly. and the highest parts of the sheet are 
about 20 feet aboye that leyel. 

There was a section in a large pit a furlong south of Sussex 
Lodge, Swallowfielcl. It showed 12 feet of gravel stratified with 
seams of sand and with ferruginous staining here and there. It 
consists of subangular flints and flint pebbles, with occasional 
Lower Greensand fragments. The stones are mostly small, 
seldom as much as 5 inches in diameter. There was water at the 
bottom of the pit. 

At the large gntyel-pit to the north of Schoolgreen, Shin
tield, and a quarter of n mile south-east of the church, the 
following section mlS exposed in 1887 ;-

Feet. 
80il - 1 to 1 i 
Fine "-ell-stratified granl - 9 

The gr,tYel was of a light-brown colour, but ferruginous 
in places, and here and there stained black with manganese. 
Occasional lenticular bands and seams of brown sand and loam 
also occurred, one measuring 6 inches in thickness. There were 
not many stones larger th~n 4 inches in size, and a very few 
measnring as lllllch as that. 

In pLtces the gnwel is celllented into a hard ferruginous con
glomerate. It is composed of brown subangular fhnts mostly 
broken into fragments. There are some flint pebbles but no 
large proportion. Lower Greensand fraglllents are common, 
lllany pieces being oyer 2 illches in length. . . 

In another patch of Valley Grayel a little north of Shmfield 
Grange there WilS a pit 5 "feet deep in a similar deposit. A 
band of' fernlO'inous eoncrlomerate about 9 iDehes thick ran 

t') t"I 

for some distance n bout a foot below the surface of the ground. 
On the oppo,;ite side of the river Locldon there is a well 

marked termce running from Arbortleld to ncar King Street, and 
on it are seyeral patches of' Yalley Gravel. 

At Arbortlel(l a patch of this gmvel lies about 20 feet above 
the l'iyer. It is worked to it depth of n feet on the north of 
the lane which l'llllS across the patch. 
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Arborfield Hall stands on another patch, and there IS a pit 
showing 6 feet of gravel to the north of th~ Hall . 
. The next patch of gravel to the north nses 30 feet above the 
n~~ . . 

There was.a pit. in the ,gravel of tll.e patch at Carter's HIll, and 
several workll}O's m the fields near Dllldlesh,Ull. 

All these se~tions show a gravel, more or less well stratified, 
consisting of ~mbangular flints, flint pebbles and Lower Green
sand fragments. Almost all the stones are much broken and 
water-worn; eyen the flint pebbles have often been broken and 
subsequently rolled. . . 

From near Kino' Street to near Twyford there IS a faIrly exten
sive sheet of Yalfey Gravel on the right side of the river and 
some small patches on the opposite sidc. 

There were pits near Arbor Cottage, at Merryhill Green, and at 
Hurst GroYe. In all the grayel was stratified and consisted 
of subangular flints, of flint pebbles, and of Lower Green
sand fragments. No quartz or quartzitc pebbles could be found. 

LOAM. 

Several patches of Loam have been mapped in the Valley of 
the Thames between Pangbourne and vVargrave. 

Along the southern bank of the River Thames between 
N orcot Scours and the Fisheries at St. Mary's Island, south 
of Chazey Farm, from 2 to 5 feet in thickness of brown loam 
was exposed in section over gravel. 

Loam of a similar thickness, and also over gravel, is exposed 
along the southern bank of the Thames opposite Caversham 
Mill at Lower Caversham. 

A large irregular-shaped mass of brownish and yellowish 
loam occurs in the valley north of the village of Sonning, at 
a slight elevation above the surrounding alluvium or meadow 
land. Alollg the banks of the stream, three-quarters of a mile 
north-north-west of Ronning Bridge, it was shown to be 5 feet 
Ol' more in thielmess. 

Loam 4 teet in thickness is exposed along the northern bank 
of the Thames at the bend in the river westward of Holme 
Park. 

A good section, showing from 4 to 5 feet G inches in thickness, 
of loam overlying subangular flint gravel, is exposed along the 
nOl'thern bank of the RiYer Thames extending from near the 
French Horn Inn to a short distance be,'oncl the timber tow-
path bridge at Sonning. . 

;,\bout five-eighth~ of a mile no~th.north-east of the tow-path 
In:Hlge ~tbove mentIOned, a sectIOn along the northern side 
of the rIyer·-opposite Sonning Meadow-sllOws 6 feet in thick
ness of brown loam. 

There are two patches of loam in the low-lying ground 
south of Sulhnm between the rivers Pang and Kennet. There 
are also some patches in the Valley of' the Loddon, between 
Loddon Bridge and Shinfield. 
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CHAPTER XI.-RECE~T. 

Mr. ,\Yhitaker has rpmarked that "The allu,ium, or modern 
river deposit, of the Thames, consists mostly of silt. That 
of the Kennet is more peaty: that of the brook running through 
Bucklebury and Bradfield consists, to the e,tst of the latter place, ' 
of peat and peaty clay abo,e silt: and along one of the small 
watercOUTses running through this alluvium the bottom is 
covered with spherical calcareous concretions, from half-an
inch to an inch in diameter.'·* 

On the southern bank of the river Thames opposite YIaple
dm'halll, just south of tbe lock, a section extending to about 
:300 Y<"lrds showed fl'Olll 5 to 7 feet in thickness of brown loam. 

oil the same side, but north-west1mrd of the lock, a section 
extending for a considerable distance showed a thickness of 
5 feet or brown loam. 

The following notes on the Alluvium, Peat and Marl or Tufa 
of the Kennet and Enborne Yalleys are bv ~Ir. Bennett. 

Peat was once extensively worked rOllnd Midgham, so much 
so that very little, if any, of the thick beds can be left now. The 
peat in the Kennet Valley was dug and burnt, the ashes being 
used as manure, and this practice was carried on for o,er 150 
years and only ceased about the middle of last century, so that 
we can only wonder if any should be left. The present osier 
beds lllark the places where the peat was dug. Associated with 
the peat is a deposit of shelly marl, and this may be seen at 
Clumberhouse Farm and a little east of that place. South-east 
of Bank Farm a section 1\'here the peat was still dug for burning 
into ashes for manure was open in 1887 ; the section showed 
about 8 feet of peat and one part of the section also showed 
about an equal thickness of the shell marl, interbedded with 
the peat. 

The marl forms a feature, rising abo,e the peat as a rule and 
sometimes forming mounds in it. 

~outh of Banks Farm a fair sized patch of the marl has been 
mapped, and in this part of the sheet lt seemed to be confined to 
a spot east and west of the farm. A polished flint implement was 
found in the peat there. 

In the yalley of the Enborne, during the making of a bridge 
near Hnle End bones of ox horse, and roe deer were found. 
They m'e now in the Blackmor~ ilIuseum, Salisbury.--F. J. B. 

Alollo' the southern side of the Kennet, on the eastward side of 
the He~dil1g and Basillg-stoke Railway, a section-just south of 
the senn weil's-£howed 4 feet in thickness of brown loam 
0 yerlying grayel, which latter '\'as exposed to 4 feet. 

At ~lulllmery Ditch, Reading, bones of mammalia have been 
dug out. "Some of these occurred in a peaty deposit, along 

~ "The Geology of Parts of Oxon. and Berks.," Jlem. Ceol. Sur., Sheet 13, 
18m, p. 37. 



with fresh-water shells, below the river sallJs, and above a heel 
of gravel. Some came .from th~ lowest gra:,el.". * . 

The following quotatIOn relatll1g to Readll1g 1S of ll1terest: the 
first sentence probably refers to Yalley Gravel:-

"In the gravel, bones of ox, horse, and elephant have been 
sparingly met with, whilst in one pit upon the ,Redlands eS.tate 
the trunk of a pine tree was found .... Durll1g excavatIOns 
made in 1872, 1873, and 1874, in connection ~with the town 
drainage, and again recently by the Gas Company, immense 
quantities of bones have been taken from the beel of the Kennet, 
and from the silt and shell-marl underlying the peat in the 
nmtdow adjoining the riwr. :JIany tons of bones of various 
ages. . . have been upturned-some few are human; others 
beloll(~ to the horse, hog, wild boar [ ! same] beaver, wolf, dog, 
fox, r~cl and fallow deer, Bas prilnigeniltS, Bas longif1'ons, and 
Bas ta U /'/1S [ ? same] and goat. These are associated with pottery 
of recent, and of Roman, Saxon, British and medi:ceval date, 
numerous implements worked of bone, such as awls, shuttles, 
windc.rs, and salmon gatt's, also a yoke made of the antler of the 
stag, and some twenty or more species of fresh water shells, all 
of existillg species."t 

Many animal and plant remains, and some other objects of 
geological interest, have been obtained from excavations on the 
site of the Roman city at Silchester. t 

SARSF.N STONES. 

Sarsen stones or Greywethers which have been derived from 
Eocene strata, are not uncommon in the Chalk district and their 
occurrence in many of the gravels has been already notfld. They 
are found all over the country in use as corner-posts, and blocks 
of sarsen stone may be seen in many buildings. 

Sarsen stones are believed to have been used bv the Romans 
as mile stones between Streatley and Aldworth. § U 

The Nymph, or Imp, stone on Silchester Common is a small 
block (;f Cheywcther sand~tone about a foot square. II 

Dunng the constructIOn of the roads at Earley Rise in 
18Ri, it ~arsen stone was found about 2 feet be'iJ.eath the 
surface, on the sloping ground at a spot about 8 chains south of 
the railway and 2k chains N.\V. of the church. The stone wns a 
whitish saccharoid sandstone of a triangular shape and measure(l 
2 ft. 10 in. X 1 ft. 10 in. X 1 ft. 6 in. It presented a waterworn 
appearance, the edges being all much rounded, and rested on 
London Clay. 

* Pror. (/;01 .. A.'~oc., yo~.iv., No.8, p. 523 (1876). 
t H. ~I. \\ allls (of Rcadmg), 1881, Proc. /lol1nesdale Nat. /list. Club for 

1879 nnd 1880, p. 56. 
::: See Arc!w:ologia, vol8. lii.-lviii., 1890-1902. 
~lTl~ "Rupert .TOlL'S. History of Sarsens. Ceol. Jlag., Dec. 4, vol. viii. (l901). 

p. •. 
,Prestwich. QlInrt. Journ. (leol. Soc., vol. X. (1854) p. 124, note. 
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Oxford,63. 

Pack Horse Inn, G1. 
Pack-saddle Inn, IG. 
Pad worth, 53-5[). 
--Church, 71. 
Pang, River, .\ 32, 68, 71" R1. 
Panghourne, 5, 7, 10, 11, ()I, 7G, 81. 
Park Farm, 67. 
--Place, 12. 
Peat, 82. 
Pebble Gravel, 60, 61. 
Phillip~, Prof. John, 63. 
Pib,yorth Farm, 11, 18. 
Plateau Gnlyel, 25, 31, 53, 63, 66-70, 

72-7.+, II. 
-- ---::\ol'th of the Thall1e~, 61. 
Plot, Robert, 37. 
Plough Inn, GG. 
Plummery Ditch, 82. 
Pollard, Dr. W., 36. 
Portland Place, ,7. 
Pottery, Ancient, 83. 
Poulton, E. B., 77. 
Poulton alld Sons, ::\Ie88rs., 33, 11. 
Pre~t'\yich, Sir J., 19, 23, 28-30, 39, 

10, 16, 61,62, 83. 
Prospect Hill Park, 31, 11. 
l'urley, 68. 
-Hall,69. 

Halll~dell Clay, 55. 
Heading, 13, 15, 23-25, 28-30, 32, 33, 

:36-38, 11,1G-18,G8, 70, 72, 73, 7G, 82, 
,,:~. 

--and Babingstoke Raih\"ay, 82. 
--Barracks, liD, 70. 
--Beds, 13, 1:1-13, 1l>, 19, liO, 61, 

66-70, 73, i6 ; Analysis of, 36. 
---Leaf Beel, ·10. 

-Ol)se)'ueJ' Ot1ice, 7(;, 
-Road,18. 
-School, , •. 

T\\'yfonl Hoacl, 73. 
Hell Hill, IH. 
RedhLml", Hou~e, 18, 83. 
--Hoad, Reading, 1., 
Beeks, '1'., :~6. 
J\lto(le~, .1., 11, 10. 
EII1/lichollelia Cllt'I'O'I, d'Orb, 7. 
---'---zone 01',7,8. 
--prie(/tilis, "aT octoplicata. 13. 
Ridge Farm, ;)[1. 

Riseley Common, 80. 
Rivers, 5, 6. 
Rofe, John, 37, 38. 
Roman Town, Silchester, 55 71. 
110se Hill, 16, 1., G1. ' 
----Kiln, 33, 66. 
Rowland Castle, 21. 
Royal Albert Hotel, .6. 
Rueller, F. \Y., 3G. 
Ruscombe, 21, 32, 10, 75. 
Rusdens, 21, 13. 
Rushall's Farm, 20. 

St. Andl'e,,~s Church, ii. 
St. ::\Iary's Church, 72, 79. 
-- --College, ,YoolhallJpton, 51. 
-- --Island Fisheries, 81. 
St. ::\Iichael's Church, 38, 69. 
St. Paul's Church, ;,6. 
St. Peter's Church, Ca vel'sham, 6,), 

6G. 
----Earley, 18. 

--Hill, 65. 
St. Sa,iour's, 28. 
Salisbury, 82. 
Sal/.)·, 11. 
Nandllit Lane, 17, ;,.-,. 
~aporta, Comte de, 10. 
Sar~en Ntone~, 61, 68, 69, 71, 78, 83. 
Schoolgreen, i:'hinfielel, 80. 
Searl':; Farm, 79. 
Septaria, 13. 
Sharman, G., 31, 10. 
Shaw Kiln, 30. 
Sheepgrove Farm, 55. 
Sheffield Bottom, 32. 
Shepperlands Farm, 5,. 
Shinfield, 72, 80, S1. 
---Grange, 80. 
Shiplake, ,), 6, 11, 12, 60, 61, G6. 
--Church, 7i. 
--Kiln, 18. 
--Row, 18, 6G. 
--Station, Ii. 
Sll!~ub~s~lOle, O. A., 11, 65, 66, .0, 74, 

;0, j I. 

Silchester, 5, 53, 51, 71-i3, 79, 83. 
--Arms, 55. 
--Common, 55, 71, 83. 
--Plateau, 71. 
Sims Farm, 55. 
Sindlesham, S1. 
--Church,5S. 
Slade Gate, 67. 
Sloane, Dr., 36. 
Sonning, 5, 32, 39, 1G, 49, 73, 77, 81. 
--Bridge, 81. 
--Church, i3. 
--:\Ieaelow,81. 
South, 68. 
80u1.heot, 25. 
South Eastern lhilway, 59, 72, 7i. 
Southern Hill, 32, 33, 16, 72, 73. 
South Western Railway, 5G. 
Spencerwood COllllllon, 72. 
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Springfield. House, GG. 
Stanford, 32. 
--Dingley, 5, 13, 1-1, ;20, 32. 
Stan lake Park, :32. 
Stapnall's Farm~, G-I. 
Stokes, ~Irs., 7G. 
Stratfield, 5. 
--~Iortimer, 5, -10, i2, 79. 
Stratfieldsaye, 5, 79. 
--Park, G. 
Streatley, 5, 7, 8, 18. Gl, 7G, 83. 
--Farm, S. 
Stroud's Farm, 19, 20. 
Stukeley, Dr. 'Yilliam, 37. 
:Sulham, 23, 81. 

-Church, G9. 
-Wood,23. 

Sulhalllp6tead, 5-1. 
-ALLots, -15. 

--Park,32. 
Sus8ex Lodge, SwaJlowfield, 80. 
Swallowfield, 5, SO. 
--Park, G. 
::';"'allow-hole8, IG, 22, 32. 

T"Lular Flint, 9. 
'radley, 5-1. 

Common, 71. 
--Kiln, 71. 
Tagg La,ne, 17, 22. 
'ranner'8 Farm, G5. 
,]'el'e01'(ttulina fjmcilis, val'. 1({tll, 7. 
--zone of, 7, S. 
Tertiary Beds, 13, 1-1, IG, GO. 
Thames RiYer, 5, G, 9, 1:\ 37, no, G;3, 

G-I, GG-GS, 71-73, 75, 7G, 79, 81, P2. 
--Valley, 7, 9 11, G3, S1. 
Thatcham, f). 
Theale, 5, 2-1, 78. 
--Station, 23. 
Ticlmar~h, 5, G7. 
Tilehurst, 23, 2;), 30, -1-1, GS, GD. 72. 
--Common, G9. 
-- Reading Outlier, 2;3. 
Toker~ Oreen, 16. 
-- --Lane, (i;i. 
Toot's Farlll, G:i. 
Toutley Hall, :)G. 
Traveller's Inn, 71. 
Trencher, Ll., 1;3, 31, 40, -12, -I!), ',0, 

G;" GG, 7:3. 
Trench, H., 57. 
Triassic peLLle~, GI, G-I. 
Tufa, S2. 
Turret House, 70. 
Twyford, 5, 32, 75, i7, 81. 
---~ondon Road, 21. 
- - "' lca,rage, -10. 
--,raterworks, 22. 

Ufton Park Wood, [).-). 
Unitarian Chapel, 7i. 
U ppcr Bagshot Beds, G9, 7-1. 
e pper Basildon, 19, G7. 
--Bowden Farm, 21, 67. 

Chalk, 7-9, 13, 60. 

r pper Y\ oolhampton, G-I. 

Yalley deposits, :H 
--granl, 76 81, 83; of Rivers 

Kennet and Enborne, 78; of RiYers 
Loddon and Blackwater, 79; of 
RiYer Pang, 78 j of RiverThames, 76. 

Vibul'nulII, 41. 

'Yallis, H. :Jr., 83. 
-Waltham, 13. 
'Yargrave, 5, G, 12, 22, -1-1, Gl, 77, Sl. 
IYarren Lodge, 57. 

-Pit, 21. 
IYarwickshire, G3. 
"-asing, 5-1. 

-Park,78. 
-Rectory, 71. 

IYaterloo Brickyard, ;3;3, 3G, -10. 
'YeLb's Farm, 57. 
Wellington College Station, 59. 
--~Ionulllent, 5;), 
Westwood Kiln, :31. 
IV heeler's Green,73. 
"-histley Green, 32. 
Whitaker, \Y., 7, IG, 17,19,20,22,2-1-27, 

;30, :~a, 3G, 37, 39, -I;3--1G, -lR, -19,60, G2, 
82. 

Whi tchurch, 5, 10, 12, 15, G 1, 7G. 
--Gate, G-I. 
White Hill 10. 
White, H. J O~Lorne, G, 13,GI-G1, 7,;. 
---Joseph,7G. 
'Yhitehouse Farm, 72. 
Whiteknights, Lake, 4S. 
--Park 32 
Whitewater, 'G, 80. 
Whiteley, 5. 
--Hill, :32, -IG. 
--:JIanor Farlll, 32, 33. 
'''hi ttles Farm, 1 G. 
Wick Hill, 58, [)9. 
WillulY, -11. 
Windsor Fore~t, •. 
Winkfield, 7. 
Wixenfol'll, f,7. 
I\'okinglmm, 5, G, -10, -12, G(i-G8, 7b. 

-Eoad, Earley, -1R. 
----Hen,ding, 38. 
- -Station, GO, 5G. 
--\Vaterworks, 42. 
Woodley Hill, Earley, 72. 
IYooclrow'H Farm, la, lB. 
\Voolhampton, 40, -12, 5-1. 
Woolwich Green, 45. 

Yattendon, 1-1,19,20,43,68. 

Zone of lIo'aster planus, 9, 10. 
--J[n 1'8U}lites, 12. 
---JfiC1'(ISiej' C01'!!ngu ill UIII, 9, 11, 

12. 
---.11. cOl'testud'inm'iuln, 9-11. 
--Rltynchonella Cuvieri, 7, S 
--Terebmtulina, 7, S. 
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PRKFACE. 

THE country described in this :Memoir includes a large part of 
Salis bury Plain and part of the Yale of 'Yardour. The original 
Geological Rnrvey was made by H. 'Y. Bristow, and published on 
the old series sheets 14 anel15, in 18:')6 and 18.57, without any 
accompanyillg Memoir. 

The re-Slll'vey on the six-inch scale was commenced by JUl'. A. 
J. Jukes-Browne in 1890, and resumed by JUl'. F. J. Bennett in 
1894, under the superintendence of Mr. "'Whitaker. 1\11'. Bennett, 
who surveyed most of the ~Tound, retired in 1899, and the field 
work in the Vale of vVan10ur was completed in 1900 by JUl'. 
Clement Reid, to whom the preparation of the Memoir has been 
entrusted. 

Few notes were left by Mr. Bennett, and Mr. Reid has availed 
himself of materials gathered by Mr. H. B. \\T oodward, and 
published in the General JUemoir on the Jurassic Rocks, and of 
those by l\Ir. A. J. J ukes-Browne, some of whose observations 
have been published in the JUemoir on Cretaceous Rocks, vol. i., 
or prepared for the later volumes. 

As the Portland and Purbeck strata of the Vale of vVardour 
extend a little way beyond the limits of the map, it has been 
deemed desirable to include descriptions of all the sections in the 
present Memoir. 

\Vhile recognising our indebtedness to previous workers 
notably to Fitton, whose early observations made the Vale of 
Wardour classic ground for geologists, as well as to Brodie, 
Prestwich, Mr. W. H. Hudleston, Prof. J. F. Blake, Dr. C. Barrois, 
and others, it is a satisfaction also to acknowledge the personal 
assistance rendered by the Rev. \V. R. Andrews (formerly of 
Teffont Evias), and by Dr. H. P. Blackmore, of Salisbury, whose 
intimate knowledge of the Chalk, the Pleistocene, and later 
accumulations is so well known. 

J. J. H. TEALL, 
Director. 

Geulov iw1 S/lrl't'!J O,1jice 
28 J('J'?lI!J11 ::JiJ'l'l't, London. 

18th October, 1901. 

6152. 500. \Yt 185!l. 1/03. Wy. & S. 3781', 
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GEOLOGY 

OF THE COUXTRY AROUXD 

SALISBURY. 

CHAPTER I. 

I~TRODUCTIO~. 

SHEET :WH of the Geological Smyey :Map takes in an area of 
21G square miles, belonging to ~Wiltshire and including the 
southern part of Salis bury Plain, the Vale of 'Vardour, and part 
of the Ayon Valley.* At its north-east corner the Map just 
overpasses the Hampshire boundary; but only takes in a quarter 
of a square mile belonging to that county. Salisbury and Wilton 
are within its limits, which extend westward to Tisbury, north
ward to Amesbury and Stonehenge, and eastward to East 
Grimstead. )lost of the district is occupied by undulating 
Chalk Dmvns, ~which rise in a few places to 700 feet, and even 
reach 766 feet above the sea on White Sheet Hill. The Downs 
are deeply trenched by river yalleys, all tributaries of the AYon, 
and one of these yalleys that of the Nadder, lays bare a few 
square miles of older CretaceOllS and of Jurassic Rocks in the 
'Tale of , Val' dour. These older strata give rise to scenery of a 
totally diftcrent character, with sandv heaths, clay fiats, and 
outcrops of limestone; making bold" scarps and' flat-topped 
hills very unlike the rounded Chalk Downs. This difference of 
scenery 111arks off the Vale of 'Yarclonr as something apart from 
the remainder of our district. Another small area ot" distinct 
character-sandy or clayey, well-wooded lando-is formecl by th(' 
Tertiary syncline near Alderlmry, which, however, only occupies 
about seyen square miles. 

This region is mainly deyoted to agriculture, the Chalk Downs 
forlllin~ excellent pasturag'e for sheep, while the yalleys are 
noted tor their dairy-farlIllllg. Most of the area, even of the 
high and exposed Salisbury Plain, is now under the plongh; but 

* For" List of Books, Maps, Papers, ,,"c., on the Ueo]ogy, Mineralogy, and 
Palreontology of ~\YiJt8hil'e " to the year IS/il, by Mr. "T. W'hitaker, see Wilt8. 
Arrli(wl. l1[ag., vol. xh-., p. 107. 

m~ B 



2 THE GEOLOGY OF SALISBURY. 

the character of the land yaries greatly, even over the same 
rock. Some areas of U ppm Chalk, like that around Stonehenge, 
are dry, having only n few inches of soil; whilst others have five 
or six feet of stony loam, which makes a wet soil and supports 
extensive woods. The soils in the Vale of ",Vardour are so 
greatly mixed, through downwash from the scarps on each side, 
that in that region there is but little land the soil of which can 
be said to be the direct product of the rock on which it lies. 

The other industries connecteel with geology are mainly the 
quarrying of' Purbeck and Portland stone for building and road 
metal, of Chalk for lime and cement, and the digging of brick
earth and sand for building-purposes. OYer great part ,of the 
area the loose Chalk-flints found in the fields are used for road
making. No ores are obtained in the district, the only under- . 
ground workings being those for the extraction of the Portland 
stone around Tisbury. 

The formations represented in Sheet 298 are as follows :-
Hecellt Alluvium. 

r Brickearth. 
Pleistocene Yalley Grayel. - 'l Plateau Gravel. 

Clay with Flints. 

{ 
Bagshot Sanel. 

- London Clay. 
Heading Beds. 

Eocene -

f 
Upper Chalk. 

F pper :JIiddle Chalk. 
Cretaceous - 1 Lower Chalk. 

Upper Greensand and 
Ganlt (Selbornian). 

Lower r Lower Greensand 
Cretaceous l IVealden. 

epper Lower Purbeck. { 

Fpper Purbeck. 
:J,Iiddle Purbeck. 

Jurassic Fpper Portland. 
Lower Portland. 
Kimeridge Clay. 

The strata benenth t.he Kimerielge Clay haye nOlVhere been 
renched within the area described ill this Memoir. There seems 
reason to belieye, however, that seyeral thollsnnd feet more of 
Secondary strata woulel hnye to be passed through before any 
Paln'ozoic rock could be touched. Under these circumstances it 
seelllS useless to discuss the possibility of Coal Measures being 
met with. 

Before entering' on the description of the strata aboye tabulated, 
it lllay be useful to S,ty a few words on the underground structure 
of the district; for in this regioll the appearance of the rocks at 
the surface is (lue more to unclerground structure than to any 
stl'0l1O'Iy-nccentu,lted system of hill and yalley. If a general 

~:~l;o~~~~~l tl~~:~~s~~t~;::;: l:)~rji~:~l~~~~~~~l~l~~li'~~~l~'e~teto~v~;ol:i~r~~ 
There is, in the -tirst. pInce, a general uptilt toward the north~west, 
('ausino' n s!roll,)'l\'-ll1arkcrl north·cast and south-west stl'lke of 

t'l ,'-I .. ~ 

the rocks from the ,\Yash to the Del'Oll coast. Eyery strat.um 



IXTRODrCTION. 

has been so tilted that the newel' rocks occur, in general, towards 
the south-east. But this uplift, which cuts oft" the London and 
Hampshire Tertiary Basins, and gives a general, though slight, 
south-eastward clmt to the strata throughout the Salisbury area, 
is modified by a series of sharp folds with axes neady east and 
west. These east and west folds are most strongly developed in 
the coast region between Brighton and ,Veymouth: but two of 
them enter the area described in this .Memoir. On the east of 
Salisbury a synclinal trough extends from the A von at Alderbury, 
through East Grimstead, to the River Test outside our district. 
\Vest of Salisburv a well-marked anticline coincides with the 
Vale of ,Vardour vand causes the Cretaceous rocks on either side 
to dip towitrds the north-north-east and south-south-east 
respectively .. An older disturbance, which affects the Jurassic 
and Lower Cretaceous rocks, but does not affect the Upper 
Cretaceous, occurs in the same area; but this disturbance, though 
important, cannot easily be dealt with until the various strata 
involved haTe been d~scribed. It will be again referred to. 

61.32. 
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CHAPTER II. 

KHIERTDGE ('LAY. 

The .J massic rocks of the Yale of \Yardour appear m succes
sion from beneath a coyering of newer strata. The two series 
dip in the same general direction, and have the same dominant 
strike; but the older rocks dip at a higher angle than the newer, 
so that newel' and newel' J massic strata appear as the valley is 
followed eastward. Three miles west of Tisbury, Upper Cretace
ous strata rest immediately on the Kimeridge' Clay; at Teffont 
they rest on Upper Purbeck ro.cks; at Dinton the Wealden 
clays come between. Perhaps, If the valley were deeper, we 
might find that a few miles to the east, near Salisbury, the rest 
of the missing Lower Cretaceous strata are preserved. 

The exposure of the Portland and Purbeck rocks in the Vale 
of \Vardour is so small and isolated that, though part of the 
outcrop lies without our district, it will be most convenient to 
complete their description in this l\IeulOir, especially as it will 
only add a page or two to the bulk, and the Frome map cannot 
be finished for several Years. 

The Kimeridge Cl;q shown in the Salisbury map crops 
out only in the bottom of the "mIley near Tisbury; but it is so 
obscured by dmn1wash from the hills on either side that little 
can be saier about it. There is no clear section within the area 
herc described, though a well on the alluyium immediately north 
of \Yalllllead Farm showed black, unctuous, shaly clay. Another 
well, close to the stream at the Chilmark quarries, is said also 
to haye reached yery black clay beneath calcareous sandy beds 
(Portland) at 39 feet from the surface.* It is not quite clear 
whether this may not haye been a clay-bed in the Portland 
SalHls: for the foreman told me that the well was still in sand 
at the bottom, and that the solid clav had not been touched. At 
any rate, tho Kimeridge Clay oannot'be fitr bolow the stream-beel 
at t,his point. (See p. 10). 

\Yest of tho sUlall area hore desoribed tho outcrop of the 
Kimeridge Cl,lY in the yalley bottom gradually widens, until it 
merges into tho oxtensiYe, undulating, woll-wooded plain, which 
stretches in a wido belt from south-west to north-east almost 
across Englnml. 

* H. B. \VoodWl1.l'd, " The Jnrl1.ssiu Rocks of Britain," vol. v., p. 204, Mem. 
U~nl. Ruryey, IS9;i. 
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CHAPTER III. 

PORTLA~D BEDS.* 

The Portland Beds comprise a ,ery 'mriable set of strata. In 
the upper p[Lrt they include shelly limestones, oolite, chalky and 
cotllpact limestones, with local layers and nodules of chert, ancl 
some beds of sand and calcareou~ sandstone. The lower beels 
comprise alternations of greenish-grey glauconitic sand with 
thin 10,1ms and clays. The thickness of the entire formation in 
the \Tale of 'Yardo"ur is about 100 feet, and it extends frolll near 
DOllhead and East Knode on the west to Tisbun~ and Chicks
grove, where it sinks be{leath the stream leyel. Il~ the Chilmark 
\~a.lley, howe,er, it ,\gain appears, and has been extensively 
worked. How far it extends east\n\,rd beneath the newer strata 
is still unknown. 

The Portland Beels are essentially marine lWclll1lulations. In
dications of estuarine cOllditions have heen considered to occur 
in the so-called" UYI'e?w-becls" of the Vale of vVardour. The 
" C'YI'enn" is really It Cytherea or some allied lllarine genns, but 
l\lr. H udleston observes that the" shell, being frequently associ
atecl with CeJ'ithinm, represents a peculiar estuarine conclitioll, 
which was the precursor of the Purbecks," t NeritoJlw and 
COI'bul(/, which also occur, may be taken to afford similar 
testimony. 

The following are the zones of the Portland Beds that are 
more generally adopted, together with a few of the leading 
fossils :-

/
' Uythere," rngm:a. 

;: fA" Trigonia gibbosa. 
,one ° .'l.lllIllOm te~ glgan teu~ "l Alllllloni te~ Loloniensi s. 

Trigonia incurva. 

f
" Trigonia Pellati. 

Zone uf .I .. llllll()nitc~ j_l'ig'aB Cyprina Brongniarti. 
~ ~ l Exogyra bruntl'utana, 

.\stal'te Sffimanni. 
Anwwnitcs Uigcts has not been very definitely recorded frolll 

this country, and abroad the zone is sometimes separatecl and 
put below the zone of CYLJI'inu Rl'Ongni(i/'ti. Still the ranges 
uf species in different parts of the Continent seem so variable, it 
is illlp~ssibio ~o mark minor zonos that will hold good over any 
extensIVe reglOll.! 

. Q'l'ga1lic RCln((ill.~. 
Among the fussils of the Portland Be(t-; thore are occasionally 

fOl~nd remains of Saurians, inclu<lillg species of CimoZ,iosat';J'U8, 
PlwSanJ'U8, and jl[ell'io/'hYll('11U8 ; and of the Chelomans, 
Stegochelys and Plenl'Ostc/'1wm. The Fishes include /8('h1joclus, 
J.l[esodon, and Lepidotns. ' 
* By H. B. \Voodward, with additions, in square bra~kets, by Clement Reid. 
t Proc. Ueo!. Assoc., ,'()J. vii., p. 170 (1881). 
t f;ee J _ F _ Blake, Quart. J ourn. Oeo!. Soc., vol. xxx"ii., p. 497 ; see also 

Table by Fox-Straugways, Memoir on the Jurassic Rocks of Britain, yo! i., p. 25. 
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Ammonites are fairly abundant, especially the large A?nrno
nites gigcmteus, of which examples are obtamed in considerable 
abundance at Portland. Closely related to this species is A. 
boloniensis. Belemnites are extremely rare. 

Many of the Portland Stone fossils have lost their shells, and 
only casts or moulds are preserved, as in the Portland "Roach." 
Layers of this character occur on different horizons in the Upper 
Portland Beds. Thus the shells of Cerithiurn, Neritorna, 
TI'igonill" &c., are removed, but Pecten and Ostrea., where present, 
retain their shelly matter. . 

The Portland Sands do not, as a rule, afrord a rich field for the 
collector, but fossil-beds occasionally occur, from which Amnw
nites, Pecten, ]'Iytilw:;, KcogYI'(( bl'nntrntana, Thracin, Trigonut, 
&c., lllay be obtained. Brachiopoda and Crustacea are rare in 
the Portland Beds: of the latter, remains of Erynw, and Glyphe(( 
have been found. No species of PoLyzoa are recorded; Echino
derms are occasionally obtained. 

One Coral, the Tisbury Star-coral, Isastrmf(, oblongct, has been 
found in some abundance in the Vale of 'V ardour; and rarely in 
the Isle of Purbeck. It occurs in the Chert. Calcareous 
examples are not lllet with in England, but they occur in the 
Upper Oolites of Sutherlandshire. Sponge-remains (Pachas
l1'clla) are also found at Tisbury (See p. 10.) Remains of 
Plants (Aranc(t1'ites) are but seldom obtained. 

PORTLA~D FOSSILS .. 

FIG. 1. 

Fm. 1. Pecten iamello,;us SOli'. ii. 

FIG. 2. 

FIG. 2. Cel'ithiulll pol'tlandicum 
Sow. (cast). 
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PORTLAND FOSSILS. 

FIG. 3. FIG. 4. 

FIG. 5. 

FIG. 6. 

FIG. 7. FIG. 11. FIG. 8. 

FIG. 9. 

Fw.lO. 

Fm. 3. Cardium dissimilc, Sow. t. FIG. 8. Cytherea rugosa, Sow. 

" 
4. Trigonia gibbosa, Sow. l 

" 
9. Cyprina elongata, Blake. 

" 
5. Amll1onites[Perisphinctes] 

" 
10. Exogyra bruntrutana, 

giganteus, Sow. i-g. l'hunn. 'i. 

" 
6. Perna mytiloides, Sarno ~. 

" 
11. Isastr<Ba oblonga, Flem. ii. 

" 
7. Lucinaportlandica, Sow. t. 



8 THE GEOLOGY OF ~ALISBURY, 

The more abundant and noteworthy fossils of the Portland 
Beds are as follows :-

Amlllonites [Perisphincte~] biplex 
-- [ ----- ] Lolonien"is -
-- [Olcostephanus] giganteus (Fig. 5) 
Buccinulll? angulatulll
Cerithiulll portlandicum (Fig. 2) -
N atica elegans 
-- incisa -
N eritoma sinuosa
Pleurotomaria rugata 
Cardium dissimile (Fig. 3) 
Cyprina elongata (Fig. 9) 
-- implicata 
Cythm'ea rugosa (Fig. 8) 
Exogyra bruntrutana (Fig. 10) 
Lucina portlanrlica (Fig. 7) -
Ostrea expan~a 
-- ::;olitaria 
Pecten lamelJo,m~ (Fig. 1) 
Perna Bouchardi -
-- mytiloides (Fig. 6) 
Pleuromya tellina 
-- Voltzi -
TIll'acia tenera 
Trigonia gibbo"a (Fig. -1) 

Lower 
Bells. 

1 

1 
] 

1 
1 

1 

1 
1 

1 

Upper 
Beds. 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
:2 
2 
2 
:2 
2 
3 
2 
2 
2 
2 

-- incurva 1 2 
-- Pellati - 1 2 
Isastnea oblonil~ (Fig. 11) 2 

The Yale of ,Yarclonr is one of the classic regions of the 
g·eologist. Large quarries haye been opened in the Portland and 
Purbeck beds, manv fossils have been obtained, and the district 
has been described"by many observers. Pyt House, a few miles 
west of' Tisbury, was the home of nIiss Ethcldred Benett, one of 
the earliest of lady geologists, who gave especial attention to the 
fossils of \Yiltshire, and published the first detailefl account of the 
stmta.* They haye subsequently been studied by Fitton,f 
:\11'. W. H. Hudleston,~ Prof. J. F. Blake,§ and the Rev. W. R 
Andrewsll (formerly of 'l'effollt Evi'lS). 

The geneml section of the Oolitic strata in the Vale 01 
\YanloUl' is as follows :-

Lower 
Purbeck 
Bed". 

f FIn O'gy limestones, dirt
b~ds, and peculiar oolitic 

l Lcd~. (~ee page H;.) 

FT. IN. 

* A Catalol:,"ue of the Organic Remains of the County of Wilts, 1831; (privately 
issued). 

t Trans. Geol. Soc., ser. 2, vol. iv. pp. 251, 234. 
:t Proc. Geol. Aseoc., yol. vii. pp. 167-170, and Geol. Mag. 18S1, p. 387. 
§ Quart. Jonrn. (ieo!. Soc., \'01. xxxvi. p. 200. 

l'roc. Dor"ct N'1t. Rist. Club, yol. '". p. 66. 
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General Section of Oolitic Strat1t in Vale of 'Vardour-contrl. 

l' pper 
Portland 
Bed~. 

Cpper 
Building 
Stones. 

Chalky 
::lerie:5. 

Hag~tone. 

Building 
::ltonc8. 

Lower Portland Beds. 
Kimeridge Clay. 

Buff ~andy and oolitic lime
stones,compact limestone, 
and occa~ional chert-8eams 
in lo,,"er part 10 to 

::loft white chalky limestone, f with nodulc~ and veins of 
\ black chert - J to 

Brown, gritty, and shel~y 

I 
limestone, di videel m 
places by seam of rubbly 
marl - 4 6 to 

\ Pale 8hellv and oolitic lime
~tones, ,,-ith rubbly shelly 
marl at base -

Trough bed: Hard buff 
sandy and oolitic lime
stone, the ~urface covered 
with bivalves (l'l'i[/unia 
Uibbu.'a), the bed llIerging 
into that below 

Ulauconitic and ~andy li'ne
stones; divided locally 
into :-

Green Bed -;, 0 
Slant Bed 1 li 
Pinney Beel - 2 () 
Cleaving or 

Hard Bed - 1 0 
Fretting Bed - 3 J 
rnder Bed~ - 3 0 

FT. IN. 

16 o 

24 o 

5 6 

3 

4 

9 

The finest exposures of the Portland Beds are to be seen at 
the Chilmark rayine, about a mile south of the village, but there 
,wc a number of quarries nenr Tislmry. 

The Oolitic series has 11, g'eneml inclination towards the E.::';.E .. 
but the beds are affected by\mdubtions, which bring the Portland 
Beds to the :,mrfiwe at Chilmark. The Upper Cretaceous rock" 
extend across the denuded surfitCes of the older strata and forma 
margin to the vale both north and south. (::';ee Fig. 12.) 

On the west sille of the Chilmark l'ayine only the lower 
building-stones are worked. on the east side botll Upper :11ul 
Lower Beds are qtHtrried, for the 1l10st part ill underground 
workings. The oyerlying Pnrbeck Beds at the Teffont (Chil
mark) 9ullrry are noted on p. 21. The 101l-er building-stone~ 
,tre as follows :-

FT. 11'. 
Chalky NerieK. 
"WHITE BEll: gritty lillle~tone, uKcd for 

hearthstone - 1 (j to 4 
Rubbly marl (Hag) - - - () 

Upper Shelly Limestones - - :{ 

Beds. Hubhly marl, pas~illg into Hoach - - () 
UREEN BED: hard huff or pale greenish-grcr 

oolite merging into hed below - 2 G to 2 
PINNEY Bl<:D: brown glauconitic and ooliti.:; 

sandy limestone in three or four layer~ . 12 

o 
(j 

Ii 
3 
n 

9 

o 
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A well at the base of the Chilmark (Teifont) Quarry was sunk 
to a depth of 39 feet through clays and citlcareous sandy beds 
to very black cby (Kimeridge Clay), and water rose to within 
19 feet of the surface (see p. 4). 

The thicknesses at this locality l1l"y be thus sUlllmarised:

( l'l'per Building Stone~ 
l' pper Chalky :-;eric~ -

l'u]'tland Becb. 1 Ragstone. . - -
tLower Bmhlmg Stones 

Lower Portland Beds 

FT. IN. 
16 0 
24 0 

9 0 
18 0 
:38 0 

10" 0 

The J~owel' (or Chief) Building Stones haYe yielded but few 
fossils. Prof. Blake records A IIUlWII ito; bolo)! iCllsis and A. biplcJ·. 
The beds contain occasional cherty masses, and a quantity of 
,,,ponge-spicules lllil.Y, according to :Mr. Hudleston, be found in 
some of them. He observes that 'l'l'igon i(L gibbosu is found in 
a state uf' chaIcedonic replacement, and states that the Pinney 
Bed is penetrated by it small Serpula, from the appearance of 
which the name is derived.* 

The names applied to these building-stones vary in different 
parts of this district, and other names besides those mentioned 
have been usecl.t 

The Rag-stone Beds are characterized by CythCI'C(L (" Oyrclw") 
I'ngos((, and they have been termed the "Lower Cyrena Beds." 
Gasteropods are fairly abundant, including the form known as 
C'cl'ithinnt conc(u'um, the slllall ~YutiC(L elcgans, Psendomelanit[ 
tCI'CS, -,-Ycridolllns tl'anSi'el'suB, J.YCI'itOIlW sinnos([ and Acteemi i1UL 
sigH iun.t The beds yield also CorlmhL, Canlium dissinl,ilc, 
L II C ilw llO l'flall d i C(I, &c. 

:'111'. Hudleston considered there was evidence of a break 
between these beds and those below. He noted at the base an 
irregubr Tl'igmiiu-beel, with T. gibbas(L and 11Iytilns j1~1·cnsis. 
TI'igonia -,-lIuJiscli also occurs in these beds. The shells in this 
division are well preseryed. The absence of Amlllonites is note
worthy,ancl thegenentl assemblage is considered by Mr. Hudleston 
as suggestiye of' tim-io-marine conditions. 

The Ch,tlky Series calls to mind the similar beels at U pway, 
The fossils are marine and include A lIlnWli ites bolon icnsis, known 
as "Horns," Plcnl'otollw I'i((' 1'Ug((tU, Tnl'110 (I pel'f us, G(Lrd iwn 
d iS8i In ill', Luci W( p(JI'tla lid icu, Osf'/w(' e.l.'jJ((, 1I 8(6, Pecten lmneUo8iLS, 
PllO[wlolllya tum ida, Plclu'omya telli W(, and TI'ig01ii(6 gibbos(t. 

The Upper Building Stones, termed by Mr. Hudleston the 
., Upper Cyrena Beds," yield fossils for the most part in casts, 
and the beds have been compared to the Roach of PortlaI~d. 
Caitll iu In 1)()}Ha11d iCllill is characteristic, and among other fOSSIls 

• l'roc. (leol. Assoc., vol. vii. pp. 111, 172. . 
1- See Section of Chicksgrove Quarry, hy ?Iiss E. Benett, 8owerby's i\Jmeral 

Conchol., vol. ii. ]SI8, p. 58. .. 
:!: See Hnlllestoll, tieol. ~Iag. 1881, p. 387; an<l Proc. Geol. Assoc., vol. VII., 

pp. Hi l , &c. 



N.W. 
J<'onthill 
Ahbey. 

FIG. 12. 

Section aC1"088 the Vale of WardOU1".-(H. B. WOODWARD.) 

EorizonMl scale 2 inches to a. mile. Vertica.l scale 1,200 feet to an inch. 

Tisbury. Wockley. 
River 

Nadder. 

Castle 
Ditches. 

~-}~~i~~~~~~~.ii -- ~--;~~~----
3. Purbeck Beds. 
2. Portland Beds. 
1. Kimeridge Clay. 

6. Upper Greensand. 
5. Gault. 
4. Wealden Beds. 

S.E. ~ 
s: 
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there are Xel'itOJna ~·i n nOIj((, G'ythCl'ea (" G'yrenct") n~gosc[, 
TI·igonia !JilIVOS([ (not uncommon), CUI,(liUl/i dil'sin1ile, L-nci1Ut 
jwrtlandic(I, ,md PectPll lamell(l,~U8. 

Porthmd Beds, with usualh~ some thickness of Purbeck Beds 
on top, were worked on the north side of River N adder by Chicks
groye ~Iill, and there were other quarries (with underground 
workings) on the south side of the riYer. An account of one of 
these was published by JIiss Benett in ISIS,* The locality is 
that of Upper Chicksgroye, and pits were opened westwards in 
Quarry C~p~e, south of. the railway. A cutting on the railway 
west of ChlCksgroye ~Illl, and north of 'Vockley, showed the 
following section :-

L~pper 

Portland 
Beds. 

Lower 
Portland 

Beds. 

r
GreeniSh sandy bed - -
Hard grey sandy limestone, weathering white: 

TI'igoll III, Allllilon-ites -
Greenish and grey beds of more or les~ 

, calcareou,; ,;andst.one or :;andy limestone -
\ Shelly lime,;tone: 0e1'pul«( -

Sandy and shelly limestone: Sel'l'nla 
Sandy Illarl: Ostrm, SerjJulu, ~pine of 

Eeltlnll" 
\ Grey shelly limestones -
(Brown and greenish-brown ,;and with clay seams 
, and bands of indurated sand: casts of 

FT. Ix. 
1 0 

1 3 

2 6 
2 6 
2 (j 

o 4 
4 0 

l shells here and there, thin beds of stone near 
top 1.) 0 to 20 0 

The three upperlllost beds merge one into the other, and are 
llHlch shattered at the top in places. The fissures that sometimes 
traycrse the rocks in this (listrict are known as "lets."t 

At ,y ocldcy, sout h-c.tst of TisblllT, the beds are much reduced 
in thickness,' and their character, especially in the Im\~er beds, is 
altcrcd, for we miss the Rtgstones of Chilmark. (See Fig. 28, p. 22.) 
The individnallayers of rock also y,nT much in thickness. On 
top there is from "18 to 20 feet of Lower Purbeck Strata, beneath 
which we find :-t . 

l' Pl'er 
Portland 

Bed". 

4. Beel of Roach, with lenticular ma$"i 
of chert at top: Trlgonia glMo.srl. 

FT. FT. Il'. 

3. Chalky limestones obliquely bedded, ~ 
with A 111111011 Ite,' l!l},leJ', Plwroto- ( 
11/(/ ria rll[Ja ta, O,<trf«( e,l'}Ja ns((, j 
Pe('tell lal/lellosus. 10 to 13 0 

2. Buff and greenish, glauconitic sandy 
lime8tone - 2 to 4 0 

I. Compact and yery shelly limestone, 
pa,;,;ing down into sandy lime"tolle 
(,[uarried for free"tone) 4 to 5 0 

:-:owerh.I', ~fin. Con., vol. ii., ISIS, p. 58. 
t Fitton. Trans. Gcol. Soc., ser. :2, yol. iv., p. 233. 
::: ::;ee also Fitton, Trans. Geol. Soc., ser. 2, yoJ. iy., p. 253; and Hudleston, 

1'1"0'" (:eol. :\',oc., vol. vii" p, I7;~. 
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A quarry south of Tisbury Station ~fforded eVIdence of the 
variable nature of the beds. ThE' sectIOn was as follows (see 
Fig. 13):-

FT. FT IN. 

5. Rubbly stone and marl with seam 
o to 4 0 of clay - - - - - -

,. Sh,lly lim~tooo (Il=.h) with I 
Trigonia incurva. 

UPra:r 3. Impure shelly and tufaceous lime-
4 to 5 0 Port and stone - - - - -

Bed8. 2. Corn pact, but rotten chalky limestone, 
much shattered, with Gasteropods 3 to -1 0 

1. Greenish glauconitic sandy lime-
i stone with lenticular seams of oolitic , 

chert: three layers Been - 10 to 12 0 

FIG. 13. Bedsofgreenish sandstone, 
QIUU'1'y south of Tisbury, TViltshil'e. that become paler when dry, 

s-~--·T:.~~·~~~~ ~~"7_ ~~e f~~f i~: ~~~;~y ~e:!~~; 
4- j' /, !, ~ I:,' ..... ; f Tisbury and Newtown. 

,~J~'" !I t: d -:-.! • 
- 11 -- ~--- Specimens of Trigonia are 

3 :'i. ~,( ~. ~,c /. J,j;," ,'I., k /~'. aoundant on some of the 
~ ':'.'\ ';..\:: .. -.{!.-/ :,i~-~:' ~lr~'f~ :}~. blocks. Formerly much stone 

,,// / ...• ':f ,. . '. ' ----,. was obtained at Lower 
- 'Y,/ I -'., \ .///h· '1''''''~ I " - ,~~ --, 7:':: .;&'i::' r4!:;;'-',/'" '. Lawn and extensive old 

I /-(,~/.,::'·"'1- .. ,/·-;';~t'; ! b h 
,,~: J\ ~,'1 'i/'! ;//71/, J/'{,/,'4: '.' ; quarnes are to e seen t ere . 

• '/, . .f '. "I ,,' , /,,/. . L k' 11 h 
'i,~/'/;;I, '/':"&". l(r/{ ;:';"'~"'''''' 00 mg genera Ly at t e 
~-jt!-::r '''-f~::='<r.zS·; ';~ v~riations exhi~ited in the 
:...;,.;>~=:..e:;/Y=.. ..:-""";~~~l. dIfferent quarrIes, to the 

attenuation and local absence of beds that may be classed with 
the Upper Building Stones, Mr. Hudleston remarked there was 
evidence of discordance between the PurbecK. and Portland Beds 
in the Vale of \Vardour.* 

No doubt there are abrupt changes here and there between 
the formations, as thE:re sometimes are between individual beds 
in the Portland· series. There is, however, no discordance such 
as would imply upheaval and denudation _of the strata, The 
phenomena may be attributed in part to contemporaneous 
erosion, in part to the attenuation and local deposition of certain 
sediments; while,again, the variations in the lithological characters 
of different layers serve to render the results of minu te correlation 
very difficult and uncertain. 

Tisbury has been long famous as the locality for the Star 
Coral, Isctst1'a3a oblonga., which occurs in the Portland chert, and 
polished specimens of which are to be found in most collections. 

The exact position of the bed yielding this IC Siliceous 
Madrepore" has been a matter of some doubt. It was described 
in 1729 by John Woodward as the" Starr'd Agate." He says: 
., This wag found, amongst several others, lying on Floors, like the 

*' Hudleston, Proc. Geol. Assoc., vol. vii., pp. 170, 173, 174. See also J. F. 
Blake, Quart. Journ. Geol. Soc., vol. xxxi., p. 191. 
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common black Flints, amongst Chalk; * * * Underneath 
these Floors of starred Flints lay Strata of Sand stone in a 
Qnarry in Tisbw'Y Parish."* • , 

This position in the Chalky Series agrees with that assigned 
to it by the Rev. 'V. R. Andrews, who has found the fossil above 
the Ragstones at N ~wtown, Tisbury, :;\lost of the specimens have, 
however, been obtamed from ploughed fields to the north-west of 
Tisbury. The horizon also agrees with that noticed by Miss 
Benett, who states that the Coral was found above the Portland 
rock (i.e., building-stone), in a well sunk at Burton's Cottao-e, 
near the Inn, at Fonthill Giffard; the same authority recorded the 
following section of a well at Bntcher's Knap(ficld), Tisbury :-t 

Rubble of Portland Beds -
Siliceous ~Iadrepore 
Portland Beds -

(Water.) 

FT. IN. 
10 0 

1 0 
42 0 

[In the course of the new Geological Survey (in 1900) several 
specimens of this silicified coral were discovered in place in the 
lane which runs westward from the main road half a mile north
west of Tisbury village. They occur imbedded in chalky lime
stone at its junction with the hard cherty limestone, worked 
in the quarry just below. The eorals are in their position of 
growth,-C.R. ] 

Fitton mentions the finding of A rnrnonite8 biplex in chalcedonic 
flint, and states that many specimens of the Tisbury Coral had 
been obtained from "a continuous bed of" flint, about 2 inches 
thick," exposed in one of the quarries formerly ,vorked to the 
south of Fonthill Giffard.t It has been found also at Chilmark. 

In a eutting on the road-side between Tisbury and vVardour, 
near Hazelton, and in other sections, Mr. Hudleston noted the 
following beds beneath the Blain building-stone :-§ 

FT. IN. 

Upper 
Portland 

Beds. 

2. Greenish concretionary limestone { 
3. Loose sands with doggers - - 7 0 

grit, with occasional lydite; 
• originally a Trigonia-hed - 3 0 

Lower ( 
Portland - 1. Loamy sands and clays 

Beds. l 
- 21 o 

From the hard band (:.n he records the following speOles :-
Natica elegans. I Mytilus jurensis. 
Avicnla cl'ednel'iana. Pecten lamellosus. 
CardiulIl (lissimile. I Perna Bouchardi. 
Exogyra hrnutrntaua. Trigonia gibbosa. 

Prof. Blake, who first noted these beds, identifies the Tl'igoll ia 
as T. Fellati·.11 The fiullla, as remarked by Mr. Hmlleston, seems 

., Nat. Hist.. Fo,sih; of EngblHl, Tome If., p. 77. 
'1 Cat. Org. Rem. 'Yilb, p. h'. ; see abo Hlulleston, Proc. Ceol. Asso!'., \'ul. 

\'ii., p. lG7. 
t Trall~. Ceol. So('., ReI". 2, \"01. i\'., p. 25.>. 
§ I'm(', (;eo\. A~so(·., \"o\. \'ii, p. 172. 

(/nart. Joni'll. (~eol. So('., \"01. xxx\"i., p. 202. 
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very little different fi·om that of the building-stones: "It is what 
one would call an average Portland stone fauna of the large type, 
somewhat modified." 

The occurrence of the bed with lydites is interesting, as we 
find other such pebbly laYers when we trace the beds over the 
exposures onwards to Buckinghamshire, and the horizon seems 
to be fairly constant. [These beds are probably the source from 
which are derived the similar pebbles found at the base of the 
Lower Greensand and Ganlt, and described in Chapters VI. 
and YII.] 



IG THE !1EOLO(:Y OF S.\f,ISBUI(L 

CHAPTER IY. 

penBECK BEDS.* 

The Purbeck Bcds comprise a series of clays and shales with 
" Beef," marls, marly, tufaceous, and shelly limcst!lnes, and occa
sionally of granular oolitic bcds, and sandy strata. In thickness 
the series varies from about kO or 90 feet in ,Viltshire to nearly 
400 feet in Dorsetshire. 

The term" Beef" applied by workmen to the scams of fibrous 
carbonate of lime, was so gi'.'en from "the resemblance of its 
small and parallel fibres to the fibres of animal muscle."t It often 
presents a cone-like structure, similar to that known as "cone-in-

"t cone. t 

Pseudomorphous crystals of rock-salt were noticed by H. \V 
Bristow in the Lower Purbeck Beds of Dllrlst0n Bay and 
Lulworth Cove; and similar pseudomorphs have been observed 
in the Vale of 'Vardour. § Gypsum sometimes occurs, and here 
and there we find nodules of chert. 

N odllles of chert occur in the Lower and Middle Purbeck 
Beels of the Vale of 'Yardour. A specimen of chert or flint from 
the lower part of the Purbeck Beds in Chilmark quarry, in the 
Yale of ,YardolU', was examined by ~Ir. 'Y. H. Hudles'ton, who 
observed that it showed portions of marly limestone partially 
silicified, sealed together ,,·ith purer chalcedony. The rock con
tained oolitic granules, a fragment of shell, and valves of Cypris: 
some of the oolitic granules of characteristic type were immersed 
in lllore or less pure chalcedony. I I Hence the flint resulted frolll 
the silicification of calcareous matter. Another specimen of 
oolitic chert from Chilmark, examined by Mr. Teall, showed the 
oolitic grains to be partially silicified, the inner portions of the 
grains being calcareous. 

The Purbeck Beds in most places rest comformably on the 
Portland Beds, and are oyerlaid conformably by the Wealdell 
strata. 

The junction with the ,YeaMen Beds shows rt much more 
gT,ulnal passage than that between the Purbeck and Portland 
Beds, and yet ~n the whole, as remarked by Sedgwick, the general 
lithological chnl'11cters of the Purbeck Beds seem to unite them 
more closely with the stom' Portland Beds. 

:Mnn~' authorities followillg ,Vebster and Fitton, amongst whom 
nre Godwin-Anstcn,Oppel, and Ramsay,gronped the Purbeck Beds 

" By H. B. 'Yoodward, with additions, in square brackets, Ly Clement Reid. 
I Bucklaud and De la Beche, Trans. Geol. Soc., ser. 2, vol. iv., p. II. 

::: See Memoir on the Lias of England and 'Vales, p. 308. 
~ Andrews and Jukes-Browne, Quart. .Tourn. Ceo\. Soc., vol. I., p. 52. 

Pnw. Ueo1. As~oc., \'01. "ii. p. lSI, and Plate T., Fig. I. 
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with the 'Wealden, for paheontologically, by reason of their fresh
water famm, they are more intimately connected with that 
formation.* 

Ed ward Forbe8, who made it study of the Purbeck Beds in 1849 
and 1850 in company with Bristow, did not recognize any passage 
from the Portlanu into the Purbeck Reels in the Isle of Purbeck, 
and observed that the top beds of the Portland series were 
marine, the lowermost Purbeck Beds purely freshwater. At the 
f'allle time he concluded that the Purbeck Beds were connected 
with the Oolitic group rather than with the Cretaceous, and he 
was evidently influellced by his discoyery of the Echinoderm 
Hemicidaris pl~I'bec/.;ensis, which he found in a layer above the 
Cinder Bed (with Ostl'CC& clistorta).t The same view is taken by 
De Loriol, and also by Coquand, Contejean, and others; while 
the more recent researches of Paylow and others, on the marine 
equivalents of the Purbeck Beds, tend to show that their 
affinities are rather with the Jurassic than with the Cretaceous 
system. 

v On the whole it m,lV be said that the marine fossils allv the 
Purbeck Beds with the Portland strata, and the freshwater fossils 
link them with the \Vealden Beds. The vertebrate as well as the 
invertebrate relllains haye Jurassic as well as 'Wealden affinities.t 

He1nicidal'is pnl'beckensis occurs in the zone of A ?nmunites 
gigas, Lower Portlandian, of Boulogne-sur-l\Ier. 

The Purbeck Beds mark changing conditions; freshwater 
limestones, botryoidal and tufaceous in character, like beds of 
travertine, are succeeded in places by evidences of land vegetation 
in the now silicified remains of Cycads and Conifers. The Lower 
Purbeck Beds indicate freshwa'ter and terrestrial conditions, 
which may have been marked by a lake or series of lagoons, for 
they were attended locally by the deposition of gypSUlIl. Sub
sequently an irruption of the sea in l\1iddle Purbeck times allowed 
the incursion of marine forms like the Pecten, Thmcia, TI'igoniu, 
A vi('(~la, and Hemiciclw·is. These were succeeded by a gradual 
change from brackish to freshwater conditions in Upper Purbeck 
times, when the Unio, Linmwu, Phys(~, Val'L'ata, Paluclin(&, and 
Planol'bi.s flourished. The freshwater Purbeck Beds were 
succeeded gradually by the great accumulations of \Vealden 
strata formed by river agency, but whether distributed over the 
bottom of a huge lake, or as a delta deposit, is a somewhat 
debatable subject. 

Godwin-Austen remarked that "the changes in the Purbeck 
series are readily accounted for by reference to areas of water 

* Fitton, Trans. Geol. Soc., ser. 2, vol. iv. p. 159; \\'ebster, Ibid., vol. ii. 
pp. 40, 44, and Ann. Phil., vol. xxv. p. 47; Mantell, G€OI. Isle of \Vight, ed. 3 
1854, Table, p. 42; Marcou, Geologist, 1859, p. 1; Dr. C. Struckmann. Geol: 
Mag., 1831, p. 556. See also A. Strahan, Geology of the Isle of Purbeck and 
'Veymouth, Geol. Survey, 1898, p. 72. 

t Forbes, Decade Ill., Geo!. Smvey, Plate Y. ; and Rep. Brit. Assoc. for 1850 
p. 80; 1'. de Loriol ,l,nd A. Jaccard, Mem. Soc. Phys. Hist. Nat. Geneve vol: 
xviii. p. 112. ' 

t Lydekker, Quart. Journ. Ceo!. Soo., vo!' xlvi. p. 49. See also Judd Rep. 
Brit. Assoc. for 1870, p. 77; and A S. 'Woodward, Proc. Zool. Soc.,' 1890, 
p. a·Hi. 

G152. C 
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such as occur on the American coast at present, and which may 
be salt or brackish, aeeording to the extent to which the sea
waters are excluded by sand-bars from mixin~ with the fresh 
waters flowing from the land."* Indeed" Forbes, in his early 
account of the Purbeck Beds, indicates nine or ten alternations 
of freshwater, brackish water, and marine conditions in the 
Purbeck Beds; and remarks that they are not marked by any 
striking physical characters or "mineral changes.t Brackish 
water conditions were indicated by the occurrence of aOl'bul(~, 
0Yl'ena, Cc~}'(linm, l1Ielcmopsis, and Rissoa, and perhaps by the 
0stl'W cl istol'fct. 

The Pnrbeck Beds have yielded an exceedingly varied series 
of fossils. Perhaps of the highest interest are the Mammals, 
which at present have been obtained only from the base of the 
1Iiddle Purbeck Beds of Durlston Bay-in a thin earthy or 
"Dirt" layer. 

All10ng the fossils from the Purbeck Beds the Saurian remains 
are im pOl'tan t. The Dinosaurs include I fJ na n odon and Ntdhetes; 
then we have the" Swanage Crocodile," Gon iopholis cr(~ssidtns, 
and the dwarf Crocodiles known as ,NaH1wslwhns and 
l'hel'iosnclws. Owen estimates the average length of a mature 
l'he!'io8llclws at eighteen inches. Turtles have been obtained 
mostly from the quarrymen, as they occur in the stone-beds: 
they include Tl'etostcnl/tm, Plel(l'ostannm concinn1~m, P. 
Bullocki, and Chelolii' obumta. The Fishes include AstelYt
('(wtlws I'Cl'l'I(COSns, CutIU'US, Ooccolepi8, Hybodns, Lepidotu8, 
J[((crosemins, Ophiopsis, and Plenl'Oplwlis, and they are 
mostly fuunel in the stone - beds worked at the quarries. 
Specimens occur at various horizons in the Purbeck Beds, and 
some of the best preserved examples have been obtained from 
the neighbourhood of Tefiont Evias, in the Vale of 'Vardour. 

It w~s the intention of Ed ward Forbes to publish an account 
of the Invertebrata of the Purbeck Beds of Dorsetshire; and he 
had assigned names to a number of new species of Mollusca, 
which he ,nts the first to discover.! Some of these have been 
figured in Lowry'S Chart of Characteristic British Fossils, and 
others in works published on the Continent. They all belong to 
living genera, alld, taken by themselves, possess a Tertiary or 
even recent aspect, Reference has all'e,ldy been made ~o the 
principal genera of ~Iulll1sca fonnd in the Purbeck Beds, but It may 
be mentioned that Mr. C,uTuthcrs has described, under the name 
l'cndop:,;i8 BI'odiei, [1, cuttle-bone from these strata in Dorset.§ 

Insects nrc reprcscnte(l Yery fully by relllains l'efen:ed to 
Coleoptem, Ol'thoptera, Diptem, Neul'opter1t, and HemIptera. 

,', Rep. Brit. .\.ssoc. for lR72, ~fctiollS, pp. 92, \l3. See '11so Meyer, Quart. 
JonI'n. {{eo!. Soc., yol. xX\'iii" p. ::!44; and Ramsay, Address to Geol. Soc., 
ISG4, p. 32; and Physical (+cology ,tud Geography of G-reat Brit.tin, ed. 6, 1894. 

t Rep. Brit. _\S80C. for 1850, p. S 1. . 
::: 8um8 60'1Ires of Purbeck fossils will be found in the wOl'ks of FItton, Trans. 

l+eol. Soc.,'" scr. 2, yol. iv. Plates XXL 'tnd XXII.; Mantell's Geological 
Ewursions round the Isle of 'right, ed. 3; ana lhmon's Supp. to the Geology 
of "-eYlllouth, &c .. cd. 3, ISSS. 

§ 1~;IiU(. JOllnl, lieul Soc., vol. xx\'ii. p. ,US. 
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F IG. 14. 
FIG. 17. 

FIG. 18. 

FIG. 19. 

FIG. 22. 

FIG. 23. 

, 
FIG. 24. 

14. Melanopsis harpreformis, FIG. 
Dunk. 

" 15. Physa Bristovii, Forbes. 
16. Paludina elongata, Sow. 

" 17. --- carinifera, Sow. 
" 18. Corbula alata, J. Sow. 

19. Cyrena media, J. Sow. 
20. Ostrea distort-a, J. Sow. 
21. Unio sp. 
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FIG. 15. FIG. 16. 

FIG. 20. 

FIG . 21. 

FIG. 26. 

FIG. 25. 

(J 
22. U nio valdensis, lrfant. ! . 
23. Cyprid ea puncta ta, 

Forbes. V. 
24. - - granulosa, Sow. ~t. 
25. Cypris purbcckensis, 

Fm·bes. ~lf!. 
26. Archreoniscus Brodiei, 

lIf. Ed1V. 

c 2 
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At Dmlston the Insect-remains occur most abundantly in the 
Lower l'mbeck Beels: elsewhere they are found in Middle Pur
beck strata. 

Among Crustacea, the Isopod, A"clw;uni8cwi (Fig. 26) occms 
in profusIOn ill the "JIiddle Purbeck Beds in the Vale of 'V ardour. 
It has been obtained, howeYer, ill the Lower Pnrbeck Beds ot 
\Viltshire and Dorset. Among' the Ostracods it is found that 
Cypris pnl'bccke1U:Jis (Fig. 25), CandoJlI( ansatc(, and C, 
bononicnsis are most abundant and characteristic in the Lower 
Purbeck Beds; Cypl'icZea gmJl ulosa (Fig. 24) in the Middle 
Purbeck; and C. punctata (Fig. 23) in the -Upper Purbeck. 

Here and there at various horizons in the Middle and Lower 
Purbeck Beds a number of "Dirt Beds" occm. The name has 
been applied to layers of carbonaceous clay or shale, but it 
originated in Portland Island, where the Great Dirt Bed which 
occurs near the base of the Lower Purbeck Beds is especially 
noted for the silicified remains of Cycads and Coniferous trees 
which it has yielded, There great "Burl'S" of siliceous and 
calcareous (tufaceous) material have been accumulated around 
the old tree stumps. Some of the more characteristic fossils of 
the Purbeck stratrt are figurecl on p. 19. 

In the Vale of \ VardonI' the Purbeck Beds are well shown in 
many quarries and cuttings, but we hrtve no continuous section 
to enable us to estimate the full thickness with accuracy, The 
beds haye been described by Fitton, Brodie, 0. Fisher, J, F. 
Blake, Hudleston, ,v. R. Alllll'ews, and A, J, Jukes-Browne. 

The general succession of strata app9ars to be as follows:-
FT. IN. 

ti (Shell-marls, clay~ ~tnd marls, with 
0..- "beef," and sandy layers with 5 l bands of calcareous sandstone 20 0 
, {~Iarls and sandy rocks, with 
~ r " beef," limestone with 

Purbeck :;:; "I A)'chceon£scns, Cinder Bed, and 
B d ;:;:: l other calcareous bands - 12 0 

e s. fLimestones and shales (" Lias," 
...: &c.) - - - - - 18 0 
~ lLimestone, clay, and oolitic beds 15 0 
o Fissile limestone~, tufaceous beds 
H and dirt - beds, with chert 

nodules, &c. - - - -

85 0 

It is difficult to mark any divisional planes to correspond 
with the Lower, Middle, and Upper Purbeck divisions of the 
Dorset Coast, The occurrence of Ost?'ca distOTtC( was noticed by 
Fitton, but the presence of an oyster bed equivalent to the 
Cinder Bed of Durlston Bay was first recognised by the 
Rey, 0, Fishel'. * The presence of Upper Purbeck Beds was 
generally questioned until, in 1894, Messrs" A~d!~ws and 
Jukes-Browne described beds that belong to tIllS dlvlslOn; but 
they inclndecl as Purbeck, strata here re~~ed as W ealden·t __ 

Qua,l't. J OUl'll. Geo!. Soc., yoJ. x. p, 477. t Ibid, ,-oJ. I. p. 59. 
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The lowest Purbeck Beds are exposed in the great quarries of 
the Chilmark ravine.* A pit on the north-east side showed the 
following beds :-

FIG. 27.-Section at Chilllutrl,:, in the Vale of 
Wardonr. (H. B. WOODWARD.) 

9. Flaggy limestone and marly FT. IN. 
clay 

8. Dirt Bed. 1 ft. to 18 ins. 
thick, like the Great Dirt 
Bed of Portland, a car
bonaceous clay with re-

.{j mains of Cycads, and with 
~ rounded lumps of lime-
.!<i stone and decomposed 8 0 to 10 0 

-:- ~-::D ~= . '" chert 
- --'~'- ~ 15 7. White marly rock and clay 

, ... : -:..~".~__ 3 ~ of irregular thickness 
J _ • _) _ _ .~ _ ... 6. Dirt Bed, marly and carbon-
' " ,,_ ., ;:-: - . )- ~ aceous clay with stones -

. -;, \ 2. j fl. Ma:~i:th~lirme~~~neirregular 
\ '. \ 4. Tufaceous and granular 

'l-",.---"':'--'-::;" oolitic stone, irregular . 

, 
I. ) , 

~""'----.;-L 

I 
\ 

,~ ) 

1(, .. ' 
r,',. , 

3. Earthy tufaceous limestone 
with chert seams, passing 

, J2. 
~ 1. 

~l 

down into pale fissile and 
earthy limestone -

Buff oolitic stone, forming 
roof-bed of mine, with 
marly band at base: 
Cel'ithiurn, Cythel·ea. 

Buff compact oolitic, and in 
places rather sandy lime
stones. (Upper Building 
Stones.) Seen to depth 
of 12 feet, the lowest bed 
containing chert 

6 0 

a 0 

Messrs. Andrews and Jukes-Browne record J.Vlantellict (Cycade
oidea) ?nicrophylla; and in the layer above noticed as the upper 
Dirt Bed, they observed an upright and rooted stump of a tree, 
the stem standing about 6 feet high. 

The L~wer Purbeck Beds were observed by Fitton in some of 
the old quarries at Upper Chicksgrove. The details of the strata 
vary considerably from place to place, even in one quarry, as at 
Wockley. There the general section noted in 1885 was as 
follows:-

Lower 
Purbeck Beds. 

14. 

f
13. 

12. 

111. 
10. 

9. 
8. 

F'r. IN. 
Loamy soil - 0 6 to 1 0 
Fissile limestones, some. oolitic; and 

marls and clays with layers of sandy 
limestone and sand: about - 8 0 

Hard marly limestone - - 0 8 
Banded limestones and marls - 2 0 
Dark clays - 1 0 
Sandy limestone - 0 9 
Earthy marl with irregular (1 concre-

tionary) masses of stone - - 3 0 

* See also J. F. Blake, Quart. Journ. Geol. Soc., vol. xxxvi. p. 21)0; and 
Andrews and Jukes·Browne, Ibid, vol. 1. p.48. 
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FT IN. 
Lower r 7. Fissile limestones - 2 0 to 3 0 

Purbeck Beds. ) 6_. Dark shaly clay, much squeezed up in 
( places. 

J a. Compact limestones - - 2 0 
4. Roachy bed with chert at top. Upper 

Portland Beds. 
(See p. 12.) 

3. Chalky limestones. 
'I 2. Sandy limestone. 
l 1. Shelly and sandy limestone. 

The Purbeck Beds resemble in some respects the lower beds of 
Lulworth Cove and Worbarrow. They undulate, and are much 
broken up in places. Bed No.6, which was best shown in the 
northern part of the pit, may represent one of the Dirt Beds, while 
Bed 8 reminds one of the Soft Burr and Bacon Tier of Portland. 

Messrs. Andrews and Jukes-Browne* figure a curious disturb
ance in the beds, but we saw nothing so striking as they have 
represented (in a s~ightly diagrammatic manner), either in 1885 
or on subsequent VISItS. 

In the Museum of Practical Geology there 
FIG. 28. is a " Large Block of Limestone, showing the 

Section at Junction between the Portland and Purbeck 
lYockley, near formations from Oakley [Wockley] Quarry, 

Tisb1~1'Y, near Tisbury." It was thus described by 
H. B. W OODW ARD. H. W. Bristow: "In the quarry from which 

the specimen was taken, the uppermost bed 
of Portland Stone is harder than the chalky 
limestone upon which it reposes, and is 
crowded with marine shells common to the 
formation, viz., 'J'1>igonia, Ca1>dium dissimile 
OstraL, &c. Immediately above this stratum 
is a bed of hard, grey, bituminous limestone 
the uppcr foot of which is fissile and used for 
flagstones. In the specimen, as in the quarry, 
the exact line of junction between the shelly 
bed and the fissile lImestone is scarcely dis
tinguishable to the eye, but when broken by a 
heavy blow the Portland Stone and the Pur
beck split off from each other at the junction, 
along a smooth and even surface. The line of 
demarcation between the two strata is crowded 
with fish."t 

:->- -~ '.t. : '_;' _ • . :-

:~~ 
~~if~. 

In their section at W ockley Messrs. Andrews 
and Jukes-Browne group with the Portland 
Stone the hard flaggy limestone that we have 
included at the base of the Purbeck Beds. 
They state that the flaggy and shelly portions 
"are firmly welded together, and would yield 
a slab like that at the Museum of Practical 
Geology, in which Portland shells are visible 
in the lower and Cyprids in the upper part, 
but these Cyprids are not freshwater species, 
being, in fact, Candona ansata and C. bono
niensis (which are estuarine forms). From 

* Quart. Journ. Geol. Soc., vol. 1. pp. 49, 52. 
t Catalogue of Rock Specimens, ed. 3, p. 139. 
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the Baggy portion two species of fish haye been obtained 
(Ophiopsis b)'eviceps amI O. ]l1'17/icillatus) and also a large 
species of A l'clu/'oniscn.s." Furthermore, they obtained ii' om 
the beds aboye, Cundona U)l8Utl(, Cypridc(f, UYP1,is, C([l'cli1W1 
and COl,bnla (/ l([t({. * 

To be consistent, howeyer, we must continue to regard the old 
plane of diyision as the best, and going again to the district with 
1\11'. Strahan no dithculty was found in determining this junction 
in the quarries nem' Tisburv and Chilmark. The eyiclence of the 
fossils shows that the chmig'e of conditions ~was not so marked as 
in other localities where freshwater beds m-erlie those of a marine 
character. Here we have estwuine beds oyerlying marine beds, 
while in other places in the Vale of \Yardour the" Cyrena-beds" 
of the. Upper Portland Beds have been regarded as of a semi
estuarme character. (See p. 5.) 

An interesting sectiml to the south-east of Ridge has been 
noted by Messrs. Andrews and .T ukes-Browne as fo11ows :-t 

Lower 
Purbeck 
Beds. 

Dark brom1 soil 
'IVeathered marls tone or " lias" 
Buff-coloured marl, with seams of grey 

clay 
Soft fine-grained, marly oolite, a 

mixture of oolitic particles with 
triturated shells, cyprids, &c.; with 
thin layers of harder compact marl
stone in the lower part 

Soft yellowish calcareous oolitic sand 
Very hard limestone, consisting of shelly 

layers alternating with seams of com
pact marls tone 

Soft marl with yellowish oolitic stone 
Hard grey shelly limestone 
Oolitic stone with layers of marl 
Soft calcareous stone passing down into 

hard limestone with pseudomorphous 
crystals of rock-salt: C01'uula alata, 
Pe1'na,Cardiurn, .N1lculana,Sel'[J1ila,&c. 

Grey laminated marl- - -
Bufl' madstone 

FT. IN. 
1 0 
1 0 

o 6 

2 3 
o [) 

o 10 
;3 2 
2 4 
3 3 

3 3 
1 0 
3 0 

22 4 

To the west of Ridge the basement-bed exposed at the 
outcrop is a tufaceous limestone with large masses of wood. 
Many blocks of this limestone are ploughed up; but no section 
is now visible in it. 

To the south-" cst of Tetlont Evias Church therc is a long 
cxcnyation in the Purbeck stone-beds which present a gener~l 
resemhlance to Lower Lias limestones, and many beds are known 

* Qua.rt. Journ. l;eol. Soc., vol. 1. p. 51. See also Fitton, Trans. (;eol. Soc., 
ser. 2, vol. iv. p. 253. 

t Quart. Journ. Geol. Soc., vol. 1, p. 52. 
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to the quarrymen as" Lias." The best section is near the Lime
kiln at the northern end of the workings; this was noted as 
follows :-

ilIiddle 
Purbeck 

Beds. 

Lower 
Purbeck 

Bech 

Brashy soil, brown ~alldy loam. 

( Cherty layer with many bivalves 
[ Cyclas]. 

i CI~mER BED: hard greyish brO"lm lime
, stone, much broken up; Osh'ea 

distol"ta, [l'l'igonia allied to gibbosa, 
and spine cf Hemicidr/ris] - -

Clay and rubble -
Hard grey lime~tone with dendritic 

\ markings-
I Grey shelly lime~tone~, :;lJlitting up ir
" regularly; the bottom bed called 

WHITE BED (6 ins. to 1 ft.) [Chelonian 
bones, Hybodlls, CypridesJ - -

Shaly limestone, with curious concre
tionary projections from base of 
'White Bed, 1yhich disturb this 
stratulll [JIocliolrl] 

i Pale grey rubbly marls-
, White Limestones [Lias K o. 1] 
Sandy marl and clay [JIesodon, Estheria 

and Cyprides] -
,Sandy shell-limestone BLUE ROCK [or 

FLAGSTO:NE]; blue-hearted stone, 
weathering buff, with bro",n ferru
ginous base called SCALE, showing 

\1 tridactyl markings on under surface. 
I Cyrena [Fish-remains] - - -

I 
Clays and Shales with Cy}Jl"iclea gm nu-

losa, [Cypris purbeckensis] -l Hard white marl - I f 
Soft marl - - _Jl [Lias No.2] l 
Hard marly limestone-
Soft white marl - - - -
'Hard white marly limestone [Lias No.3] 

FT. IN. 

1 
o 

1 

2 

o 
o 
1 

o 

2 

1 
1 
1 
1 
1 
1 

o 
8 

2 

3 

6 
4 
6 

4 

3 

o 
3 
o 
3 
3 
3 

The above section has been described in more detail by Messrs. 
Andrews and Jukes-Browne, and we have added in square brackets 
some of the fossils recorded by them. They had an excavation 
made below the floor of the quarry, and their observations showed 
that the lowest bed of" Lias" (No.3) above noted, was 3ft. 6in. 
thick, and beneath were nearly 8 feet of marls and marly lime
stones. 

From the Lower Purbeck Beds, and especially from the bands 
of" Lias," l\Ir. Andrews has obtained many fish-remains, includ
ing CCdI1,1'US, Coccolepis, Leptolepis, and Plewmpholis. Many of 
these are very beautifully preserved, but all are diminutive when 
compared with the Purbeck fishes of Dorsetshire. * 

The Purbeck stone-beds, comparable with those of Teffont 
Evias, have also been quarried for road-metal and building-stone 
on the south of Lower Chicksgrove. There is a band of hard 
--------------------------------------------------

;, Quart. Jonrn. Geol. Soc., vol. I. p. 53; and A. Smith vVoodward, Geol. 
Mag., 189.;, p. 143. 



O'te" limestone like the Swanao'e stone and compact smooth-o .1' b' 
grained limestone termed" Lias" (2 feet thick). These beds over-
lie shelly limestones and marls, with decomposed. shelly layers 
and "beef'!: with PuZudiJlu Hnd },]odiula. The Cmder Bed, as 
noticed by· Messrs. Andrews and Jukes-Browne, occurs above 
these beds, and is surmounted by a marly oolitic limestone, and 
by clays with " beef," &c. * 

Higher 11 p occurs the Isopod Limestone discovered by the Hev. 
P. B. Brodie,t a band containing A l'c1iceon iSCHS Emeliei in multi
tudes here a~ld there, altllOugh the stone may in places be split 
up without any specimcns being obseryed. This fossil occurs 
also at other horizons, but the particular bed above-mentioned 
is a smooth-grained limestone that may be readily identified in 
the neighbourhood of Dinton. 

About a mile west of Dinton Station, and extending north
westwards along the scarp into Teffont Park, there arc traces of 
old stone-pits. Some of these Inust be at or near the spot where 
Fitton noted his section at Dallard's Farm. This showed about 
12 feet of slaty stone and clay with OstI'C(( distort(t, Modiola, 
OOi'uulct (data, and Cyprides. Others are nearer the present line 
of railway, and are those described by the Rev. P. B. Brodie and 
the Rev, O. Fisher. Fitton mentions that on Ladydown, quarries 
have long been worked for the sake of tilestone-a fissile stone, 
yielding 0J/J'eJw and remains of Fishes. t One of these quarries 
is still open. 

Somewhat higher beds probably were opened up at Dashlet, 
on the south side of the N adder, to the north of Fovant, for 
there Fitton noted oolitic particles in the top layer of stone, and 
found Ostrea distOJ,tu, Fish-remi1ins, &c., in a compact limestone 
at the base of the quarry. In these quarries no doubt the stone 
was obtained below the Cinder Bcd. The quarry at Dashlet is now 
overgrown. 

[A good exposure will be found in the stream-bank at the end 
of the wood, south-east of Teffont Mill. It shows:-

FT, IN, 
Alternations of white clay and white earthy limestone - 4 0 
Harder light-coloured limc8tone with carbonaceous matter 

and fish-scales - 0 10 
Whi te marl - 0 4 
Oolitic limestone (at water level) 

This section is difficult of access when the mill is working, and 
as no characteristic fossils could be found, there is some doubt 
as to the exact horizon.] 

Clear sections of the strata from the Cinder Bed up to the 
junction with the ,Vealden Beds have been exposed in the two 
railway-cuttings to the west of Dinton Station. The second 
cutting west was described in detail in 1881 by thc Rev. W. R. 
Andrews, who obtained from the Cinder Bed the new species 
Tl'igonia dens1Iloda. 

* Quart. Journ. Geol. Soc., vol. 1. p. 54. 
t Proc. Geol. 8oc., vol. iii. pp. 1340, 780 ; History of Fossil Insects, pp. 3, 

18, 19; and Quart. Journ. Geol. Soc., vol. x. p. 474. 
::: Trans. GeC!~ .. Soc., ser. 2, vol. iv. pp. 249-251 ; see also Brodie, Proc. 

Geol. Soc., vol. lll. p. 780. 
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.S 

Mr. Amhews, then took Bed 19 as 
the top of the Middle Purbeck Beds, 
believing that they were overlaid 
unconformably by his " Wealden" 
Beds 20." The clear connection with 
the overlying beds was not manifest, 
and when examini~K the sections 
in 1885 I (H. B. w.) noted the 
yarious strata that occurred above 
the Isopod Limestone onwards to 
the white and coloured clays on top 
of the series near Dinton Station. 
These white clays I took to be 
Wealden, and thou~ht they were the 
beds so described by :Mr. Andrews. 
The bed of hard eroded marl (19) 
described by him, is identical in 
~haraeter with Bed 27, and this 
caused my misinterpretation of his 
section. 

In the meanwhile Messrs. Andrews 
and Jukes-Browne have given 
further particulars of the strata, and 
have included with the Upper Pur
beck Beds, strata that I regard as 
Wealden.t In the spring of 1894 
Mr. Strahan and I examined the 
area, and were fortunate in finding 
a fresh cutting near Dinton Station, 
the railway having been widened for 
the extension of the siding. We 
were thus enabled to measure all the 
strata from the base of the white 
clays, which we regard as Wealden 
down to the blue clay taken by 
Messrs. Andrews and Jukes-Browne 
as the base of the Upper Purbeck. 
Examining also the second cutting, 
where the Isopod Limestone is well 
shown, we were led to believe that 
that band would be met with a foot 
or two below the lowest bed exposed 
in the first cutting. Getting assist
ance in digging a hole, we were 
successful in finding this well
marked band of limestone No. 13, 
and thereby confirmed our previous 
inference that there was no dis
cOl'dance and no evidence of fault
ing between the two cuttings . 

* Proc. Dorset Nat. Hist. Club, vol. v., 
p. 68; Quart. Journ. Geol. Soc., vol. 
xxxvii., p. 251. 

t Quart. Journ. Gool. Soc., vol. 1., p. 55; 
and H. ll. W., Ibid., p. 71. 
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The following is the section exposed in the railway-cuttings 
west of J>inton railway-station (see also Fig. 29, p. 26):-

FlG. 30. 

(H. B. WOODWARD.) 

FT. IN. 
34. Irregular gravel passing down into 

whitish stony clay 5 0 
33. 'Yhite, grey, and mottimlclay, pass-

ing down into white and ochreolJs 
clay with seam of greenish sand - 3 0 

32. I,aminated yellow ochreous clay and 
sandy seams - - - 2:l 

31. Brown, black, and wbite sand, and 
thin layer of laminated clay 0 6 

30. 'Yhire marl pa,sing down into cl.ay : 
I with Cyprides - 1 4 
• 29. Shelly ('alcareous grit 0 1~ to 0 3 
' -)8 Gritty marl - 0 3 
: 27: White marl with lJlack (carbunace-

ous ?) matter on top 0 4 to 0 8 
: 26. Blue clay - 0 5 
i 25. Bluish-grey calcareous sandstone - 0 3 

24. Marls and clays, with thin bands 
of ., beef," and thin impersistent 
layers of sandstone - 1 9 to 2 6 .z 23. White shell-marl, with thicker 

1l ' bands of " beef" - - 3 0 
;; 2'2. Dark blue clays, with shell-marl, 

H "beef," and ferruginous matter 
6l 26to33 
Q. 21. Blue-hearted shelly and sandy lime-

~ ~i~~:s, li!~ite~lU~!i!~1pa~!d~~a. in 
Brown l"alcareons sandstone. The 

whole passing into sand with 
I ferruginous layer~ - 2 8 
II 20. Yellowish sands and laminated samds 

and clays, passing downwards and 
I laterally into stitl' blue clay 
\ 4 Ot06 0 
/ 19. Hard-jointed white marl, tbe surface 

eroded and the hollows tilled with 
clay (like Bed 27) 0 1 ~ to 1 3 

18. Thin laminated marl, with layers of 

6 
clay and sand, shelly bands and 
"beef"- - . - - --

17. Calcareous sandstone passing into 
sand - - - 1 0 to 1 6 

16 Clay with shelly bands - - 1 3 
15. Brown sandy rock with CY1-ena 0 6 
14. Shell-marl with greenish tinges - 1 0 
13. Smooth-grained grey limestone with 

A rchClloniscus 
12. Sandy shell-marl 
11. Grey marly and ferruginous lime

stones -
10. ·White limestones 

9. Shellyanci sandy limestones. Fish
remains 

8. Shell-marl with" beef" -
7. Cinder Bed: earthy limestone with 

o 3 
o 3 

o 9 
1 3 

o 5 
o 5 

Ostl-ec. dist01'ta 1 3 
6, Marly and sandy layer with "beef " 0 5 
5. Gl'e~ sandy and shelly limestone 

wlth marly seam 1 0 
.. ,!( t 4. White limestone 0 8 
; ] ~ 3. White limestone 0 6 
o ;;~ 2. Marly bed 0 7 
~ H 1. Brown sandy limestone I 0 
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Still lower beds were noted as folloWR. III the adjacent 
quarries, by the Rey. O. Fishel' in 1853 ;-* 

Ribbon c1ay~ and sands, with COID
pressed shells -

FT. Ix. 

1 o 
Hard crystalline limestone, with com

minuted ~hells, C,Iff))'is and Cyrena - 1 6 
Brown sand, full of crushed bivalye~ 

Lower 
Purbeck 

Beds. 

and SerpuhB 
Blue and grey laminated clay with 

lime~tone nodules, thin "beef," and 

Hard grey marly limestone 
Dirt-bed - - - - -
Lamina ted clay and soft and hard 

o 

1 
3 
o 

9 

o 
6 
3 l crushed bivalves - - - -

marls - - - - - 16 
Hard marl with conchoidal fracture 0 8 

These lower beds represent the "Lias" beds, &c., of Teft'ont; 
from the Middle Purbeck the following fossils were obtained ;-

Lepidotus. Cyrena 1 gibbosa 
A yicula clorsetensis. media. 
Cardium. :'Iodiola. 
Corbula. :'Iytilus. 

The "Upper Marls" noted by ~Iessrs. Andrews and J ukes
Browne were proved in the ,,'ell at the cottages north of Dinton 
Station. This ,yell was probably carried down through 'Yealden 
and Purbeck clays to the fossiliferous bed No. 21. The thin 
bands of calcareous sandstone above are, like the thicker beds, 
readily decomposed, and their presence would not have attracted 
the notice of the ,Yell· sinker. The water would have been 
obtained in the sandv beds on this horizon and below. Indeed, 
the same beds yielded water in a shallow well sunk by the old 
railway-siding, and the supply failed when the siding was 
extended. 

In the material thrown out from this well ~Ir. Andrews 
obtained some Fish-scales, also the following fossils;-

Paludina carinifera. I Cypridea (d.) yalden~is. 
C nio. Cyprione Bristovii. 
Cypridea punctata. Darwinula legumin ella. 

The evidence clearly establishes the contention of Messrs. 
Andrews and Jukes-Bi'owne that the Upper Purbeck Beds are 
represented, though I belieye their "Upper lIIarls" are for the 
most part 'Yealden. In his original notes on the Vale of 
"Yardour, the Rev. P. B. Brodie appears to have observed strata 
about as high as No. 23 in the Dinton section. [Since the above 
account was 'Hitten the cutting has again been overgown; 
though a small quarry by the side of the rail still shows the beds 
up to No. 20.] 

The hard marl (No. 19) and also the similar bed (No. 27) 
show eyidence of local dissolution. The former layer, which 
sometimes is 15 inches thick, has almost disappeared in places, 
being reduced to IJ inches. 

* Quart. Journ. Ueol. Soc., yol. x, p. 476; see also Andrews, flJid., vol. 
xxx\'iii, p. 231; Andrews and J ukes·Browne, Ibid., vol. 1, p. 55; and Geol. 
~Iag., lS\)], p. 292. 
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[The mapping of the Yale of Wardour on the six-inch scale in 
1900 strongly supported the view taken in 1895 by Mr. 
\V oodward as to trle relation of" the Purbeck Bells to the strata 
above The thin nlilrls and s;,mrls which form the epper 
Purbeck were found to be continuous and to lie conformably 
underneath the \\' ealden strata. They were traced westwar<l 
for over two miles to Chicksgroye, where they are overlnpped, 
and lost just beyond the point where the ,VeaMen sands 
disappear. Three outliers of Upper Purbeck age were also 
discovered; but there is no sectlOn beyond that seen in the 
railway-cutting at Dinton. The junction of the loamy Upper 
Purbeck with the Middle Purbeck limestones which lie below is 
commonlv marked bv a series of slllall swallow-holes. These are 
formed by the rainw~ter, which runs over and down the loamy 
surface till it reaches a porous rock into which it can sink, at 
the same time dissolvil~g this rock if, as in this case, it happens 
to be soluble. Upwards, the Upper Pnrbeck strata seem every
where to l.lass imperceptibly into the Wealden beds above, the 
only noticeable difference being that the Purbeck consist of 
decalcified marl and sand, and the ,Vealden of clay and sand 
which do not appear ever to have contained much lime. 
Probably both these deposits would appear very different if we 
could see sections which have not 1een subjected to the action 
of percolating water. The soil of the Upper Purbeck outliers is 
a brown sandy marl, unlike the retentive limestone-soil of the 
Middle and Lower Purbeck; but the main outcrop is so domi
nated by higher slopes of Cretaceous rock, that the character of 
the soil is not a satisfactory guide. c.R.] 
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CHAPTER V. 

'WEALDEN, 

The "\Yealden strata, as shown in Figs. 29 and 30, rest con
formably and seem to pass imperceptibly into the Upper Purbeck 
rocks seen in the cutting at Dinton station. Their outcrop 
extends for about three miles to the west to Sutton Row, on the 
south side of the valley, but only to Teffont on the north. The 
strike and dip coincide with those of the Purbeck strata; but 
only the scrike corresponds with that of the Upper Cretaceous 
escarpment further west. The upward tilting towards the north
west, which affects all the Secondary rocks, had already begun in 
Lower Cretaceous times; but it seems to have continued to a 
much later period, probably as late as Miocene. Thus the older 
rocks hnve the higher dip, and various strata of Seconda,ry and 
Tertiary date tend towards the west to rest on the upturned 
edges of older rocks. 

In Dinton railway-cutting only some 10 feet of the lower part 
of the vVe3lden Beds can be examined, and the exact age of these 
deposits is, perha,ps, not quite satisfactorily made out. At the 
cottages 300 yards north-east of this section, however, a well was 
sunk in 1884, and this showed, according to Messrs. Andrews and 
Jukes-BrownB* :-

FT. 
YeHow clay 3 or 4 
.Light-grey silty marl - 11 or 12 
Stiff grey clay 5 or 6 
Very stiff grey and brown clay,; - - about 20 
Hard gritty stone _ a few inches 

This well, according to Mr. 'Woodward, penetrates both '\¥ealden 
and Purbeck strata, the lower part being undoubtedly in Upper 
Purbeck, the upper part probably '\Vealden. The thickness of 
the vVealclen strata at Dinton cannot be much over 30 feet; but 
on the south side of the river, near Sutton Mandeville, it may be 
somewhat greater. The only sections besides those already 
described ,\-ill be found at Panthurst, where a deep cutting shows 
10 feet of blue-black sand, the road above showing Llue clay and 
sa,nd. N ear Sutton Mandeville Mill there are also shallow 
exposures of ferruginous s1Lncl and yellow sandstone. 

Fragments of the peculiar wood known as Endo!)enites e)'osa 
have been found at several points in the Vale of vVardour; bl~t 
this is the only characteristic \Yealden fossil yet recorded. It IS 

too douLtf1l1 a forlll to be of much value for correlation) though 
its presence supports the view that the strata containing it truly 
belong to the '\Vealden period, and are not, as supposed by Messrs. 
Jukes-Browne and Andrews, of Purbeck age. 

* Quart. JOIi I'll. Cicol. Soc., vol. 1. p. 61. (1894) ; and" The Lower Cretaceous 
Series of the '-ale of Wn.rdolll'," Oeol. lIIag. dec. III., vol. vii. p. 292 (1891). 
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CHAPTER VI. 

LOWER GREENSAND. 

The interpretation of the Lower Cretaceous deposits in the 
Yale of \Vardour h[\,s led to some debate; but the detailed 
mapping has now shown clearly that Fitton in 1827 had under
stood the true strncture.* Fitton recognised that between the 
,Vealden Beds and the Gault there occurs a thin deposit of 
greenish sand, very similar in character to the Upper Greensand 
above the Gault, and that this deposit represents the Lower 
Greensand of other districts. The Lower Greensand, however, is 
not shown on the old map of the Geological Survey, the sand 
described by Fitton being considered, apparently, too thin to be 
mapped separately. 

The Lower Greensand of the Vale of ,VardoUl' consists usually 
of 1501' 20 feet of glauconitic sand with rare masses of cherty sand
stone or chert. The only fossils I have noticed in it consist of 
sponge-spicules and of rare moulds of Pecten (Neithe(t) q~tinque
costatus and P. orbicld,ii1,is; both species being common to the 
Upper and Lower Greensand. These fossils were found in loose 
blocks of chert picked up in no ploughed field, and this chert is so 
like one variety found in the U ppel' Greensand that it is impos
sible to be quite certain that any particular specimen may not have 
been washed down from thc hills above. Messrs. Jukes-Browne 
and Andrews, however, record the more characteristic Exogyra 
I:!inuctta from a well at Dinton.t 

Exposures are so nwe in the Lowor Greensand that it will be 
convenient to follow the outcrop westward, first on the north side 
and then on the south side of tho valloy. 

At Dinton a well sunk in 1890 gave Messrs. Jukes· Browne and 
Andrews tho following scction :-

! Yellow, brown, and hlue day (with fos~ils) -

l Sandy rock with a layer of slllall pebbles at the} 
base (fo"sils) - - - -

Gault 

FT. 
21~ 

U} 
Vectian (Brown, grey, and yellow s<1nd~, with IUlllll~ and) 
q,ower layers of ferruginous sandstone(B.l'Om/ra sinuata) J 26~ 
(xreen- 'I Light grey sandy day, hecoming clarker and) ~ 

. sand) l passing down into stiff black day - J I 

They rcmn,rk that" in this woll tho 1aso of the group is evidentlv 
not .reached, but lllost fOl'tnnntoly it is completod by a brook 
sectlOn at Tefiont, which begins ill a black clay exactly like that 
found ~t tho bottom of tho woll. This black clay is about six 
feet tluck, and passos down into it noarly black sand, which has 
a fjreon stre:tk when cut, and consists mainly of dark-groen 
grams of glauconite. 

. " Obsen'ations 011 some of the Ktrata 'Jetween the Chalk and the Oxford Oolite 
In the south, east of England. Trans. Ceo{. Soc. sel'. II., vol. iv. p. 248 (1836). ' 

Ceol. Mng. 1891, p, 293. 
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" U nden~eath thi.s sand are mottled clays, wllich Were recognised 
by lUI:. ,Ylutaker as similar to the' catsbmin' clays ofthe ,Veald 
-theu hnts are yellow and white mottled here and there with 
a rich dnret-cololuecl stain, \Y11ich'i.mparts a special character to 
the ~laYi Below are yellow loamy clays. ,Ye consider these to 
be ot \\ ealden ag'e, and the dark sand to be the base of the 
Vectian; but as'thc section is not clear, and thi.s sand has not 
yet been found elsewhere, we cannot say whether the sand is 
conformable t~ the clay~ or not." I cannot !lelp feeling some 
doubt as to tIns correlatlOn of the clays at Dmton and Teffont 
and should be inclined to refer only the 2Gt feet of sandy beds t~ 
the Lower Greensand. The Gault in the above well will be more 
fully descri.bed in the next chapter. It may be noted, however, 
that its fossils belong to a higher zone than that of Ammonites 
[Acanthoccl'Cls] lnwnmillatns. 

The Greensand first rises above the marsh-level near Dinton 
1\1ill as a coarse-grai.ned glauconitic sand with concretionary 
masses of chert.y sfmdstone, the whole deposit being apparently 
about 20 feet thick. Materi.al of this sort was formerly dug 
oyer a piece of rough ground half a mile west of the Mill; but 
the section is now oyergrown. To the south of Dinton Park 
and Tefiont Magna Mr. Jukes-Browne has been able to follow 
the outcrop as a narrow belt of sandy land, though no section is 
visible. Immediatelv east of Teffont the Lower Greensand 
overlaps the ,Veald811Beds and rests on Upper Purbeck. Three
quarters of a mile farther west it rests on Middle Purbeck 
hmestone, which has been dug close to the sand. At Ridge an 
uprooted tree, growi.ng apparently just at the junction,' brought 
up hard shelly limestone with oolitic grains, belonging to the 
Lower Purbeck. Some overgrown pits immediately south of Ridge 
Pottery arc perhaps referred to by Fitton, who does not app,ear 
himself to have seen this part of the section which he descnbes, 
though he saw the pit in the Gault above and the quarry in the 
Purbeck limestone below. More probably he obtained the 
thickness and character of the Lower Greensand from the well 
which is noted in his section as occurring at the Tile-pits. His 
section gives :-

Gault -
Sand; (perhaps the representative of the Lower green-Sand)} 

said to be like that of the hill-top. "JIasses of a calcareous 
conglomerate in the upper part - - - - -

Purbeck stone. 

FT_ 
75 

15 

I have not seen any calcareous conglome.rate such as Fit~on 
descri.bes; but he probably refers to the .thm peb~l~-bed wInch 
marks the base of the Gault wherever S€ctlOns arc vIs1ble, though 
it is not now exposed at Ridge. . 

Towards Fonthill the Lower Greensand becomes tlnnner and 
thinner, the hlSt point to which it has clearly been. traced in that 
direction beinO' in the neighbourhood of Fontlnll Abbey. In 
this area it is ~ls~lal~y S? > dominated by _higher sl~pes of Upper 
Greensand that It 1S dIfficult to recogmse; but ill some fields 
~\Yest of the Rectory it runs ou as a Spll1', cilpped only by Gault. 
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Here I saw traces of disturbed cherty sand, resting on Portland 
Stone, and found also a specimen of Pecten [Neitheu ] qui n
qllecostatus in chert. The whole deposit does not appear to 
exceed five feet in thickness; though the tendency of the soft 
Gault to slip and flow down slopes no steeper than this, makes 
measurement impossible. The sallle cause prevents the tracing 
of the Lower Greewmnd any brther towards the west; but I 
think the deposit must be actually oyerlapped and cut out by 
the Gault close to Fonthill. 

The south side of the Yale of \VardoUT shows still clearer 
evidence of the presence of the Lower Greensand, and we will 
now follow the ontcrop from Dinton south-\\'estward. Half a 
mile south-west of Dint on )lill blocks of coarse-grained glauconitic 
chmtv sandstone were noticed in Compton \Vood, a few feet 
belo,; the base of the Gault. These correspond closely with the 
material from the opposite side of the yalley, and appear to be 
almost in place, though the soil is full of a slightly different 
chert deriyed from the Upper Greensand slope above. Pieces of 
this glauconitic cherty sandstone are traceable here and there as 
far as the road to Catherine Ford, where is the exposure noted 
by Fitton; we can still see in that road traces of greenish sanel 
between the Gault and the \Vealden. Similar sand and cherty 
sandstone, with exceptionally large grains of glanconite, have 
been mapped by Mr. Jukes-Browne around Fovant, where it 
makes a somewhat wider spread, and at Sutton Mandeville. In 
them, at Panthurst. Fitton discovered a Pecten and the stem of a 
SiphonicL; no section is now to be found, but on the outcrop 
there is a shallow overgrown pit, which was perhaps open in 
Fitton's day. 

\Vest of Sutton Row the l~ower Greensand overlaps the 
\Vealden Beds, and a small pit in coarse sand will be found 
immediately east of Haredene ",Vood. At the north-east comer 
of this wood some of the basement-bed, which here rests on 
ilIiddle Purbeck limestone, is let down into a swallow-hole, in 
the sides of which three feet of coarse-grained greenish sand can 
be seen. North and east of Castle Ditches the Lower Greensand 
rests on )Iiddle Purbeck, and there is some indication of a thin 
pebble-bed at the junction. 

The occurrence of gentler slopes and wider outcrops, and the 
greater distance of the Upper Greensand escarpment, make the 
exposures south of Tisbury more satisfactory than any we have 
-,'et dealt with; for though sections are scarce, abundance of 
Lower Greensand material without mllch admixture of rock from 
the slopes above can be found. If the road from Tisbury to 
Ansty and Swallowclitfe past Wallmead is followed. it will be 
found to cross two spurs of Lower Greensand, one at Totterdale 
Cottage, the other nearer Ansty. Sections are not aood, but the 
nse of the spud and an examination of the ploughecf' fields shows 
that the Cretaceous rocks here rest on the lowest Purbeck Beds, 
that there must be a thin seiLm of quartz and lydite pebbles at 
the base of the Lower Greensand, and that the strata above are 
ferruginous or glauconitic coarse s:tnds and cherty sandstones 

6152 D 
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apparently with SOllle intercalated seams of loam. Above these 
comes another thin pebble-bed in brown loam, forming the base 
of the Gault. In the ploughed fields I found seYeral pieces of 
cherty sandstone with Pecten quinqneco8faitLs and P. orbicnlaris; 
bnt was quite unable to find any characteristic fossils, though a 
large alllount of material was broken up and examined. About a 
quarter of a mile south-east of Totterdale £>trm, a small section 
of the upper beds can be seen, brown sandy loam with numerous 
scattered pebbles (the base of the Gault) o\erlying ten feet of 
glauconitic sand. This section, unfortunately, does not show any 
of the harder fossiliferous rock, which seems to occur principally 
as irregular scattered nodules towards the base of the deposit. 
The total thickness of the Lower Grecnsand around Totterdale 
appears to be nearly 30 feet. To the west of this farm the 
outcrop is easily traced as a belt of saudy land, with loose masses 
of ferruginous sandstone; but no other section is yisible within' 
the area described in this :\Iemoir. Outside our limits a sand
pit in 'Yardour Park shows ;-

Gault {Blue Clay -
Pebbles -

FEET 

10 

Lower Greensand. Coarse gritty sand 10 

The strata in this pit shows a dip slightly to the south of east. 
There still remains for discussion the question of the probable 

age of the Lower Greensand of the Vale of 'Yard our, for its 
extreme thinnesi:<, the occnrrence of a pebble-bed and uncon
formity at its base, and of a pebble-bed and overlap of the Gault 
aboye, do not fayour the idea that we are dealing with an atten
uated representatiYe of the whole of the Lower Greensand. It 
seems far more probable that this thin coarse-p'ained deposit 
represents part only of the Lower Greensand of other districts; 
but what part the evidence found in the Vale of Wardour is 
insufficient yet to show. 

Though in the Vale of IV ardour itself it is difficult. to find 
conclusive eyidence to settle this point, there is a pit near 
Okeford Fitzpaine, about 12 miles to the south-west, which throws 
much lio'ht on the subject. The section and fossils of the lower 
part we~e thus described in 189() lly l\Ir. R. B. ~ewton*;-

lIoplites 
interruptus 

Zone. 

Amntlwcems 
1II(llIIlIIillaillln 

Zone. 

Aptian? 
Kimeridgian. 

Coralli,Ul ? 

FEET. 

Dark-grey colom:ed, micaceous, 3;n.d sand.\' clay\ 
with phosphatic nodules; fOSSIlIferous In the! 1.") 
lower .J feet 

Brown sandy rock, with fossils in the upper l 
part. J 

Aro-illac;;om sandy beds, micaceous, and of a I 
br~wn, grey, or yellowish colour ;. fer ruginous [, 
and oolitic; ~iliceons pebbles mterHpersed; j 
fossiliferou,~. 

4 

Pure sand. 
Stiff blue clay. 
S,tndy rock. 

3 
8 or 10 

" (jeoJ. Mag. 1896, p. 198. 
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From the Ammonites [.Jc((nthoce)·!ls] ])lammillatus .zone he 
records the following fossils :

Acanthoceras mammillatum 
Hoplites Benettianus 
Pleuromya plicata 

In the Ammon ites [HoJllites] 
amongst others the following :--

Cucnlhea carinata 
Ostrea LeYllleriei 
Exogyra sinnata 

intp)')'nptns Zone 

Hoplites interruptus :Jlytilu~ subsimplex 
--- splendens Xucuia pectinata 
Nautilus clementinus Ostrea canaliculata 
Aporrhais carinata Thyaci~ simplex . 
Avelhl11a illfiata Tngoma aheforllll~ 
Solariulll ornatum Trigonia archiaciana 
Cncnlhea carinata - Fittoni 

were found 

In this section a few feet of sandy beds lie between the clayey 
Gault and the Jurassic rocks, exactly as the sandy beds occur in 
the Yale of 'Vardonr; but in the Okeford section both depo~its 
contain characteristic zonal fossils, and we can prove the 
occurrence of the zone of Ammonites 1l1uinmillatw:J below that 
of A ?nmOiI itesi11 tC1·)·Upt·us. 

The lowest fauna discoyered in the Dinton well comes, however, 
not from the sandy beds described in this }Iemoir and mapped 
as Lower Geeensand, but from what I take to be tLe pebbly and 
sandy basement-bed of the Gault above; and this basement-bed 
yields the fauna of the Ammonites intcl'l'uptu8 zone (see p. 38). 
As to this, Mr. Jukes-Browne remarks that, "It will be noticed 
that the basement-beds are here 8 feet 8 inches thick, and it 
might have been expected that they would yield the fauna of the 
zone of Am?nonites nWJlw/,illatus, but this does not seem to be 
the case." * I think, however, that the true zone of Ammonites 
nwmmillatns is probably representec,l by the 26 feet of sandstone 
below, not by the pebbly beds. TIllS sandstone at present has 
only yielded ExofJym sinnata; but further search should produce 
definite evidence. 

As regards the classification of these strata, :Ml'. Jukes-Browne 
remarks that, "It has been customary in England to regard the 
Gault as commencing with clayey beds containing A 1n?)Wll des 
inte)'J'nptus, and to refer all beds below this horizon to the Lower 
Greensand. In France, however, the sands containing A mmo
nite8 1lUl1nmill(/tn8 which underlie the clays with A. l:lltCI'-

1'I~Jlh~8 have always been included in the Gault or Albian of 
d'Orbigny." t In the Vale of 'V ardour the sands referred in this 
}Iemoir to the zone of A. mfonmdlldn8 are certainly more 
closely related stratigraphically to the Gault above than to 
anything below; but as they can be mapped separately and have 
a mm'kedly different lithological character they have been 
colomed as Lower Greensand on the map, and are still bracketed 
as Lower Cretaceous. At the same time they are placed in the 
Index to the Map at the base of the Gault, with a marked break 
between them and the \Vealden beds. An additional reason for 

;~ "Crctaceuns Rocks of Brita.in," vol. i., p. 22S, .llle1n. {leol. SUfTey (1900). 
Ibid, p. 4:3. 

6152 D 2 
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this treatment is found in the unfortunate circumstance that on 
the Contillent the Gault is nearly always classed as Lower Cre
taceous, while we class it as Upper Cretaceous. If we transfer 
the zone of A. mammillatll8 from the lower Greensand to the 
Gault, we make this discordance greater instead of less. 
At present British geologists do not seem disposed to adopt the 
continental diyision between the Upper and Lower Cretaceous 
rocks, which is certainly not " conyenient one for Britain. 
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CHAPTER VII. 

GAULT AND UPPER GREENSAND (SELBORNIAN).* 

The Selbornian Group consists of clays and marls which are 
usually known as Ga1dt, and of sands and sandstones which 
have been called -Cpper G'/'eensctnd; but it must be remembered 
that though both exist in Wiltshire, the Gault clays of this 
county represent the Lower Gault of Folkestone only, the Upper 
Gault (which comprises two-thirds of the formation at 
Folkestone) being here represented by the so-called Upper 
Greensand. 

The following is the succession of beds which make up the 
Selbornian in the Vale of Wardour :-

Zone of 
Pecten asper. 

{
Green sand or sandstone -
Sands with layers of cherts 
Glauconitic sandstone -

Zone of Am- (Greenish grey sands -
monites 1"ostmttts. i Fme buff-coloured sands 

\ Sandy malmstone -
Zone of {SandY micaceous clay -

Am. intel'l·upttIS. Grey and brown clays 
(Gault.) Ironstone and pebble bed 

GAULT, 

I 

FEET. 

about 10 
" 25 
" 15 

" 
" 
" 

40 
50 
20 

J " 100 

3 to 8 

About 265 

The Gault of the Vale of Wardour is a bluish marly clay or 
loam, tending to become sandy above and below, and having 
a thickness of from 80 to 90 feet. Where sections are visible 
there is a sharp line, marked by a few small pebbles, at its 
junction with the sands below, but upwards it passes gradually 
lllto the Upper Greensand. Indeed, the relation of the Gault to 
the Upper Greensand is so intimate, that in his" Upper Cretaceous 
Rocks of Britain," Mr, J ukes-Brmvne has introduced the name 
" Selbornian" for the combined formations. The two make 
one palreontological whole, and are merely different lithological 
facies of one formation. The equivalents of the Upper Gault 
clay tend to become so saildy towards the west as to be scarcel) 
distinguishable lithologically from the Upper Greensand. In 
this district the clay represents the Lower Gault only. It 
passes up into a kind of Impure malmstone, or fine micaceous 
sandstone containing a variable quantity of colloid silica, and this 
in turn passes up into soft sands. 

Our knowledge of the Gault within the area described in this 
Memoir is mainly derived from two sections, a brickyard and 
well at Ridge, and a well sunk at Dinton, north-east of the 

* Mainly from Jukes-Browne's "Cretaceous Rocks of Britain," vol. i., 
chapter xvi. (1liellw-il'8 Geot. Survey), 1900. 
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church, in 1890. The Dinton well has already been refen-ed to; 
the section given by Mr. Jukes-Browne is as follows:-

Surface soil -

f 
Yellow and grey clays - - - . - -

Gault Hard ferruginous stone - - . - - -
clays Brown clays with a layer of brown stone - -

FT. IN. 
1 6 
5 0 
o 8 

15 0 
) Dark grey clay with selenite, some fossils and a 
l few small pho.3phate nodules - - - - 5 0 

f Hard grey ferruginous sandy rock, fossils - - 5 8 
Basement Reddish-brown sandstone with scattered pebbles, 

Beds ~ fossils and fragments of wood - - - - 2 6 
l Layer of small pebbles - - - -- - 0 6 

Lower (Brown and grey sands and stone beds - - 26 8 
Greensand l Grey and black clays - - - 7 0 

69 6 

The following fossils were obtained from the brown sandstone 
by the Rev. W. R. Andrews and identified by Messrs. Sharman 
and Jukes-Browne :-

Ammonites sp. 0 Deshayesi or ~Iodiola sp. 
denarius). Mytilus sp. 

N atica sp. (? Genti) Ostrea vesicularis. 
Arca (Cucullrea) carinata. Pecten orhicularis. 
Cytherea sp. (? plana, young). Pinna sp. (several). 
Inoceramui concentricus. Pleuromya mandibula. 

" sp. (large). Terebratula biplicata. 
Lima sp. Holaster ialVis. 

From the overlying hard grey rock were obtained:-
Ammonites [Hoplites] sp. Arca Raulini ? 
Turbo sp. (not lImnitu.s). Cardium raulinianum? (not 
Inoceramus sp. (large). sub-hillanum). 
Cncullrea glabra. Pleuromya plicata 1 

" sp. Cyprina angulata. 
In the clay above Mr. Andrews found the following:-

Am. interruptus (Fig. 31). Pecten orbicularis. 
Trigonia Fittoni. Inoceramus sp. 
Pleuromya mandibula. Pinna sp. 

FlU. 31. Ammonites [Hoplite8] intermptu8, Brug. 
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FIG. 32. Ammonites [Hoplites] splendens, Sow. 

The only excavation in the Gault along the north side of the 
Vale is that of a brickyard at Ridge, west of Chilmark. Here 
about 40 feet of dark grey micaceous silty clay is seen containing 
a nearly continuous layer of dark grey are'illaceous and 
calcareous mudstone or silty sandstone. Small ovoid dark
coloured septarian stones are scattered through the clay, and one 
of these was analysed for us by Prof. J. B. Harrison, F.G.S., of 
Demerara, the result showing the presence of much phosphate of 
lime 051'6 per cent.), carbonate of iron (6 per cent.), and carbonate 
of lime (19'38 per cent.), the latter probably being chiefly from 
the calcite-veins which traversed the nodule. These phosphatic 
nodules are common in the Gault throughout Wiltshire and the 
northern part of Dorset; they nm from 3 to 5 inches in length, 
and are often 2 inches in diameter .. 

Fitton records the following fossils from this exposure :-
Ammonites Beudanti Rostellaria carinata. 

" dentatus[illterruptus] Pectunculus umbonatus. 
"tuberculatus. Cytherea parva 1 
" selliguinus (1) Lima elongata ( = parallela d'Orb). 
" varicosus [1 an error] Terebratula sp. 

Avellalla illftata. Astacus [? Hoploparia]. 
Dentalum decussatum. 

The Rev. \V. R. Andrews has himself obtained A m?Honites 
intel"rnpt1~8, Am,. splendens(Fig. 32), Inocenonns 8nlc(lt1~s and 
a large species of Ouc'nllwa, probn.bly glubm. 

UPPElt GEEENSAND. 

The malmstollc iuto which the highest part of the Gault 
passes is a fine-gra.ined grey siliceous rock, containing a variable 
amount of collOld silica, but less than the typical mahnstone of 
Hampshire; in other words it is an impure malmstone with 
considerable quantities of clay and fine sand in its composition. 
Some parts of it may contain 20 per cent. of colloid silica, but 
an argillaceous sample from Sutton Mandeville, analysed by 
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Prof. J. B. Hanison yielded only 11'4 per cent., with 31'84 per 
cent. of quartz and mica, and 34'19 pel' cent. of combined silica; 
this sample was remarkable for containing a large alllount of 
lIHtgnesia (8'18 per cent.) and no carbonate of lime. 

The malmstone passes up into fine micaceous sand which 
sometimes, as ne,lr Ridge, passes into a yery soft and loose sand
stone containing much colloid silica, a material which the French 
call gu i ~e. These sands always weather to a buff or yellowish 
colour, but pass up into grey sands which have little or no mica, 
consisting entirely of small grains of quartz and glauconite. 
The highest part of these sands for £) or 10 feet contain roundish 
concretions of calciferous sandstone, some as large as a man's head. 

The next member of the group is a firm glauconitic sandstone 
of coarser grain than the beds below, and cemented by calcareous 
matter into a fairly hard rock. This stone has been quarried in 
many pl:wes for building-material and was formerly in much 
request. Along the northern outcrop, and perhaps on the 
southern side of the \-ale, there is a layer about a foot thick in 
this sandstone almost entirely composed of Ostrea 1Jel'Jiculol'Jil, and 
where the rock has been much decomposed at the surface, this 
shell-beel becomes it conspicuous fe,lture in it. The rock also 
contains Pectcn (iSLJCI' and P. qnudl'icostcdlUi. 

The Chert Beels are a continuation of those which appear Ileal' 
,Yal'lllinster ; they consist of fine greyish sand, often almost a silt, 
containing large quantities of sponge.-spicules, ~l~d enclosing 
layers of black or brown chert and of wlute porous slhceous-stoue, 
with occasionally doggers of calcareous sandstone. Fossils of 
other kinds are rare. 

The highest member of the series is seldom seen in the eastern 
part of the Vale, but appears to consist of sharp green sand 
without fossils. 

The Upper Greensand of the Vale of \Vardonr is apparently no 
less than 150 feet thick, and includes two distinct zones, that of 
Ammonites l'u8tr.ttas (Fig. 33) and that of Pecten (/sper (Fig. 
34): the older of these zones, that of .A. l'OlJtl'at1~s, though here 
almost entirely composed of sand, is the equivalent of the Upper 
G,LUlt clay of districts farther east. 

There are many exposures of the beds composincr the zone of 
Ammon itcs I'Ol'tTutns 011 both sides of the Yale of\VardoUT. It 
forllls the mass of what is called the Upper Greensand, and the 
creneml succession is as follows :
t'> 

Glauconitic sandstone (zone of Pecten asper) - • -
FT. IN. 

ular calciferous concretions (no chert) 9 0 
Fine greenish-grey sand, often laminated J 
Soft greeni~h-grey sand with hard irreg-

Zone of A Ill. and current-bedded - - about 30 0 
[Sc/d()cnb·l lBUff-coloured sands, becoming mica-
I'ostratus. ceous below and passing into soft 

micaceous sandstone - - - - 50 0 
Impure sandy malmstone, from 15 to - 30 0 

Gault (grey sanely micaceous marl) 
The thicknesses giYen are approximate only, and the total 
probably varies between 105 and 120 feet. 
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Fw. 33. 

FIG. 35. 
FIG. 33. Amp\onites (Schloenbachia) 

rostratus, Sow. t. 
35. Exogyra conica, Sow. 

FIG. 36. 
FIG. 34. Pecten asper, Lam. i

" 36. Ostrea vesiculosa, Sou'. 
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On the south side of the Yale there is a good section of the 
malmstone in a deep fosse-way by Sutton ~randeville church. 
The beds dip to .the south and the top is not seen, but there 
seems to be a thlCkness of about 30 feet: most of it is a lio-ht 
grey stone of small specific gravity, so that it feels light in the 
hand, but some of the beds are heavier and more aro-illaceons 
with spots and streaks of dark grey marl. The stonebweathers 
into beds of 6 to 12 inches thickness. Another excellent section 
of these strata. will be found in the sand-pit opposite the church 
a~ Anst.y, whlCh shO\:,s 35 fe~t of fine glauconitic sandy loam, 
wlth a few masses of concretlOnary sandstone, EJ;oYIjI'a conica 
(Fig. 35) occurring in the other part, and Pecten (Neitlwa) quin
quecost(/t1~s, and a large Sel]mZ(( in the lower. The bottom of 
this pit is probably 30 or 40 feet above the clayey Gault, which 
throws out strong springs around the pond below. 

Alono- the north side of the Vale the sandstone is well 
exposecf by Knap Farm near Ridge, where it has the character 
of a trne "gaize" like that of Devizes; here it contains Sel'pld(( 
concav(( and impressions of bivalve Mollusca. It is also visible 
in the lane north of Dinton. 

The best sections through the sands which form the higher 
part of the zone are :

The lanes near Ridge. 
A sand-pit in Upper Holt, north-we~t of Tetront. 
The lane north of Dinton. 
Large sand-pits by the road north-we$t of Dinton :\Ianor Farm. 
The railw:1Y cutting near Baver4ock. . 
The lane down the north side of Fir Hill, near Fovil.nt. 

The :one of Pecten I1spel' is well developed in the Vale of 
\Vardour, and consists of the following beds:

Green sand or sandstone, from 6 to 10 feet. 
Chert Beels, from 20 to 30 feet. 
Glauconitic sallllstone from 9 to 16 feet. 

the average thickness being probably about 45 feet. 
The o-lauconitic sandstone is exposed in many of the lanes and 

roadways on both sides of the yale, and its t~ic.kness increases 
from 9 feet on the western slde to 14 or ](j feet towards the 
eastel'll end. In the llliddle or upper pa,rt of it there is a layer 
ahout 12 inches thick which consists almost entirely of Ostoi'ca 
vcsicnlo8(( (Fig. 3(j) shells, and where the. rock has been decom
posed into soft sand. anel s~nd-rock thIs bed of Oyster shells 
becomes a very conspicuoUS feature. 

The stone has been quarried in many places for building-
material, amI was fo1'1ne1'ly in much request. Dr. l!'it~on says lt 
,ras called "Greenstone" at Fovant, and adds ''It IS valuable 
from its not beillO' affcetec1 by frost. It can therefore be dug at 
fmy S2<1S011, am1 bstands well in water as in the foundations of 
brIdges, and i.n exposed situations as in copings, e~c,-:'* The 
Chert Beds arc llslxl for road-metal around Swallowchfte. 

The best section on the south side of the Vale is that of the 
old quarry at FOVIU1t near the Pembroke Arms. Dr. Fitton gave 

• TrailS. li eo!. foe. !:leI', :!, vol. i v., p. 246. 
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Fn;.37. Section of milway-cutting at Baverstock, Wiltshire (A. J. JUKES-BROWNl<:). 

(Length of cutting about a quarter of a mile). 

FT. FT. 
4. Soil. 
~ JFine grey sand with layers of black chert and white porous 
~ stone - - - - - - - 6 
t: Fine grey sand, with irregular layers of porous stone, and 
1l 1 doggers of hard calcareous stone - - - . - 8 
Co) Light greenish grey marly sand, with a layer of grey calcareous 
M stone at the base " " - - - - - - H 

2. Firm greenish sandstone, with vertical joints. Ostrea vesiculosa 
abundant about the middle - - 13 

1. Soft grey sands with lenticular layers of hard siliceous stone 
in the upper part, seen for" - - - " - 25 

About 54 

C 
E ~ 

~ 

~ 
~ 
Z 
1::1 

4- ~ 
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3 ~ ::e 
c ::e 
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the succession here, and his account differs little from the 
following, which was taken in 1890 :-

FEET. 
Soil and Rubble 3 
Fine grey silty sand, with layer::; of chert and white porous 

siliceous stone - - - - - - - 8 
Soft grey sand, with two layers of greenish calcareous stone - -1 
Soft grey sand, with nodular lumps of calcareous grit, passing 

down into. tough greenish sandstone with irregular lumps 
of hard gn t - - - - - - - - - - 6 

Firm greenish sandstone, standing with a vertical face and 
weathering yellowi::;h brown - - - - - - 10 

31 
The only fossils seen in the sandstone were Pecten orbic'nlal'is 

and Ostrea vesicnlosa, but Dr. Fitton also mentions Sharks' 
teeth. The beds arc nearly horizontal, and form part of a 
plateau, which has a gentle slope to the southward. The stone 
is rather coarse in grain, the glauconite grains being large, dark 
grcen, and conspicuous. '-

The highest beds of the Greensand are well exposed ncar 
Baverstock. In the wood about half-a-mile cast of the church is 
a small sand-pit, which shows marly glauconitic sand (about :3 
fcet) passing d0wn into sharp bright green sand (about 8 feet). 
This must be just l)elow the "Chloritic Marl." In the railway 
cutting to the south-eastward lower beds are seen with a dip of 
auout 10° to the north-east, by which the succession shown in 
Fig. 37 is brought in. 

At two other points within the area described in this Memoir 
the higher beds of the Upper Greensand fu'e exposed at the 
surface, but there is no section visible. One exposure is at 
Al vediston, the other farther cast, near Mead End. The last
mentioned outcrop is part of the Greensand inlier brought up by 
an anticline which runs through Bower Chalk; sections in this 
Greensand will be found in Bo',yer Chalk yillage, which lies just 
outside our limits (see Ringwood Memoir and Map, sheet 314). 
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CHAPTER YIlI. 

l'HALK. ... 

The Chalk, which occupies the surface I}yer so large a part 
of the area described in tIlls }Iemoir, forms a mass of such great 
thickness that it has been mapped in three sub-divisions
rpper Chalk (soft, with flints), }liddle Chalk (harder and less 
flinty), and Lower Chalk (grey marly chalk without flints J. In 
addition to these broad lithological divisions, various 70nes 
characterised by peculiar fossils have been recognised, thougb 
it has not been attempted to lay clown these pal~ontologi(;al 
zones on the map. Tho zonos usually recogmsed are as 
follows ;-

Zone. 

jBelemnitella mucronata 
Actinocamax quadratuR 
~1arsupites testudinariu~ 

Thickne8.~. 
FT. 

- 80 
- 170 
- 2:'lO 

240 

l'pper Chalk 
(with Chalk Rock 

at its base). 1 :Jlicraster coranguil~um . 
. -- cortestudmanUllllr Holaster planu~ - - ,0 

:JIiddle Chalk r Terebratulina I 
(with 'jlelbourn Rocki Rhynchonella Cuvieri (= zone of f 80-100 

at its base). t Inoceramus labiatus) 
Lower Chalk ( Holaster subglobosus 

(with Chloritic :Jlftrl ' 
at its ba~e). l Ammonites varians 

- 90 

100 

ab0ut - ]070 

The upper part of the series is inoomplete, only the base of 
the Belell1nitella mncronrLia zone being preserved, and this only 
in the neighbourhood of the Eocene strata. 

LOWER CHALK. 

The nodular and phosphatic Chloritic Marl, which forms the 
base of the Chalk in thIS part of England, is nowhere clearly 
exposed within our area; but the rest of the Lower Chalk forms 
a well-marked belt of undulating marly land, fringing the Vale 
of \YardoUl' and running at the foot of the scarp which every
where bounds the valley. Lower Chalk also appears in the 
bottom of the valley of the \Vylye around Codford, and again 
on the southern limit of the district around Alvediston and 
Broad Chalk. 

A good exposure of the alternating beds of soft marl and hard 
chalk forming the upper part of the Am. vc~)'irtns zone occurs in 
the chalk-pits by the side of the road leading up Buxbmy Hill, 
on the south side of the Vale of Wardour, and is seen in the 

* Mainly from the notes of :.'Ilessl"". A .. J. .Tukes-Browne anll F .. r. BenLett, 
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lowest level leading to the door of the lime-kiln the descendinO' 
succession being as follows ;_ ' b 

FT. IN. 
Two courses of hard rouO'h grey chalk separated by 

loose marly chalk - - " 2 6 
Dark grey argillaceous lllarl 0 6 
Loose gTey marly chalk 1 ;3 
Hard grey chalk from 9 inches to 1 6 
}Iarly grey chalk, weathering into loose fragments, with 

here and there patche~ of darker blue grey chalk 
(m'luy fossils) 14 0 

Very hard rocky grey chalk, rising from below the last 
near entrd,nce - 1 6 

Dark grey tough marly chalk - seen for 1 0 

22 a 
Theso beds have a southerly dip of 4°, and contain many of 

the characteristic fossils of the Chalk Marl, such as Rhynchonella 
il[w,tini, Rh. gmsicma, Lima globosa, L. (lspem, Anwwnite.s 
[Schloenbach ill 1 lX()' l:all 8, etc. 

A quarry to the south-east of the village of Fovant shows a 
similar set of beds, which must be at about the same horizon. 
The upper part of the quarry is in firm, massive, whitish chalk, 
of which about 50 feet is seen, and below this the following 
sllccession m.n be made out ;-

Hard greyish-white chalk in layers, 
rough and a smooth fracturt\ -

Layer of soft grey marl-
Hard grey chalk -

FT. 
haying alternately a 

- 6 
- 0 
- ;3 

1 tioft dark grey marly chalk -
Dark grey sandy chalk, with 

(many fossils) 
Yery hard light grey limestone 
Soft grey marl below. 

yisibLe grains of glauconite 
about 15 

- 1 

The grey sandy chalk is not unlike Totteruhoe Stone, and 
contains many of the same fossils, but there are no phosphatic 
nodules or fragments in it. 

There are no good exposures of this zone on the north side of 
the Vale of 'V ardour. 

By the road leading up to Buxbury Hill there are two excava
tions in the higher p1ll't of the Lower Chalk. The first of these is 
in the quarry above the exposure by the limekiln previously 
mentioned. This shows about 25 feet of firm blocky greyish
white chalk, breaking as usual along more or less curved surfaces, 
so that the rel1l planes of bedding are obscured. The following 
fossils occurred: Ammonites [Acanthocel'(/,s] 1'Otonwgensis, 
11IocuailLns sp., O,~t/'ea latel'((li.'!, Peclen BeaveJ'i, Te1'eb1'atulr~ 
8('}niglobo.'!a, and 1\11'. Rhodes subsequently found Anwwnitcs 
[Acantlioee)'((s] ~1Iantelli, An&. [HaploceJ'as] Ansteni (?) (a frag
ment), 08h'C(~ t:esienlu I'is, and Pecten m'bienla/'is. These species 
,tnd the absence of A ?mnOll ites L'(u'ialls suggest that these beds 
belong to the higher zone. If this is correct, the floor of the 
quarry nearly coincides with the transition from one zone to the 
other. 
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On the other side of the road, and at a little higher 1e,el, there 
is a second quarry, showing the following beds·:-

FT. 
Compact white chalk, weathering into cour~es with 

looser chalk between them - ;-; 
Rather rough greyish-white chalk 6 
~Iarly parting. 
Hard greyish chalk, with indefinite bands of yery hard 

nodular grey chalk - - - 8 
~IassiYe compact blocky chalk, parting along' curved 

surfa('e~ - - - seen for / 

26 
The lowest blocky chalk is evidently a continuation of that 

in the other quari·y. The nodular beels contain Ammon itc.'; 
Allstcili (1) and SU88e,ricJlsi8U)' They show a dip' of 6° or 7' to 
the south-eflst. The marls of the Act. l)li'Il'ns band cross the road 
about 100 y;u'ds farther up, and from them }Ir. Rhodes got three 
specimens of the characteristic Belemnite. 

A quarry by Pitchpenny Clump, north of the hamlet of Ridge, 
shows the }Ielbourn Rock resting on it byer of grey marl, with 
greyish chalk below, but the rest of the section was obscured by 
tctlus when visited in 11390. 

A similar section is exposed in a chalk-pit about a mile north
east of Dinton, grey blocky chalk succeeded by a broken layer of 
grey marl passing below the Melbourn Rock, which dips north 
at about 20°. 

No sections of Lower Chalk are visible in the part of the 
\Vylye Valley that comes within our area, though immediately 
west of the limits two pits will be founu. 

At the southern margin of the area the Lower Chalk is again 
brought up by anticlinal folds, and is seen here and there in the 
Ebble Valley. In these inliers 1\11'. Bennett has noted a few 
sections. In the Broad Chalk inlier a pit will be found above 
Knighton Farm, and a road-section half a mile south of 
Croucheston. The Bower Chalk exposure shows several sections; 
the only ones which come within our limits are, however, those 
neal' 1Iead End. The spring-head south of that farm shows 
hardish grey fbggy chalk with Anmwllites v(u·imI8. A pit 
nearer the farm shows 10 feet of rather hard Baggy chalk, 
app<1l'ently higher in the series, having a northerly dip of 8°. No 
PIts are now open at Alvediston. 

MIDllLE CfLlcLK. 

The Middle Chalk, from its harder character, tends usually to 
form the lower part of the steep scarp which borders the valleys 
where the softer Lower Chalk occupies the bottom. In oth~r 
phi.ces the contours where Middle Chalk appears at the surface 
are. scarcely distinguishable from those of the rolling clowns 
w111ch characterise the Upper Chalk. The soil of the Middle 
Chalk is dry, and more fitteu for pastnre than for tillage, for 
w~ere the s~ope is steep the soil tends to wash away during heavy 
rall1S, It IS unfortnnate that these steep slopes were eyer 
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ploughed, as the rernoyal of the turf allowed the rain to wash 
away the thin soil which had taken centuries to accumulate' and 
now the absence of soil is severely felt. ' 

The total thickness of this diyisioll is, as alreacl y mentiolled 
,11)Out 80 or 100 feet. At its brtse is a band ofhard"nodular rock' 
kllmnl as the ::Uelbourn Rock, haying a thickness of 5 or 10 feet: 
Two palH~ontological zones are included in the division, that of 
RhyJ/clwl/ella 011ViCl"i abo\Ve, and that of TCl'ebrat1~l'inc~ below; 
fossils, however, are not abundant in the }Iiddle Chalk of this 
district, the most common being the fibrous fragments of an 
[)wce)'(()~L 1[8, proba~ly the s£ecies variously known as I. mytiloicles 
or I. labwt/[8. Tlus shell lS usually accepted 011 the continent 
as giving the nctllle to the zone here· known as that of Rhynclw
~1dla Onvieri. The main outcrop of Middle Chalk within our 
area is that bordering the Yale of \Vardour; but the rock covers 
also a considerable area in the valleys of the \Vylye and 
Ebble. 

In the Vale of Broad Chalk, rnalW exposures of Middle Chalk 
can be found, but, according to l\I/ F. J. Bennett, there are few 
large quarries in it. He saw the :'IIelbourn Rock at Broad 
Chalk, at the top of a quarry north of Chalk-pit, Honse, and again 
in the road south of Knighton. 

Mr. Jukes-Browne yisited Homingtoll and Coombe Bissett in 
1890; south of Homington he found a quarry in the Cuvieri 
zone, showing: 

FT. 
Hard chalk, broken and weathered, with two layers of greeni~h 

marl, lnoc. 1IIytiloides _ v _ G 
Hard whitish nodular limestone seen for 6 

In the lane leading out of the road from Homington to Coombe 
t,he top of the Lower Chalk (with the Belemnite marl) overlain 
by harcll\Ielbourn Rock are well seen. At Coombe Bissett there 
is It large pit in the lower part of the Middle Chalk about 40 feet 
deep; the chalk at the bottom is hard, and contains InocelYmnns 
rnytiloi(Zes; higher up, it is tough and massive, with several 
layer3 of soft marl; and near the top are many grey flints. The 
beds are dipping to the north at ahout 4 deg. 

The sections of Middle Chalk around Ehbesborne ~Wake and 
Alvecliston are not illlportn,nt, though a pit hy the road-side half 
a mile west of Alyediston chureh shows 10 feet of hard thick
betided chalk with mftrlv bands. A similar section can also be 
seen in it pit at Prescoml)e Farm. 

Therc are no good qurtl'ry sections in this division along the 
sout h side of the Vale of \Vardonr, but the whole of the Middle 
Chalk can be traced in the roadway ascending Compton Down; 
tirst, the rough nodular chalk of the Rhynclwnella Oavie1'i zone, 
then the tirm white chalk of the Terebmtnlina zone overlain by 
the hard rocky beds of the Chalk Rock. 

South of B~rford, in the road cntting- leading to Hoop Side, 
the Melbolll"n Rock C:tll he seen oyerlymg the highest beds of 
the Lmr8l' Chalk. 
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Along' the northern lJOnler of the Ville of \Y<trdonr there arc 
Ii tew places where the zone of Rlli! 1Ic/1U,1.'!ll(l CauieJ'i can be seen 
in spite of the high clips. 

A quarry north-east of Baverstock shows llbont 25 ~eet of this 
zone, hard, roug·h. and nodular in the lo\\'er part, WhICh cannot 
be far from the L~Ielbourn Rock. The two common fossils wero 
fonnd in the npper becls. and the clip is about :33 deg. to tho 
north-east. 

Tho ::\lelbourn Rock, pl1ssing up into llilnlish bedded chalk 
cont:linin:~' Rhynch. Cfuuie)'i. and IlwccJ'(nnns Jnytiloidcs, is also 
exposed in a small pit three(luarters of a mile north-east of 
Dinton. The dip here is about 20 deg. north, and an old 
exc;wation close by must h,tYe shown the TC)'eln'utnl i)l!t zone, 
as the Chalk Rock which is still exposed at the northern end, 
dips at 45 deg. 

A quarry half a mile north of the village of Ridge shows the 
following section :-

FT. 
Hard bedded whitish chalk - - 15 
Hard ycllowi~h nodular chalk in regular hecb, with Reypntl la.rers 

of marl - 10 
Marked layPr of marly chalk 
Hard nodular yellowiHh chalk OIelbonrn Rock) - ') 
Ureenish grey lllarl and marly chalk I) 
'raIn ~ concealing lower bed~. 

The dip here appears to be about 15 deg. to the north. 
::\11'. F .. J. Bennett states that the rock is seldom well exposed 

in the \Vylye Yalley, but he saw exposures of it in an olel lane 
south of Boy ton, and again south of Sherringtoll in an old 
trackway leading eastward. Hard bedded chalk, which probablv 
belongs to the zone of Rh!J nclWl1 ellct OL~viel'i, is to he seen in th~ 
road-cutting at Deptford and in a chalk-pit by Deptford Field 
Barn. 

l~ 1'1'ER CHALK. 

OYer Illore than half the area which is now being described 
the slll'face rock is Upper Chalk. This diyision is 700 or 800 
teet thick, so that hills and valleys of considerable size can be 
carved out of it without any other rock being exposed. Most of 
the wiele expanse of Salisbury Plain, only part of which comes 
within OUl' area, is Upper Chalk, and this plain is continued 
eastward in the plains of Basing-stoke and \Vinchestel', which 
again stretch eastward to the sea in the two long tongues known 
as the North and South Downs. In the southem part of Ollr 
area the continuity of tho Downs is somewhat broken hy the 
Alderlmr,Y syncline, the trough of which brings in Eocene strata; 
but south of this tongue the continuity of the Downs again 
stretches unbroken into Dorset and to the English Channel.' 

In its character and composition this great mass of rock is 
sing'ulady uniform; nearly all o£ it is soft white chalk, with flint 
noclules scattered more or less ill lines. One or two thin hard 
bands, known as Chalk Rock, occur at the base, and an occasional 
marl parting is found; but lithokgically it is all one formation, 

(l152. l~ 
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and we have been obliged to map it as such. ,Vhen we examine 
the fossils, however, it is found practicable to break up this mass 
into zones characterised by peculiar assemblages; but the limits 
of these zones are sOllle"'lmt indefinite, for the species in most 
cases disappear one by one and are replaced equally gTaduaUy by 
the species of a higher zone. No sudden transitions from one 
faunrt to anothU' have yet been discovered in the district 
with which we are cleating. In other regions, however, 
breaks, marked by lines of nodules, which suggest either 
the non-deposition or the destruction of certain intermediate 
strata, can be found; and at the same points a suelden change in 
the fauna usually takes place. 

The area occupied by the Upper Chalk is shown on the map, 
whereon the outcrop of the Chalk Rock has been delineated. It 
will be seen that this is an extremely irregnlar line, running for a 
long distance down the valley of the ,Vylye, and then westward 
till it climbs to a very high level on White Sheet Hill, north 
of Mere. 

On the south side of the Yale of ,Vardour the lower beds of 
the lTpper Chalk form the highest part of the ridge, which ends 
in another White Sheet Hill, east of Shaftesbury, a ridge which 
separates the Vale of ,Vardour from the Yale of Broad Chalk. 
The strncture of the lrttter is clearly shown by the mapping of 
the Chalk Rock, and proved to be a succession of dome-shaped 
uplifts (three or four) arranged along an anticlinal axis. This 
axis is prolonged east"'ard across the valley of the A von, and 
is continued in the tract of chalk which indents the boundary 
of the Eocenes north-east of Downton. 

From this anticlinal axis the Upper Chalk dips northward 
under what may be called the Salisbury syncline, and southward 
into a wider main syncline of the Hampshire basin. 

It is only in the eastern part of this area, near Salisbury and 
Downton, that any great thickness of Upper Chalk comes in. In 
most other parts of the district no lugher zone than that of 
]JliCJYlstcl' comn[JH imun is found. In describing the local 
development of the seycral zones, it will suftice to give particulars 
of some of the best exposnres of' the lower zones, and then to 
concentrate our attention on the neighbourhood of Salisbury. 

In South ,Viltshire the zone of H()lastl'l' plaJl1~8 has the true 
Chalk Rock aspect, always cont.aining two or more beds of hard 
compact yellowish limestone with layers of gTeen-coated nodules. 
It is not often, however, that the whole of the Chalk Rock beds 
are exposed in one section, and a visit to l'ome localities might 
lend the observer to believe that there were only a few feet of 
such rock. More complete sections, however, show that the 
harder rock beds often pass down into less hard and more 
nodular chalk, forming a set of beds which are from 12,to 16 
feet thick. In other places the O'l'OUp expands by the mter
calation of separate beds of lumpy cYmlk, some of which are hard, 
and others consist of hanl lumps in a soft mealy kind of chalk; 
the whole group is then from 20 to 26 feet thick, always having 
n hard rock-bell at the hnse and another at the top. 
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Above the upperlllost bed of rocky chalk we find softer bnt 
still lumpy chalk containing many flints, and often thin seams 
offlint, while there are no flints in the ChilJk Rock beds. These 
higher beds contain JIicnlstel'.' of the cOI'testndinarinm tyee, 
and may be referred to the zone of that species; but other fosslls 
are few. There are few good exposures of this zone, and its 
upper limit 11<1s nowhere been satisfactorily fixed, but it is 
snpposed to be 40 01' 50 feet thick in the v,,,lley of the Wylye. 

The succeeding zone of JIiCl'cl8tC I' I'U 1'1/ lig n i Ii Wit is, as usual, at 
considentble thickness (more than 200 feet), and is believed to 
occupy the larger part of the snrEtce are,l of Salisbury Plain; it 
also occupies some space west of Salisbury and north of the Vale 
of 'VardonI'. Its lower beds contain m,my carious flints, often of 
it reddish tinge imide, its middle part black flints with a milky 
white band, and the upper beds grey flints with it thick white 
crust or rind. 

The only pl1Xt of South 'Viltshire in which the higher zones of 
the Upper Chalk have been carefully studied is the neighbour
hood of S;tlisburv. This was described in IH7G bv Professor 
~hlTois.* Dr. H. 1'. Blackmore, of Salisbury, has beOl; collecting 
for many ye;U's from all the qlvuTies within a radius of five 01' 

six miles, and has kindly phteec1 the results of his labours at our 
<lisposnl. Mr. Jukes-Browne had the further advantage of 
visiting most of the exposures near Salisbury under his guidance 
in IH90. It is from these materials that this account of the 
upper zones has been compiled. 

The total thickness of Upper Chalk exposed in this district is 
between 700 and 800 feet. The following estimates of the thick
ness of the several zones are based on information communicated 
by Dr. Blackmore:-

Zone of Belemuitella rnucromtta - - about 
" of Actiuocamax quadratus " 
" of Marsupite~ " 
" of ~ricra~ter coranguimul1 - - - " 

Zones of ~[icraster pr,ecurwr and H olaster p1"llUR " 

FEET. 

70 to 80 
170 
230 
230 to 2,')0 
70 

Ahout 790 

The facts on which these estimates are based fLre as follows, 
all the information being communicated by Dr. Blackmore. 
The ZOlle of Horustcl' ,ilrill U>j is seen to he oyer 20 feet thick near 
Homington, and 45 feet is probably a low estimate for the zone 
of M. l'ol'tcstndill((J'inm, so tllitt t.he t.wo together may be put 
at 70 feet. 

The quarry on Camp Down, between the valleys of the 'Vylye 
ancl the Avon, is 200 feet above the rivers; this quarry is in· the 
. .1[. co)ytngninnln zone, and the beds are horizontal, while its 
base is probably at about the level of the Avon stream. Hence 
there is over 200 feet of this zone. 

* Rechelches "ur Ie Terrain Cretlwe Superieur de l'Anglet.P,ITe et ,Ie I'frJande 
Pl'. 54, 64, lJIt'lil. Soc. U/ol. dn Nonl. 18i6. ' 

6l52. E 2 
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From the top of Bishopsdown (north of ::-;nlisbury), where 
J[(il"suj)ites are found, to the top of the well at the waterworks 
nearer the town is 100 feet; the well was sunk 70 feet, and bored 
for another 63 feet, and a good Marsapite plate was obtained 
from the lowest part of the boring; hence the thickness is at 
lAast 280 feet. This is confirmed by a well sunk at a spot about 
21 miles to the N.R of Bishopsdown. This was sunk to a depth 
of 230 feet, and a l1IIl)'snpite plate was obtained from the 
bottom. 

'Yith respect to the ActiJl()c(()/1It.:r qnadmtns zone, two wells 
haye been sunk between Hal'l1ham Hill and the riYer, through 
chalk with thin-skinnerl flints, and fossils like those at Highfield 
(Ma1'snpites zone). From the top of the welh; to the top of 
Harnham Hill is 170 feet, and there is reason to think, from the 
space elsewhAre occupied by the Act. qn(ulmtns zone, that 170 is 
about its full thickness. . 

As to the Bel. 1nnCrOn(ti(t zone, a well has proyed 68 feet of it, 
and from the space it occupies it is not likeli to exceed 100 feet, 
so that from 70 to 80 feet is fi probable estimate. 

Chalk Rock a ncl A8scciate(l Beds. 

The Upper Chalk is so thick, and extends over so wide an area, 
that it will be described most conveniently in sllccessi,"e stages 
or zones. 'Ye will therefore begin with the Chalk Rock and the 
associated beds of the yalley of the 'Vylye, in which '>alley the 
ontcrop h;lS been trace(l for a long distance by :\11'. Bennett, from 
whose notes the following description is mainiy compiled. 

One of the best sections, exposing 13 feet of chalk Ivith flints, 
and 8 feet of yellowish rocky berls, can be seen in the :pud of a 
barn north of r pton Lovell. There are other sections near 
CoMOI'd, Sherrington, and \Yylye, but the most complete one III 
this n.lley is the quarry at :steeple Langford, about 360 yards 
E.XE. of the church. 'Ye are indebted to the Rev. 'V. R 
Andrews, F.G.S., for the following description, and for the photo
graph from which Fig. 38 has been dr;l,WI). 

The uppor part of the Ch;llk Rock can also be seen in the river 
clift' about a quarter of a mile north-west of\Yishford church, 10 
feet oE the rocky heds with green-coated nodules being oyerlain 
by U feet of nodular white chalk containing til'e layers of nodular 
flints, and three continuolls layers or flint floors. These 12 feet 
lllay be referred to the zone of Jl. cul'te8tuchwu·imn. 

A quarry j nst east of the cross roads at Stapleford is probably 
opened in the latter zone. nIl'. Bennett states that it is about 20 
feet (leep, amI combining his account with that given of it by 
Dr. B;llTois, the section, now lUuch talusecl, appears to lliwe 
heen :-

Hanl white ch,tlk with <t few bhck flints and several flint 
~eall.ls, Cidf/1'is g((IJ1'esiclll(),Qa and Jfi("}YI.qteJ" (·m·testurli
liar/itJII 

H,nclll()dular chalk with yellOlyi,h stains - ' 
\\"hite ehalk with flillt~, b;)th nodules and eontinuo\ls floors, 

talused, but dug fol' 

FT. 

10 
3 
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FIG. 38.-View of Quarry at Steeple Langford. 

1 & 2. Soft white rubbly chalk with a few scattered black flints 
and a layer of such flints at the base 

3. Very hard nodular yellowish limestone, with lllany 
green-coated nodules, passing down into less hard 
nodular chalk - - - - - -

4. Similar hard limestone with nodular chalk below 
5. Course of hard rocky chalk 
6. Rock and nodular chalk, like No.3 -
7. Rock as before, passing down into less hard nodular chalk 
8. Thin layer of grey lllarl 
9. "Massive white chalk seen for 
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FT. IN. 

5 0 

4 0 
4 G 
1 0 
4 0 
4 G 
0 3 
6 0 

About 30 0 
~os. 8 and 9 belong to the zone of l'erebratulina. 

What appears to be the summit of this zone, and its junction 
with that of M. cor(l,?lgnim~?n, is exposed in a quarry at the north 
end of Wishford; the following is Dr. Barrois' account, with the 
thicknesses corrected by lVIr. Bennett:-

Soft white chalk with many layers of flints and several flint 
seams, also joints filled with flint. Echi-nocol".1Js gibbus 

FT. 

and Jfict"(l,stel" cora-nguinmn I" 
Hard yellowish nodular chalk t 
Rather hard chalk with Rcattered flints G 

Chalk which may be in or at the top ot the same zone is ex
posed also in the valley of the Avon between Lower and Upper 
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Woodford. At nIiddle ,Voodford there is a large pit, which has 
heen described by Dr. Barrois (" Recherehes," p. 58), and of which 
~Ir, Jukes-Browne took the following notes in 1890:-

FT. 
:-loft white chalk \yith lllany layer~ of flint nodules, and 

some large ma~"es of flint 2.1 
Bard yellowish nodular chalk with marked plane of division 
~~ 2 

Hard yellowi~h nodular chalk, with nodular upper surfa<.:e, 
enelosing lllany flinto; of irregular shapes and often hollo\\', 
with DOI',IIdfl'lIw iWllO·<a :2 

Dofter \yhite chalk \yith numerous flints and a seam of con-
tinuous flint 10 

The beds ,u'e nearly leyel, with ,t slight inclination to the south. 
Fossils are fairly abuudant, and from the nodular beds and the 
undel'lyingchalkl\Ir.J llkes-Browne obtained a species of ~lIicmstcJ', 
e iduTis clu i'igcru (spines), Echi nocVl'!}s gibb ns, Tereb)'(( t ult~ 
I3cmiglubos((, and Rhynclwncll(~ )'eedcJll3is. Mr. Bennett after
wards obtained ~L specimcn of CoscinujJom illfnJldibnl~t'u)'Jnis. 
It is possible that the upper beds may belong to the ZOlle of 
JIi('J'al3tcJ' cOl'((llyninllJn, in which case the nodular chalk IlHLy 
be regarded as the top of the ~lJ. prc(!cnrso)' zone. 

Another good series of sections in the zones of Holudc)' pl(L1WI3 
and ~'IiC1'((stCl' CO),tcstudinw'ium can be found along the north 
border of the Vale of W'ardour from ~lere to Bm-ford, and have 
been noted by Mr, Jukes-Brownc. 

At the eastern end of the Vale, on the down throw side of the 
fault, the Chalk Rock beds are well exposed in the railway cutting 
at Barford. The descending section here, t,Lken about 90 yards 
from the west end of the cutting, is as below :-

Hard lumpy chalk with scattered nodule,; of black flint, 
very gritty and yello\\'i~h in ,;ome places (1 zone of JI. 
cOl'test~tdin(/ I'i /I In) 

Hard and heavy nodular lime,;tone with yellow ,;tains, 
in two layers, the upper full of green-coated nodules -

Hnxcl yellowi:-;h limestone passing down into lurd rough 
nodular chalk -

Parting of white shaly chalk. 
Hard nodular chalk 
Hard yellowi,;h limestone with a layer of green-coated 

nodules at top, passing down rough lumpy chalk. Tel'. 
cal'nea and JiicI'1l8lel' 

~oft yellcmish-grey marl 
Hough nodular chalk with yellow stains, very hard in 

place~, same fossils 
Parting of buff ,;haly marl. 
Nodular white chalk with two byers uf grey sandy and 

shaly chalk 
H,trd nodular limestone "'ith a layer of green-coatecl 

nodules, probaLly the Lottom Led of Chalk-rock 
tleen for 

FT, Ix, 

12 0 

1 3 

3 .1 

3 

7 u 
U 3 

(j 

6 

3 u 

37 1 
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It will be seen that the zone of H ol(~8te)' plan ([8 or Chalk Rock 
has here a thickness of o\~er 25 feet. The thickness of the oyer
lying lumpy chalk is uncertain, but in the cutting east of the 
bridge 5 feet of it are seen oY8l'lain by soft white chalk with four 
cont~nuous layers of flint, and l.IS tlie upper rock bed occurs at, 
the brLse of this cuttino' there is probably from 15 to 16 feet of 
the lumpy chalk betwe~n, containing JliCl;lsters of the J1. co)'tel:J
twliwwiuln type. 
. Part of the same set of beds is exposed un the south side of the 
valley in the road cutting at the head of the" Punch Bowl," near 
Bureombe. Here the upper beds are llllWh we;Lthered, but the 
,junction w.ith the zone below is cle;Lrly exposed, the seetioll seen 
m 1880 bemg as below:-

FT, IN. 

f 
Harll compact yellow lillle~tolle - - - 1 6 
Hard rough nodular chalk - - - - 10 0 
Layer of soft lllarl. 

Zone of Harclrough nodular chalk with yellow ~tains 6 0 
Hol.1Jlanlis Tough gritty whitish clmlk, "plitting into 
(26 feet). 1 fiattish lumps with lenticular Se'1.111S of gr.eyish 

marl - - - - - - - ahout J 0 
Hard nodular rock with hliO hiyel's of gl'een-

coated nodules; passes into llext - - - 3 6 
Zone of {TOUgh and lumpy white chalk - ;) 0 

7'el'e- Se'l.ln of light grey marl - - 0 ..I 
lm/ tlllina. Bedded white chalk - - - - seen for 3 0 

This section, therefore, gives the base-line which is wanting to 
complete that of the Barford cutting, and shows the full thlCk
ness of the Hal. l)lnn us zone to be just 26 feet. 

The rocky beds of the H. pZ(mgs zone are seen in several of the 
roadways which ascend the fine escarplllent along the southern 
side of the Vale of ,Vardour, as, for instance, in the roads south 
of Compton and of Fovant, a pit by the latter exposing 11 or 12 
feet of them. 

Passing to the Vale of Broad Chalk by way of Compton Down, 
the ontcrop is again passed through about three-quarters of a 
mile north of the yilhg-e, Here Dr. Barrois noted :iO feet of hard 
nodular chalk overlyi~g a bed of Chalk-Rock with green-coated 
nodules, and from the former obtained the following fossils :-

"JIicra~ter cortestmlinarium. Inoceramus Cuvieri ? 
" corbovis? [Leskei] Tel'ebratula semiglobosa. 

Mr. Bennett st~Ltes that it is .also exposed in a quarry west at 
Prescombe Farm, north-west of Broad Chalk. 

It is also fairly well shown in the road-cutting north of 
Homington, where the hard, yellowish baSClllent rock is seen to 
dip northward at al)ont 8 deg., and to be overlain by about 20 
teet of nodular rock, with some scattered flints and another hard 
beel at the top. Frolll this exposure Dr. Blacklllore has obtained 
the following species :-

InocenllllU'; Bp. 
O~tn'a yesiculal'is. 
SlJondylus ~l'inosu". 
Terebl'atulimL gracilis (? var. lata). 

" 
strifLta. 

'fL:l'Cbratula semiglobotiCl. 
Hhynchonelht J'eedensis. 
Holastel' planus. 
Pamsmili<1. centralis. 
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Zone of .Micraster coranguinum. 

The quarry at Middle Woodford, north of Salisbury, has been 
described on p. 54, and the probability of its being opened at the 
junction of the zones of 11Iicntstel' pr(£Cu,l'sor and 111. coran
g-nin-nm was then mentioned. There is a small pit at Little 
Durnford, on the eastern bank of the Avon, which exposes chalk 
with many layers of thin-skinned flints, most of th~m stained red 
or reddish with iron oxide; this is certainly in the zone of 
JJl icrastel' corcmgu'inum, that fossil and Ech inocorys scutatus 
being common here. 

A pit at the north end of the village of Stratford shows some 
25 feet of firm but brittle white chalk, with layers of flints at 
intervals of from 1 to 3 feet; these flints have thin skins, and 
many are cavernous (caries), the hollows showing traces of 
DOl'ydel'ma l'amosa, and some have drusy cavities filled with 
quartz crystals. Several layers, however, consist of solid flints 
stained red or brown by iron. ilIic1'Ctstel' comngui11'um, Galel'ites 
albugale1'tJ-s (Echinoconus conicus), O'idaris hil'udo, Ostrea 8C1Wi

plana, [nocenm/,us 01uviel'i, and other fossils have been found here. 
Another pit on the northern side of Old Sarum hill is about 

80 feet above the floor of the other, and shows softer chalk with 
scattered flints, not in layers, and less numerous. These flints 
have thick rinds, which are banded in layers of white and grey, 
and are solid throughout; the smaller nodules have, in fact, only 
a small nucleus of clear black flint, but both the black and the 
white parts are equally hard. This chalk is probably near the 
top of the zone. 

On Camp Down, between the valleys of the Avon and the 
\Vylye, there is a large pit near the main road showing 25 to 30 
feet of chalk with similar thick-rinded flints, many of them show
ing pink, white, and grey bandings, and being of very irregular 
shapes with knobby or COl'llute projections. Fossils are scarce, 
but twenty species have been found by Dr. Blackmore and Mr. 
E. Westlake, and prove it to be in the .M. comngninMn chalk, 
though it must be near the top of that zone. 

The zone of 111icl'astel' c01'angu,inu?n probably occupies a large 
part of the surface of Salisbury Plain, and is deeply trenched by 
the rivers which traverse that plain. 

VI est of Salisbury it also occupies some space round Quid
hampton, Wilton, and N etherhampton. 

At Quidhampton there is a large pit on the north side of the 
railway, showing between 50 and 60 feet of chalk. Flints occur 
in regular courses, which are from only about 2 feet apart in the 
upper 40 feet, but more distant in the lower part; most of them 
have very thin rinds, some hardly anything but a white skin, but 
a few have a definite white crust; some are large with irregular 
knobby surfaces. The bedding is nearly horizontal. From the 
lower beds Mr .. J ukes-Browne obtained 11ficl'astC1' cOl'anguinu1n, 
El) iasiC1' gibb'lw, Tel'ebntt'nla Cal'?Wt, I nOCC1'al1LUS Ouvie1'i, Lima 
HOPC1'i, and Ostrc((vesicula1'is, and Dr. Blackmore has found a 
few other species. 



The higher part of the zonfl is exposed in a. pit by the Roma~ 
road south of Netherhampton. When seen 111 1890, much <?f It 
was hidden by talus, but above this, chalk with numerous fll~ts 
is seen like that at Camp Do Nn; the flints have the same 'pll1k 
and white chalcedonic layers in the outer crust. Some of the 
usual fossils of the zone have been found here. 

South-west of Salisbury, in the valley of the Ebble river, a 
portion of the central part of the zone is exposed a little Routh 
of Odstock, dipping to the north at about 9°. The chalk is firm, 
white and brittle; flints occur in frequent layers about :2. feet 
apart, and nearly all of them have a band or zone of cloudy white 
flll1t a little distance beneath the external surface, but little or 
no crust. Fragments of large Inocerami are common, but other 
fossils are rare. 

In ascending Clearbury Hill from Charlton a definite succession 
of beds may be recognised from the characters of the flints seen 
in small pits and roadside banks. Thus a quarry opposite Charlton 
Farm is about 30 feet deep in rather hard chalk, with many 
solid plain black and dark grey flints, and fragments of Inoce
T((,mns shells are abundant. A pit about a quarter-mile to the 
south-west shows about 16 feet of chalk, with crowded layers of 
irregular shaped flints about 2 feet apart, and most of them 
have the cloudy white zone above ment,ioned, but some are 
stained red or pink by iron. Higher up on Clearbury flints with 
the same cloudy band are seen, but near the top of the hill they 
have thick crusts like those at Camp Down. 

A quarry in the lower part of this zone, north of U fford, shows 
some interesting features; it is about 20 feet deep in well-bedded 
chalk, which shows a dip of about 2° to the south-east. The 
descending succession is as follows :-

Chalk, inaccessible -
Continuous seam or floor of flint 
Firm solid chalk without flints-
Soft loose marly chalk crowded with flints 
Solid bedded chalk, with few flints - . 
Soft marly chalk .. - -
Chalk with many scattered flints 
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The beds are broken by a slllall fault with an oblique hade and 
a throw of about 4} feet. The flints, both large and small, have 
either a thin crust or none at all. Fossils found were llIic'I'([ster 
comngt~inun~, Grderites albogctlerlls (Echinocon'ns conic·t~8), and 
InoCe1'amtl.s/,nvolut·tts. 

The upper part of the lll. corangniwltm chalk is exposed in the 
rail cutting at Witherington, north of Downton, and the beds, 
which correspond with those at Camp Hill,.dip at 14° to the south, 
and thcre are othcr places on the eastern sIde of the A von. On 
the :vestern side of ~hat river its bas~et surface must occupy a 
consIderable tract of country south of the Broad Chalk valley. 
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Zone oj .Lllfo·supites. 
The chalk of this zone occupies the higher ground in the im

llledia~e neighbourhood of Salisbury, as on Bishopsdown, Milford, 
and Flsherton. 

The lower part of the zone is well shown in the quarrv at the 
whiting-works at Fisherton; this is about 50 feet deep in pure 
soft white chalk; flints are not numerous, but occur sparsely 
along planes which are about 10 feet apart. Most of them al:e 
nearly spherical, from the size of bullets to that of cannon balls, 
are yellow outside, but have no crust, merely the yellow stain, 
and consist wholly of solid black flint. The workmen state that 
they have quarried about 12 feet below the then pit floor, and 
found the same kind of chalk. ActinocCI/lnfW; vert~s, small Kin
genct limCl, and the ovate variety of Echinocorys scutatt~s are 
common here. lJintacl"inns and a few of the brachial joints of 
Jlla'J'St&pites have been found, and twenty-five specimens of 
Ammonites [Haploce?'as] leptophyllus, with other fossils. 

The higher part of the },fa1'snpites zone is exposed in a pit on 
Bishopsdown, which shows soft white chalk, with more numerous 
flints, all having thick white crusts. Plates of M(trsupites and 
joints of Bonr.guetic1·in'ns are very abundant at this locality, and 
a specimen of A.m. [Hapl.] leptophylltts about 2 feet in diameter 
was found in 1893. In that year also a well was sunk at the foot 
of Bishopsdown, and nearly 100 feet below the quarry; Dr. 
Blackmore informs me that the well is 70 feet deep, and traversed 
chalk with occasional layers of flints exactly like those of High
field. The first layer met with was 45 feet from the surface, and 
one Mctl'snpites plate was found in the lower 30 feet. This 
information i~ important, as proving the Highfield chalk to be 
inferior to that of Bishopsdown, and as giving a thickness of at 
least 170 feet for the },fars11pites zone. 

Zone of Actinoca?wtx qnad1'atus. 
The Actinocamctx quad'i'at·us zone forms the high ground to 

the east and north-east of Salisbury, and also the ridge which 
lies to the south of the villages of East and West Harnham. It 
consists of chalk, in which flints are rather more numerous than 
in the },fa1'8upites zone, and in the lower part of it Ojf(tster 
pillt~la is the most common fossil. 

At East Harnham there is a fine quarry worked in two levels. 
The lower one shows about 50 feet of bedded white chalk, with 
only a few scattered flints; the upper level shows about 60 feet, 
with seven or eight layers of flints at varying distances, some
times 6 feet, -sometimes 10 or 12 feet apart, with only a few 
scattered flints in the intervening chalk. The beds are regular, 
and dip at about 2° to the south, unbroken by faults. The flints 
have w11ite crusts, but not thick ones, and are all solid. Fossils 
are not abundant, but, through the workmen, Dr. Blackmore has 
obtained many species from this pit. 

At \Vest Harnham there is another large quarry from 60 to 
70 feet deep. In the hiO"h~r P:trt the ?h~lk is reg~l~rly bedded; 
ill the lower part the beadmg" IS less dIstmct, and It IS probably a 
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lower portion of the zone, for the flints, few and scattered, are 
stained yellow outside. Act. qllA:~dratn is fairly common in the 
upper part, but rare in the lower beds, though it has been found 
in them. 

At Britford a quarry shows about 30 feet of the higher beds, 
bedded chalk, \vith layers of flints at intervals of about 3 feet, 
and sometimes less. 

East of Salisbury there is a small exposure of the lower part of 
the zone at the cross-roads east of Milford, but, though only 10 
or 12 feet of chalk are exposed, many specimens of O.tJc~ste)'pillnla 
can at any time be obtall1ed, with joints of BOlwgneticrin'ns and 
a small RhyncllOneUa (? 1'eedellsis); the shelly plates which are 
usually regarded as the aptychi of Ammonites [Haplocera.sJ 
Zeptophyllns and of Am. [Pachyd ] Portlock i, and which Dr. H. P. 
Blackmore regards as shelly processes belonging to the guards of 
Belentn'itella l(tnceolata and Actinoca11'l,(ux; quadnd,/,ts, have been 
found here as well as at the Harnham quarries, and are certainly 
as common in this zone as are the two characteristic Belemnites. 

Part of the same zone, with flints like those of Harnham, is 
exposed in the railway at Ashley Hill, and in the pit below the 
level of the railway, north of Ashley Hill House, Dr. Blackmore 
has also traced the zone at intervals for some distance to the 
north-east, and has found a piece of Act. q'undTatus thrown out 
of a rabbit hole on the hill known as Thorny Bushes. 

South-east of Salisbury there is a good section of it in the rail
way cutting at Whaddon, which shows soft white chalk, with 
irregular layers and scattered nodules of flint, and occasional 
seams of soft marly chalk dipping to the north at about 14°. 
The flints have thicker white crusts than those of Harnham, but 
there is the same assemblage of fossils. A quarry in the field 
near the railway is about 15 feet deep in similar chalk. 

At West Grimstead, south of the brickyard, there is another 
pit in similar chalk dipping at 16° to the north. It {Jontains, 
however, regular layers of flll1t at 3 or 4 feet apart, many of the 
nodules being large and smooth, with rounded protuberances' 
they have thICk crusts, often pink and agaty, like those of Camp 
Down. Fossils did not appear common, but Act. qU(~dTC~tus was 
found. 

Zone of Belemnitella mlW1'OnCtta. 

This, the highest zone of the chalk in the Hampshire basin, is 
only found round the border of the area occupied by the Lower 
Eocene to the east and south-east of Salisbury. It is exposed in 
a chalk-pit at Shootend, north-west of Alderbury, between the 
branching of the roads to Downton and to Southampton. The 
Chalk here seen is very soft and white, with few flints, those that 
occur consi~ting of sohd ?lack flint withol~t alJ'y crust-merely a 
yellow coatll1g. Belenhn~tell(t mncTonat(~ IS faIrly common with 
Echinocorys scntntus, Terebrcttttla ca'rnw, Rhynclwnellct li1;hb(~ta 
a large variety of K'ingen(~ lima, and other fossils similar t~ 
those found in Norwich chalk. }\fore recently Dr. Blackmore 
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has fuund JI(I[Jus jil1milu8 and pieces of an Ammonite which 
secms to be Am. [LytoceJ'as] JHkesi. 

lk Bbckmore 11Iso sta tcs that in 1893 a ""ell was sunk on the 
tlouthampton road 11boye Shootend and 11 little bcyond the second 
milcstone from Salisbury: it passcd through -

Clay and Sand 
Clullk of the LH. JllIICI'(Jl/lltrr zone " 

FT. 
-12 
- 63 

and lllam" fossils wcre obtained from the chalk which was 
brought up, including ti '"C cxamples of Bel. iiHLcronatu. 

tltill furthcr east, near C};uendon, there are some pits in this 
ZOllC. One ncar the keeper's house in Clilrendon \wods is about 
10 feet deep in soft white brittle chalk, with a few scattered flints, 
which often occur on one p};me, but at distanccs of :2 or 3 feet 
from one anothm·. The flints here differ from those at Shootcnd 
in having an ordinar.Y ,,,hite crust, but just the same assemblage 
of fossils is found. There is another pit in similar chalk near the 
l'Ltrendoll brickY1ucl, and here the beds show a clip of 3° to the 
ca~t. 

Thc tossils frolll the ditferent zones of the r pper Chalk Ileal' 
Salisbury 11aye bcen carefully collect cd and tabulated by Dr. 
H. P. Blackmore,* ,mel the full list will be found in ~Ir. Jukes. 
Brownc's "Jlemoir on the Cretilceous Rocks of Britain, Y01. ii. 

* :-;Ollle Xote~ on the Aptyclii from the Upper Chalk. Geol. J/ag. 
dec. 4, yOlo iii, p. ~J28 (1896). 



EOCEXE. fil 

CHAPTER IX. 

EOCEXE. 

Eocene strata are only presened in the south-east corner of 
our area. The main Tertiary esc,ll'pment enters the district at 
the point where the S,tlisbury and Romsey roads fork; but only 
enters it. for half-a-mile. Eocene strata, howe\"cr, are again 
brought in by a fn,irly cleep s~Tnclinal fold, which runs through 
Alderbury aml Grilllsteall. In this trough three divisions are 
presel'Yed, anel we find He,leling Beels, London Clay, and Bagshot 
Nand. .A. few miles further north, near Layel'stock and 
Figsbury Rillg, there are small outliers of Reading Beds. The 
tot,il are,l Ot the Eocene stritta is, howeyer, only about 7 sqn:U'e 
III iles. 

READIXG BEDs. 

These apparently consist in the main ofreel-mottled clay ahoye 
and of glauconitic s;md or loam below. Their thickness is estimated 
hy }Ir.' Bennett at 50 feet, which is some,rhat less than is found 
ill the Ringwood area, where they ayemge 80 feet. No sections 
are now yisible in the narrow outcrop around Alderbury; but at 
the new house near the second milestone from Salisbury the 
driye was cut through these beels. At the hOllse close t~ the 
junction with the London Clay, bores were put down 40 feet 
through mottled clay, and neal' the lodge green sand with a bed 
of oysters WilS met with. About 10 feet of this sand was passed 
through in sinking a well to the Chalk at the lodge belonging to 
the house close to the high-road. 

Only the lower strata come into our are;1, in the ontcrop neal' 
Brickworth House, and these consist of sand and pebbles, in 
which pits were for1l1?rly open. The slllall outlier near. La\,eT
stock shows tmces of l'Oll-lllott1cll clay awl a pebbly soIl; the 
outlier near Figsbury Ring shows lllany old holes in loam and 
pebbles. It will be noticed that besides the exposures mapped 
as Eocene, much of the" Cla:'-T with Flints" consists of Eocene 
material; it is still doubtflll, howe\"e1', to what extent this 
nl1l.terinl represents outliers of Reading Heds in the immediate 
lIeighbomhood b]'Oke~l up awl weathcred without being tmns
portell to any gn'at (hstance. 

LOXnO)l' CLA Y. 

The London Clay consists of grey or brown sandy clay, nsually 
becoming more sllllCly and pehbly tow;mls the base. It occupies 
an area of 4. or 5 square miles, 1tllll, according to Mr. Bmmott, is 
probably nboqt 150 thick. The lower 40 feet qf this deposit wa~ 
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formerly well-exposed in the railway cuttiner throucrh Clarendon 
Hill, north of Aldel'lmn. Here pi'estwichl:> noted ~he followincr 

• I:> 
section :-

1(, Ochreous flint-grayel. 
h. London Clay; clark bluish grey sandy clay~ with numerous 

Pa IIO}JW(f', 08tl'elf', and Pill il(~. 
r. Large tahular ma"oes : COllll,o,;ed, some of almost a pure 

green sand, and others of a coarse ochreouR sand, with a 
calcareous cement. A fe" rather "mall round flint 
pebbles are scattered through these blocks. 

d. Alternating thin beds of sand and thick beds of mottled 
clay: chiefly red. ' 

"The chalk outcroys lower doml the hill at a depth apparently 
of about 40 or 50 feet bene1lth ' c' ."* 

This locality is celebrated for its fossils, which Ine in a better 
state of pre!';e;'vation than is usnal in the London Clay. :Jfr. F. 
E. Ed Winds here made an extensiYe collection, anel the li!';t giyen 
below is compiled from the Catillogne of his collection, now in 
the British :JIl1SeUlll (~atul'l11 History), the nomenclature there 
use(l being' rctaine(l. + 

Only t~\'O sections are now open in which the London Clay 
can be secn, 1111(1 in each case it is on I\' thc basclllcnt-bed that is 
wOl'ke(l. The Brick\'111'1l at 'Yest ChilllstCfltl shows 8 fcet of 
sandy clay, dipping 'north. .\.t the Chrendon Kiln 8 feet of 
brown clay is seen, and here also fossils haye been lllet with. 

The fossils from Clarendon [ue lll'linly species known from the 
London Clay of other locillities: but among them are several 
species peculiar to this locality. As the list of mollusca i!'; 
of exceptional interest, it is gi'.~en here in full:-

Bullinella uniplicata, SOil'. 
consors, De.,II. 

Scaphander parisiensis, OI'D. 
Soliclula simulata, Sol. 
Acta~on turgid us, De.<h. 
Calyptrc1ea sue~sonien;;is, OTb. 
-- - aperta, Sol. 
S igare tus cla thra tu~, G iii d. 
XI'I tica lahellata, La iii 
--- hantoniell~is, Pilk. 
--- epiglottilla, LOIi/. 

Solarium pulchrum [yaI'. priIllI1eVUlll, 
Edw. :J[N.]. 

Nohriulll histriatum, Desll. 
~cahria [Prc~twichii, ErIlI'. :J[S.]. 
Cingnlillll Houn]oli, E. de jJ{)IIr'.II. 
Tnrritt'llu tercbellata, Lit iii. 
---- Dixoni, Dc.,h. 
Bayania [linigcra, Edll'. :JI:-;.J. 
--- n. ~p. 
l 'crithidIa prll'longa, Dr.<h. 
Enlima [similis, Edll'. :JIN.]. 
Turbonilla Rnlcata, val'. [clarendon-

ensis, Edll'. :JIS.]. 

Cancellaria [elarenclonensis, Edll'. 
:JI:-1.]. 

Cancellaria la;viuscnla, J. Sow. 
----- [tenuiplica, Edu'. :JIR.]. 
Pyrula Smithii, Sow. 
--- [subcostellata, ErIlI'. :JIS.]. 
Pisania curta, SOli'. 

[cymatoclis, Edw. :JIS.]. 
--- [granulosa, Edw. MS.]. 
-- - fJIorrisii, Edll'. :JIB.]. 
--- ftransYersal'ia, Edll'. :\[S.]. 
'1'l'o1'hon tubel'osum, SOli'. 
TYllhis llluticns, S07l'. 
:JI mex plicatilis, Desh. 
:JIarginella gracilis, EIlIl'. 
Yolnta depressa, Lam. 
--- clevata, Sow. 
--- m~ll'icina, J~i'1lrt. 
--- tncorona, ,~()1U. 
Plcul'Otoma acuminata, 1~01l'. 
----- crassa, Edw. 
----- pyrnla ta, Desk. 
------ stena, Edw. 
----- tel'ebralis, val'. pagoda, 

Edu'. 

" Quart.. Jonrn. Geo\. Sor., yoJ. vi.. p. 257 (1850). . 
t Systematic List (If the F. E. E<l ward's Collection of Briti~h Ohgocene and 

Eorelle '-:\!ollu,ra, hy H. B. Newton, 8yo. (1891). 
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Pleurotoma terebralis, val'. pulcher-
rima, Edw. . 

Pleurotama terebralis, val'. re\'olnta, 
Edw. 

Pleurotoma teretriulll, val'. tnbercu
lata, Edll'. 

Pleurotoma gomphoidea, "ar. a"ita, 
Edit,. 

Pleurotoma. tereticosta, \'ar. soror, 
Edw. 

Pleurotoma turpis, Edit,. 
Pleurotoma denticula, "ar. macrobia, 

Edw. 
Plenrotoma Prestwichii, Eelll'. 
. ---- simillima, E,{II'. 
----- monerma, EIlIl'. 

pupoides, Edl/'. 
----- variata, Edw. 
CaRsi~ ~ubstriata, Edll'. :i\If'. 
Aporrhais Sowerbii, Jiallt. 
('orhnla co;;tata. \',11'. [darendon('n~i~, 

Edll'. }[~.]. 
CorhuJa [~nhstriata, Edll'. }[S.j. 
-- Ltl'nui~nlcllta, Edll'. ~[~.]. 
Glyrimeris intcrllledia, SOil'. 

Gari [clarendonensis, Edw. }lS.'I. 
Tellina [clarendonensi~, Ed1l'. }is.]. 
}Ieretrix bellovacina, Desk. 
---- obliqua, De .• h. 
---- orhicularis, JI01Tis. 
---- [ovum, Edll>. }IS.]. 
---- suessoniensis, lI'atelet. 
Protocardium[ nitidulum, F:d11'. }fS.]. 
------ subdiscors (I), 01·b. 
Lncina [clarendonensi~, Edll'. ~[S.]. 
Cardita Brcmgniarti, "ar. clarendon-

ensi~, S. V. Wood. 
A~tarte clarendoDensi~, S. r. TJ'ljotl. 
X uculana partim-striata, S. r. Wood. 
---- prisca, Desk . 
Xucula cnrvata, S. r. Trood. 
Aximea (Pectunculus) decussata, 

J".YOtl'. 

Area tume~cens, 8. r. Trool!. 
:;\lodiola [clarendonensis, Edll'. ~rs.]. 
Pinna aftinis, 8011'. 
O~trea flabellnla, '-iW. III odicell a, S. 

r'. Wood. 
Ostrea pulchm, ,,,'ml'. 
Anomia anomialis, LVIII. 

l1AGSHOT KAND. 

The Bagshot Sand OCCUl'S as an outlier of about two square miles, 
extending from Alderbury to East Grimstead. It consists of 
false-bedded ferruginous sand, with lenticular lllasses of pipe-clay 
and with thin beds of ironstone. The thickness shown is about 
50 feet, but this includes the lower part only of the formation, 
which reaches 200 feet in the district further south, where the 
whole is presel'Yed. liut few sections are now visible, the follow
ing notes giving the principal exposures. 

On the top of Ahlerbury Hill, at the point where the road to 
Ivychurch leaves the Southampton road, a pit shows five feet of 
ferruginous sand with some pipe-clay and ironstone. At the 
south end ot the same hill a Ltrge pit shows about 30 feet of false
bedded ferruginous simd with pipe-clay in the upper part, the 
lower part being much obscured. 

At Whaddon, on the cast side of the rail and close to the high 
road, a pit shows ten feet of brown sand, and this sand is also 
shown in the road cutting'. Another pit, a quarter of a mile west 
of ~West Grimstead and close to the high-road, shows yellow and 
~inkish false-bedded sand with a lenticular layer of pipe-clay. 
1'he sections in the railway-cuttings are now all overgrown, as 
are several pits open at the time of thc original one-inch survey. 
No fossils appear ~'et to hnY~ been found in the Bng-shot Sand of 
our area. 
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(,HAPTER X. 

DRIFT. 

No large area wi thin the district dealt with in this )lemoir is 
obscured by drift, and the drift that (loes occm is usually of no 
great thickness. The classitication of the more ancient of these 
deposits is not altogether satisfi1Ctory, for the exact correlation 
of various outliers at different leyels, haying difterent composi
tions, and yielding no fossils, is by no means easy. To what 
extent the Clay with Flints oyerlying the Chalk i" equivalent to 
the more pebbly Plateau Gravel which rests 0n the Eocene strata, 
remains to be worked out. "\Ve will, howeyer, deal with the do
posits according to their approximate date of formation. 

CLA Y WITH FLI~TS. 

Over many of the higher ridges and plateaus formed by the 
flinty Upper Chalk there is spread a sheet, sometimes fiye or ten 
feet in thickness, of unworn or shaHerod flints in a black 01' red
dish clayey matrix. This deposit is unstratified, rests on a YOl'Y 

irregular chalk-surf,lce, and can often be traced to considerable 
depths as yertical cylindrical masses, which haye sunk into pipes 
01' pot-holes in the Chalk. 

The origin of the Clay with Flints has be'3n much discussed, 
and is probably composite; its age also is somewhat indefinite. 
Parts of the deposit are mainly composed of Eocene material, 
reconstmctecl almost ill place, and d'lting from any period since 
the land last rose above the sea. Other parts are derived in large 
measure from the Chalk below, which has gradually been dis
solved, leaying an insoluble residue of unworn flints mixed with 
a little tine clay: this also lllay be of many diftcrent dates. 
Everywhere, however, there is a considerable admixture of 
material that cannot IHlye been derived from the stmta immedi
ately bolo\\'. '.Ve find in it, for inst:lllce, chalk-flints belonging to 
zones which only outcrop SOUle distance n.way on higher gl'Ollnd. 
It also contains pebbles (lOl'i vod from Tertia r)' deposits, which 
cannot hllye re~tl'd (lirectl." 011 the Chalk in that lleighbourhood: 
on washillg' the lllntrix we obtain a sandy residue consisting of 
rOllll,lc(l grains of q 11 Ill' tz such as could not haye been derived 
frOtll the l:pper Chalk. \\'ind also seems to have played an im
portlUlt pmt in transporting the fino dust which now helps to 
make the lllatrix l'f the Clay with Flints so clayey and impervious. 
Another thing must be taken into aceount in estimating the date 
of all." parti(?l1lar part of the Clay with Fliuts. It is. highly 
proo.tble that ll111ch of the deposit was to some extent dIsturbed 
amlrecon'ltrlletOll during the Glacial poriod, when floods, caus~tl 
by the melting> of the snow 01' by min falling on frozen SOlI, 
co 111 bined wi tl~ creep 01' soil-cap motion fL\l'thcr to mix matcria.l 
which hall ,\lrea(ly been moycd. 
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The distribution of the Clay with Flints is somewhat peculiar, 
and the reasons for its partial and irregular spread are not 
thoroughly understood. A glance at the Mttp will show that 
the chttlk-plateaus over the southern half of our arca are all 
cilpped with sheets of this deposit; whilst in the northern hal( 
including the very level plains around Stonchenge, it is too 
thin and irregular to be mapped, Chalk being usually so near 
the surface as to be turned up by the plough. 

PLATEAU GRAVEL. 

At lcvels high above the present A von, scattered deposits of 
flint-gravel are to be found, and these seem to represent a very 
early and much-eroded Alluvial flat of that river. It is not 
easy to makc out the relations of these various isolated patches 
of gravel around Salisburv, and for an account of the ancient 
valley of the Avon and o(its deserted river-terraces, the reader 
must be referred to the Memoir on the country around Ring
wood. In that Mcmoir is dcscribed the lower A von, with its 
wonderful series of ancient terraces, of which only mere traces 
extend into the Salisbury arca. 

Outlicrs of Plateau or High Terrace Gravel-for the gravel
covered plateaus, where well preserved, are seen to be merely 
parts of terraces bounded by still higher bluffs-·have only been 
mapped in the south-eastern part of our area, in the country 
immcdiately around Salisbury. Two of doubtful extent have 
been mapped by Mr. Bennett on the west of the Avon, opposite 
Old Sarum, at a height of 450 feet above the sea. These now 
show no section; but the pebbly nature of the soil suggests that 
they may be reconstructed Eocene outliers. 

Thc next outlier is one which caps Bishopsdown, a ridge lying 
between the Avon and the Bourne. Thi:;; sheet occupies an 
isolated hill, rising to a height of over 300 fcct abovc tue sea, 
between Salisbury and Old Sarum. No section is visible; but 
Dr. H. P. Blackmore has here found rude flint-implements of 
., Eolithic" type. He has also found similar implements on 
Thorny Down (533 feet), Laverstock (486 feet), Burroughs Hill 
UnD fcet); but, uufortunately, exposures are seldom visiblc in the 
higher outliers, and we cannot say to what extent implements 
found on or near the surface may belong to the gravel, or whether 
this gravel is truly of fluviatile origin. 

The outlier of Plateau Gravel at Alderbury lies at a height ot 
about 320 fcet abovc the sea and nearly 200 feet above the 
griwcl-flat of the river below. The best section is that seen in a 
large pit south-cast of Ivychurch, where Mr. Bennctt notes "12 
to 15 fect of ferruginous gravel in a clayey matrix. The gravcl 
is blcached in the uppcr part, and very ferruginous in the lower, 
and contains thin seams of sand and irregular beds of clay, 
brown at the top and grey and mottled below. Sometimes the 
clay occurs as a thin bed, at others as pipes up to eight feet doep. 
1n th~ no!thern part of the pit the clay seems to end altoget~er." 
In thls pIt, Dr. H. P. Blackmore has found many rude eohthic 

F 
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implements at all levels in the gravel.* Mr. Bennett observes 
that the grayel contains 4 per cent. of pebbles, 3 per cent. of 
chert and ironstone, and 1 per cent. of sarsen stone. The 
pebbles are derived from the Eocene strata, as is, perhaps, some 
of the chert; but most of the Greensand chert, in all probability, 
comes direct ii'om the Greensand of the Vale of Wardour. 

Two out.liers of Plateau Gravel at a somewhat lower elevation 
will be found further to the east, near vVest Grimstead. The 
only remark that they call for is that the material is more largely 
of local origin, the proportion of flint-pebbles rising to 15 to 25 
per cent. vVhen we return to the neighbourhood of the Avon 
and examine the grayel outliers at Standlynch, we notice that 
the proportion of flint-pebbles again falls and the proportion of 
Greensand chert from the Vale of 'Vardour becomes very large. 
It looks as if the gravels near the Avon were true Avon river
gravels, whilst those of Grimstead may belong to a small lateral 
tributary not crossing Greensand; in these latter, chert seems to 
be very rare. 

Though no ancient river-gravels have been mapped at corres
ponding heights in the upper parts of the various valleys which 
combine at Salisbury, yet close search revealed numerous 
partially-worn hagments of flint and chert in fields· 200 feet 
above the N adder, near Tisbury. The exact locality is in the gap 
Ii est of Lady Down, where the gravelly patches are found just 
north of Vicarage Barn (marked on the Map), and again It 

quarter of It mile north-west of the Tumulus. The outliers rest 
on Purbeck Beds at a height of 500 feet above the sea, and are 
now entirely cut off from the Greensand and Chalk by lower 
land; but the gap seems to correspond with an ancient north 
and south valley which runs up to Chilmark Down. The stones 
must have been transported at a time when th0 contour of the 
country was very different from that now seen; but nothing' 
more definite can yet be said about them. Though the field~ 
were searched for eolithic implements, I found none; but the 
locality is worth further examination. 

V ALLEY GRAVEL AXD BRICKEARTH. 

Between the Plateau or High Terrace Gravels and the series 
next to be described there occurs a local break of SOIIle 
illlportance; though in adjoining districts the gap seems to be 
filled up. The valleys appear to have been deepened considerably 
during' this interval, so that the highest of the more modem 
river-terraces in this area is sharply cut off from the terrace 
abon'. The lower terrace, however, is often composite and 
rea <lily separable into an upper and a lower terrace a few feet 
rtptut: in t:tet, in the lower part of the Avon valley, outside our 
arCH, the ,vide gravel flat is often seen to form several distinct 
steps. 

'" See also Re,". n. A. Bnllen, Eolithic Implements. Victoria Institute Tmns. 
1901. 
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As these old fluviatile amI subaerial deposits are well developed 
in each of the va~leys, it ,:ill, perhaps, be most convenien~ t? com
mence our descnptlOll wIth the central area around :SalIsbury. 
In this central area it haupens also that the beds are fossiliferous, 
and in yarious ways noticeable; only here, and at one spot ~n 
Devomhire, have fossils distinctly characteristic of the ArctIC 
regions yet been found llear our south coast. 

Sheets of clean-washed riyer-gmvel a few feet higher usually 
border the low modern flood-plains of the existing streams; but 
above these, on the hill slopes in the immediate neighbourhood of 
Salisbury, occur alternating loams and earthy grayels, which, 
though probably of very similar date, may be of quite different 
origin. The most noticeable of these deposits is that worked in 
the brick-pits of Fisherton, where it occupies the lower part of 
tho spur which divides the Nadder from the Avon valley. Quite 
,en extensive literature has grown up relating to the Fisherton 
pits and their fossils, for the bones oflarge mammals were noticed 
at a very early date, and it was not long before it was discovered 
that among the mammals were several that now characterise 
regions far colder than ours. * 

So lUuch of the brick-earth has now been worked out, and so 
many of the sections are obscure, that it will be convenient to 
quote the account given by Prestwich, who wrote when the pits 
were in full work. His section of the strata in Harding's bnck
yard, as exposed about the year 1854, is as follows :-

FT. 
a. Earth and flint-rubble, variable - 1 to 2 
b. Rubble of angular flints, fragments cf chalk, and flint-

pebbles, in clay and brick-earth - 4 to 6 
('. Brick-earth, mixed with variable masses of flint and chalk

rubble, and containing bones and a few shells, chiefly 
in the lower part - - - - - - - 10 to I R 

d. Light-coloured fine marl, full of well-preserved shells, with 
a few bones - - I to 2 

e. Flint and chalk-rubble, with sand and clay, only upper 
surface exposed - - - - - - - - 3 to 4 (1) 

Chalk. 
" The shells in the brick-earth, c, are here, as in the same drift 

in the other parts of the valley, few and irregularly dispersed; 
but in the underlying marl, d, they occur ill the greatest pro
fusion, in a very perfect state of preservation, and WIth traces of 
colour still di.scernible in some specimens. It is, how
ever, in the brick-earth, c, that most of the bones are found_ 

The water-molluscs, with the exception of the SUI' 

cinea putris, which is abundant _ , forlll a group such 
as we might expect to find in a spring 01' shallow pond rather 
than in a river." 

* Lyell, On Some Fossil Bones of the Elephant and other Animals, found near 
Salisbury, Pl'oc. Geol. Soc., yoL 1, p, 25 (1827); Prestwich and Brown, On a 
Fossiliferous Drift near Salisbury, Qua?'I. Jm<1"11. Geol. Soc., voL xi, p_ 101 (1855) ; 
Blackmore. List of Mammalia from Fishe~ton, Geologist, vol. vi, p. 395 (18ti:3) ; 
Evans, On Some Recent Discoveries of Flint Implements in Drift-deposits in 
Hants and Wilts, Quart. Journ. Geol. Soc., vol. xx, p. 188 (l86~); Blackmon', 
in Stevens, Flint Chips, pp. 12-30 (1870); Evans, The Ancient Stone Implements. 
&c., of Great Britain, Ed. 2 (1 8fl7) , 
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Since Prestwich made the foregoing observations, the mam
malian remains have been most carefully collected and deter
mined by Dr. H. P. Blackmore, of Salisbury, who has been so 
good as to provide us with the subjoined revised list ofthe species 
he has discovered :-

Bos bison Hyama crocuta 
-- taurus, val'. primigeniu~ Lepus nriabilis 1 
Canis lagopus :JIicrotus ni ,alis 
--lupus -- ratticep~ 
-- nupes :JIyodes torquatus 
Ceryus elaphus Ovibos moschatus 
Elephas primigenius Rangifer taraudus 
Equus cahallus Rhinoceros antiquitatis 
Felis le0 Spermophilus erythrogenoides 

Nothing is yet known as to the plants which accompanied 
this Arctic fauna. The associfltedlancl and fresh-water mollusca 
call for no remark, they are all living British forms. With the 
llHtl1lmals were found some bones and fragments of an egg of 
the wild goose (A nser pal'"Ustns), a bird whose nesting is now 
restncted to more northern climes. 

Several otber sections of the brick-earth were formerly visible 
on the north side of the valley between Salisbury and Wilton, 
etnd descriptions of these will be f·ound. in the papers already 
referred to. It will be observed that wherever this brick-earth 
occurs it consists merely of masses of loam intercalated in the 
low terrace-gmyel, with which it is intimately connected. The 
main part of the brick-earth seems to have been a subaerial wash 
of loam and flints, derived from the Chalk and Eocene bluff 
above, and deposited at the foot of the slope. This view as to its 
mode of origin is borne out by the discovery of so many skeletons 
of lemming, coiled up as though they had been smothered while 
hibernating in burrows in this talus-slope. Scree-material of 
similar nature accumulates rapidly under Arctic conditions, 
where vegetation is scanty and the rocks are readily broken up 
by the frost. Such Arctic conditions must have held when this 
group of high northern mammals occupied the south of England. 

The gravels associated with the brick-earth are of wider extent, 
for they occupy much of the flat bottom of 8very valley of 
importance in the district. They also cover sloping terraces at 
cOllsidemble heights aboye the existing streams; but it is often 
ycry llittieult to say to what extent these terraces are of more 
al\cient date, or merely consist of talus which bappens to have 
1,)(lW',1 on gentle slopes aboye the lllain gravel flat. The highest 
or these terraces arc fOllnd near Salisbury, where they have 
:-i"hlnl a good lllany Paheolithic implements, specimens ot 
\Ihich \I·ill be found in the Blackmore l\luselllll, in Salisbury. 
HOlle>; of large mammals are occasionally found. 

The distribution of the Valley Gravels is shown on the Map; 
their composition calls for little remark. They are usually lIlade 
up in the main of broken or little-worn flints and chalk, aronnd 
Salisbury mixed with a considerable proportion of flint-pebbles 
nnd grey wether blocks derived from the Eocene deposits. In the 
v1tlley of the N'Hlcler, 1tnd in that of the Avon below Salisbury, 
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they also contain a noticeable admixture. of Greensand ?hert 
and some Purbeck and Portland chert derIved from the hIgher 
reaches of the N adder. The material of these grHsels is there
fore entirely of local origin, and derived from higher parts of the 
valleys in which it is now found. .., . 

No trace of erratics has yet been met WIth 111 thIS area, and It 
seems probable that the peculiar far-transported blocks seen in 
the middle of Stonehenge were brought hom low-lands, now 
destroyed by or sunk beneath the sea, lying off tJ:e pres~nt 
mouth of the Ayon. An erratic-stmwn plain only l'lsmg a few 
feet above the present sea level seems in quite recent geological 
times to have hinged our south coast, though now it is only to 
be seen on the lee side of the Isle of Wight, especially in the Selsey 
Peninsula; whence P. J. Martin suggested that the igneous blocks 
in Stonehenge were derived.* That these erratics are not merely 
confined to the Sussex coast is proved by the abundance of similar 
fiu-transported blocks under the sea as far west as Tor Bay and 
the Eddystone. Three or four thousand years ago, which seems 
to be the approximate date of the erection of Stonehenge, a belt 
of flat land, like that of Selsey, probably existed under the lea of 
the Isle of Purbeck; and over such a flat, blocks of rock, originally 
from Brittitny, Cornwall, and the Channel Islands, might be 
collected and carried up the Avon on rafts. The larger stones 
used in the building of Stonehenge arc grey wether sandstone, of 
local origin, itnd derived from Eocene strata, probably from the 
Reading Beds. 

ALLUVIUM. 

The Valley or Flood Gravel just described usually descends to 
the level of the Alluvium, into which it seems imperceptibly to 
merge. But this seeming transition in most cases is only appar
ent; for the Gravel is discovered by boring to pass benel1th the 
Alluviitl flat, and to sink considerably below the level of the 
bottom of the cxisting river. 'When the flood-gravel was being 
laid clown, the land stood at a level considerably higher than the 
present, so that the valley-bottom was cut below the depth to 
which any floods of the modern river can excavate. We do not 
yet know the full depth of this ancient channel of the Avon near 
Salisbury; but it may lie fully a hundred feet below the present 
valley-bottom. All that we can at present say is, that the Avon, 
like every river ill England, once had a steeper fall in its lower 
reaches, so t h'lt it could cut a deeper channel. Later subsidence of 
the land, or riRe of the sea-level, pounded h1Ck the water, turned 
the lower pnrt of the valley into estuary and litke, which were 
afterwards silted up by more model'll grawlly and muddy 
Alluvmm. In the region that we are here dealing with, this silt
ing and levelling IIp is nearly complete; in Christchurch Harbour 
part of the ancient submerged valley of the A VOll is still not 
entirely obliterated. 

* Phil. :\Iag .• sel'. 4, vol. xiii, p. :14 (1857). A Bibliography of ~tonehcnge and 
Avebury has ]~teJy been prepared by Mr. W. J. Harrisoll, M{{q. fVilts Arch. 
Soc., vol. XXXll. Reprinted 4to., Devizes, 1901. 
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Little i::; known about the thickness of the Al1llVilllll, aR We 
hlwe no borings in the middle of the old channel. A boring put 
down by Sir Arthur Blomfleld, in 1896, in the Cathedral Close, 
ill order to ascertain the character of the foundations of Salisbury 
Cathedral, showed :-

Alluvial soil 
White clay [marl? ] 
Gravel - -

FT IN. 
- 4 0 
- 1 3 

28 0 

To Chalk - - 33 3 

This gravel is constantly full of water, which stood in the trial 
hole almost to the top of the Clay. 

The Avon being a fairly swift anel clear salmon stream, its 
Alluvium is largely composed of flint-gravel, which cannot 
always be separated from the more ancient river-gravel. The 
modern gravel, however, is usually smaller, and the stones are 
more worn and weathered than in the older deposit, which often 
contains large unworn masses of flint and greywelher, probably 
tmnsportQd by river-ice during the Arctic winter. The 
whole of the alluvial flats have been trenched and turned into 
water-meadows, this irrigation extending as far up the slopes as 
it is practicable to lead the water. Long-continued irrigation, 
and the occurrence everywhere of ancient mill-dams, have so 
altered the alluvial flat as to make it difficult to say what would 
be the character of the land under more natural conditions. 
Probably, however, the difference of water-level would not be 
great, for the numerous snags and fallen trees must have 
hindered the flow almost as much as do the mills, with their 
clean Rtraight channels and mill-races. The water-meadows of 
the A yon clo not appeal' to yield I'uch good grass as do the 
corresponding meadows of the more muddy StOHr. The water
meadows of the Nadder, which bring down a good deal of clay, 
have a stiffer soil. 
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CHAPTER XI. 

ECO~01IIC GEOLOGY. 

Bll ilt! i II,<} J[((tfl·iuls. 

A considerable yariety of building materials is used in tho 
di::;triet; but tho only building stones sent away are those from 
the Portb.nd and Purbeck rocks of the V,llc of 'Yardour. Brick 
is the building materi,t} oyer most of the area, the same parts 
showing also buildings of rough flint, or poor cottages o.f mud, 
or walls of sun-dried bricks made of a sort of concrete of timt and 
chalk. In the Vale of "T'trdour both stone and brick are used, many 
of the modern buildings being of brick, e,en where stone is close at 
hand. Perhaps the most convenient order of dealino- with the 
building materials will be according to geological formations, 
for in this area the different strata yield stone of different 
character, and the geological and economic classifications happen 
nearly tt) coincide. 

1\11'. H. B. Woodward thus describes the Portland and Purbee k 
building stones of the Vale of IVa.rdour* :-

" r n the Vale of vVardour the Portland Beds, known as 'Yardour 
Rtone or Tisbury Stone, are extensively quarried and mined fOl" 
building stone nea.r Tisbury, at Chilmark, Chicksgrove, aml 
vVockley; and formerly there were old quarrie::; at Lower Lawn, 
to the north of Tisbury. 

"The lower beds of the Portland Stone are those chiefly 
worked as freestone-they consist generally of greenish sandy 
limestones or calcareous sandstones, which b6come paler when 
dry. They are used not only for building J?urposes, but for 
troughs, tombstones, &c. The most extensIVe quarries with 
gillleries are those in the Chilmark ravine, where beds ofyariable 
character are present, passing from sandy and glauconitic l:ime
stones into calcareous sandstone. Mr. Hudleston notices how 
full of quartz grains these beds are, but they appear to be 
cemented to a certain extent by opaline silica.t 

"The principal beds are, the TJ·uugh Bed, a sandy lime::;tone 
about 2 ft. thick, considered the bc::;t 'reather-bed, and u::;ecl for 
building stone steps, paviours, &c.; the G)·('en Bed, a saudy anel 
gbuconitic limestone sometimes shelly, and about 5 feet thick; 
the Pi /1/1 (' Y Bed, a sandy and glauconitic limestone, a good 
weather stone, about 2 feet thick; and the Fj·etti?lg Bcd, a very 
sandy and partially calcareous rock, a little over 3 feet thick; the 
thicknesses above given being those of the merchantable stone. 

"The Portland Stone of the Vale of 'Vardour was employed 

* The Jurassic Rocks of Brit!l.in, \~o!. Y. The Middle and Upper Oolitic 
l{ocks . . . . pp. 312, 313, 317. ])[C1II. Geol. SUlTry, 1895. 

t Proc. Geo!. Assoc .. yo!. vii. p. 171. 
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in the Cathedmls of Salisbury, Rochester, and Chichester, in 
Ward our Castle, Longford Castle, Fonthill Abbey, Wilton Abbey 
Romsey Abbey, 'Vestminster Abbey (Chapter House), Christ
ehnrch Priory, Balliol College at Oxford, &c. 

" An upper and oolitic freestone has been obtained by means 
of galleries at Chilmark; it was employed in the west front of 
Salisbury Cathedral, and has lately been again worked." 

The specific gravity of the Chilmark stone is 2'48 (about 155 
Ibs. per cubic foot). The Tisbury stone weighs 153 Ibs. per cubic 
foot, and absorbs 8'6 of its hulk of water. Analysis ofthe "trough 
bed" Chilmark stone giyes* :- . 

Carbonate of lime 
" magnesia 

Iron, Alumina 
Silica -
,Vater anclloss 
Bitumen 

79'0 
3'7 
2'0 

10'4 
4'2 

- trace 

99'3 

In the Vale of Wardom, especially at Teffont Evias, the beds 
of hard smooth-grained Purbeck limestone are worked for 
building purposes, and other coarser beds are used for flagstone 
or rough tiles. 

The sftndstone in the Upper Greensand has been described ftt 
p. 42. It was formerly much used locally, bnt is now seldom 
worked. It has been employed in the building of St. Mark's 
~'ll1lrch, Salisbury. 

Brick ftnrl tile-making depend so largely on the local demand 
that only some of the suitable clays hftve been worked. The 
Lower and Middle Purbeck clays are stiff and marly; but the 
Uppm Pnrbeck and 'Wealden beds contain loams suitable for 
brick-making. The mass of the Gault is stiff ftnd suitable for 
tiles alle! pipes; its upper part is loamy and makes good bricks. 
In the Eocene strata stiff tile-clay occurs in the Reading series, 
anel the London Clay is loamy, especially towards the top. The 
Clay with Flints in other districts is used for brick-making, though 
the In'ides are not verv good; here the deposit is placed incon
veniently for any mai.'k~t, and water is usually deficient on the 
hill-tops. The Valley Brick-earth in the neighbourh~od of 
~alisbmy has been extensively dug, and great part of it IS now 
workcll ont or built oyer. 

Lime. 

As scarcely any of our area is distant a mile from limestone, 
lilllo can ho procured without difficulty. The Purb~ck Beels al~d 
Lower Chalk yield aro·illacoous limestones suitable for hydraulIc 
lime; tho POl:tland limestone ftnd tho Middle and Upper Chalk 
givo ordinary lime . 

• Heport with reference to the selection of stone for bu ilding the new Houses 
of Parliament, 1839. Analysis by Prof. Daniell, p. ao. 
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Ro(~d ... lIeiul. 

Oyer the greater part of the area ±lints gathered from the fields 
or dug in the Valley Grayel or the Clay ,,,ith Flints, are used for 
road-making. Greens,mel chert anel the hard cherty Portland 
beds are, however, extensively uscd in the Yale of 'Yardour. 

Water Supply. 

Over most of the district water is obtained without difficulty 
from the Upper or ~Iiddle Chalk. This water is good, but some
what hard. The wMer from the Portland Beds is excessively 
hard, and owing to the fissured character of the rock, great ca/c 
is needed to a,yoid surface contamination. The Purbeck Bells 
yield a little water of poor quality, and that found in the \ \T ealden 
IS also bad. 

A good supply ot excellcnt water is obtainable from the Upper 
Greensand, ,,,hich often giyes out copious springs at its jUllctlOn 
with the Gault. Such springs will be noticed at Ansty amI 
Swallowcliffe. A small amount of water is obtained from the 
Bagshot Sands. The water found in the Valley Grayel is largely 
derived from filtration from the adjoining river or from the 
Chalk. This source ot supply is not a vcry safe one, for the 
gravel is very porous, and the gravel-flats are largely occupied by 
buildings and farms. 

6132, 
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PREFACE. 

THE country described in this :Memoir includes a huge tract of 
the South Downs, which present a bold front of Chalk scarps on 
the north, overlooking the great IVealden area, a portion of which 
is represented on the map. Southwards the Chalk descends 
gradually to a low level, where it forms a syncline, in the hollow 
of which Lower Eocene stmta are preserved. In this compara
tively level tract the stmta are extensively covered by Pleistocene 
deposits of brick-earth and gravel. Geologically the area h9,s 
been described and illustrated in the works of Fitton, Frederic 
Dixon, P. J. Martin, and Dr. Charles Barrois, and it has been 
partially described in the Geological Survey Memoirs by Mr. 
William Topley and Mr. A. J. Jukes-Browne. 

The original Geological Survey of this area on the one-inch 
scale was made by H. 'V. Bristow and Frederick Drew, and 
published in 1864. The re-Survey on the six-inch scale was 
carried on between the years 1884 and 1890 by Mr. Clement 
Reid, who mapped the southern area, including the Chalk Downs. 
The remaining portion was for the most part surveyed by Mr. 
G. W. Lamplugh in 1899 and 1900, a few square miles near 
:\Iidhurst having been previously mapped by Mr. C. E. Hawkins. 

In the course of the Survey, assistance has been rendered by 
~Ir. William .Hill, 1\11'. J. Vincent Elsden, and Mr. R. M. Brydone, 
while useful records of the strata have been furnished by well
::linkers. 

Geolo[J ical Sn;' VI! !J U (jice , 

28 Jermyn Street, London. 

25th March, 1903. 

J. J. H. TEALL, 

Director. 
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GEOLOGY 

OF THE C01·"TRY NEAR 

C II I C H EST E R. 

CHAPTER I. 

I);TRODlTTIOX. 

Sheet 317 of the Geological Survey )Iap takes in an area of 
216 square miles, all included in the county of Sussex. The 
central part of the district is occupied by the South Downs. 
which stretch from east to west as a wide belt of undulating· 
southward-sloping uplands, bounded on the north by the high 
chalk-escarpment ,yhich oycrlooks the 'V calcl. This escarpment 
l"i.~es to SIR feet at Linch Down. On the south the Downs 
nsll;tlly end in a lower bluff. which marks the position of an 
;mcient partly-obliterated sea-cliff; and below this is a flat 
eo;tstal-pbin, ,yhich extends continuously to the sea. Thes,~ 
are the main features; the details WIll be clescribed further 
on. 

One rivCl' of importance, the Arun, traverses the country 
from north to south, and with its tributaries drains abOlit 
two-thirds of the arc;l. OYer the remitiulllg area most of the 
water escapes by underground courses to the Lavant, or drains 
into sm,tH strenms which reach the sca ncar Bognor amI 
Pagham. 

Within the area lies the ancient town of Chichester, as well 
as Arundel. l\Iidlml'st, Petworth, Pulborollgh, and l1l1merOllS 
yiUages. The position of the settlements has been decided 
mainly by the possibility of obtaining water, no place of 
importance lying on the IYeaId Clay or Gault, nor on the high 
Downs, where water can only be found in deep wells. 

The district is mainly devoted to agriculture and sheep
pastnre; bllt contains also much woodland, beech on the 
Downs and oak in the 'Yeald. There are neither mines nor 
manufactures, and the mineral products raised, consisting of 
ehalk, brickearth, tile-clay, gravel and sand, are almost entirely 
llsed within the district, for building purposes, agTiculture, 
or road-making. 

6636, 



2 GEOLOGY OF CHICHEf'TER. 

The formations represented on Sheet 317 are the following:-

Recent. 

Plei,tocene . 

Eocene. 

Aliu vi um. 
Brickearth . 

. Yalley Gravel and Coombe Rock. 
Hill Gravel and Flint-rubble. 

, :'lIarine. Grav~l (south of th~ Downs). 
Clay Wlt~ FlInts and TertIary drfo1"i .. 

, (overlYll1g Chalk). 
r London Clay. 

• I Pebble Beds. 
\ Reading Beds. 
( Upper Chalk. 
I :'l1iddle Chalk. 

F pper Cretaceous < Lower Chalk. 
I Upper Greensand. (S Ib . 
LGault. I ,e orman. 
( Folkestone Beds.) 
I Sandgate Beds. , 

Lower CretaceoUR ~ Hythe Beds. j'Lm,-er Greensand. 
I Atherfield Clay. 
L Weald Clay. 

Nothing is yet known about the strata which underlie the 
Weald Clay; but as far as can be judged from neighbourino. 
areas, a great thickness of Lower Cretaceous and Jurassic Rock~ 
would be met with. It is not probable that any minerals worth 
mining occur within several thousand feet of the surface. 

A general southward dip is caused by the broad anticlinal 
arch of the 'Yeald, on the southern side of which the whole 
of our district lies. By the destruction and planing down of 
the higher parts of this arch, rocks have been laid bare in 
the north which to the south are buried under a gre3t thickness 
of newer strata; these newer strata form the northern edge 
of the broad syncline known as the Hampshire Basin. Not 
only does this great disturbance affect our area, but we have 
also various minor parallel folds, which form ripples on this 
big wave. It will be seen, on examining the Map, that several 
of these folds occur within the area. An anticline enters the 
district north of StorringLon, bringing up \Yealden strata; 
then it runs westward to 'Yatersfield, where it dies out. 
Another anticline commences near Bury (south of Westerfield), 
and then brings up an inlier of Lower Chalk near Upper 
\Valthalll, and ~(, long tongue of Middle Chalk, which Gxtends 
as far as 'Yest Dean. 'Vest of that point the anticline causes 
two lllore inliers to appear, and then passes out of our district. 
Another sharper anticlinal fold brings up Chalk at Highdown, 
and can be traced westward to Barnham, with Eocene strata 
on either side. Still another commences near the termination 
of this one, but not 111 the same line, and brings up Chalk south 
of Chichester. 

These sharp folds, in the southern part of our area, make, 
howe"er, scarcely any sign at the surface, for they have nearly 
all been planed down to a uniform level and subsequently 
coyered with Drift deposits. The streams which now cross 
the coastal plain follow courses decided by slight irregularities 
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III the surface of the Drift; they quite ignore the anticlinal 
and synclinal structure below. Should the land again rise, 
the deeper trenching of the stream courses would cut across the 
folded strata below, and we should then see a series of yalleys 
which. like those of the Weald, would seem to be independent of 
the hardness or softness of the strata through which they 
haye been GUt. 

6636 
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CHAPTER II. 

"WEALDEN.* 

The Weald Clay, which is the only division of the 'Wealden 
strata occUlT~ng at the surface in the district, is brought up, as 
already descnbed, to the north of Petworth, Pulborongh, and ",Vest 
Chiltington. A tongue of it also appears along the axis of the 
minor anticline north of Storrington; but only the upper part 
of the formation is here exposed. 

The area nnder consideration in this Memoir includes a con
siderable proportion of the tract mapped and described in detail, 
with remarkable accuracy, by P. J. Martin so long ago as lS2S.t 
Martin noted the occurrence of definite courses of sand and of 
Sussex Marble in the \Y eald Clay of this district, by which the 
deposit could be diyided into distinct belts, and although these 
courses may not be quite so regular and continuous as he 
belieyed, his statement of the general succession has been satis
faetorily verified. The occurrence of the sandy horizons has 
sume economic importance, as they are the main source of 
water-supply in the \Yeald Clay tract; and, 1ll0reOyer, by their 
admixture with the clay where near the surface, they change the 
character of the soil from a stiff intractable clay-land which, 
nnder present conditions, will not pay for eultiYation, to a more 
readily arable loam which is still, for the most part, under tillage. 
Hence bcds of this matcrial underlie the major portion of the 
arable land in this part of the \Yeald, while the unmodified clav
belts m'e nearly all under grass or woodhmd. The beds of salld 
are, howC\~er, usually too thin or too much interstratified with 
clay to render the soil actually "light," especially as the clays 
tend everywhere to "creep" and become mixed with the sands 
along their outcrop. The water supply from wells in the sands 
is often tainted with mineral matter in solution, and is usually 
only sufficient in quantity for household supply, but is never
theless important m a district where no other safe source is 
ayailable. 

The uppermost diyision of the ",Yeald Clay, so far as the very 
scanty exposures enable one to judge, is a dark blue shaly clay, 
prohably of the eharacter of the \Vealden Shalcs of the Isle of 
Wight. It wcathers at the surface to a stiffiy plastic brownish
yellow clay, and occupies the lower slopes beneath the bold 
escarpment of the Hythe Beds of the Lower GreCllsand and a 
broatl helt of low grolllld to the northward. Beds of this descrip
tion probnbl!' extend uninterruptedly at the same horizon all 
round the \Y eaden depression . 

• Below this diyision come more silty clays associated with thin 
heds of tine yellow loamy sand or sand-rock, with a little concre
tionary iron rag-stone in places. Owing to the insufficiency of 

* By l~. \\'. Lamplngh. • ,. 
t "A GeoJogicill Memoir on a Part of ,"\ estern Sussex, . 
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the exposures it is not possible to assert \vith confidence that the 
sand-beds are absolutely continuous; they may, perhaps, occur 
in detached lenticles of irregular horizontal extent: but sand 
'yas found here and there at appr<?ximately the same horizon 
from the eastern to the western lImIts of the tract surveved, and 
w.ts apparently thickening westward. r sually only "4 or 5 
feet of sand w.{s visible in any particular section, but the full 
thickness would probably in most cases have been found to 
be greater if the exposure had been complete. The greatest 
depth was noticed a little to the north of the limits of the map 
in a road-cutt.ing at Gunter's Bridge, one mile north of PetlVorth, 
where 10 feet or more of simd and sand-rock with thin clay
partings is exhibited, one seam being exceptionally coarse in 
grain for these beds. In an exposure in a gully i.n the woods 
south-west of Hawkhurst Lodge, three miles farther east (also in 
Sheet 301), the sand-rock contains a seam ofpebblv conglomerate, 
itpparently of locit! and contemporaneous derivati~n, made up of 
fragments of soft sandstone and pellets of day, with fragments of 
hone and wood, resembling the conglolllerate bands often asso
ciated with the sandstones of the Variegated Series of the 
'Yealden in the Isle of Wight. On the eastern slope of the 
"\..rull Valley at Toat 'Vood and To,tt Farm, just within 
the present sheet, it sand-rock of this belt has been dug in old 
quarries, probably as a sandstone. The clay which iml1lCdiiitely 
overlies the sands of this as well as of the lower horizon is 
frequently of a bright red colour. 

The sands generally form a gentle feature along their outcrop, 
but owing to their slight thickness and the above-mentioned 
" creeping" of the clays on the slopes anel consequent mixing of 
the beds, it is rare that sand is visible in the feature, the ex
posures beinR' found usually in gutters and ponds on the lower 
part of the dip-slope, under a thickness of 2 or 3 feet or more 
of clay. The dip, which is to southward, appears, from calcula
tion, rarely to exceed 1 ° or 1 to, and the dip-slopes are therefore of 
great breadth in proportion to the thickness of the bed. Under 
these circumstances it was not found practicable to map the beds 
of sand separately from the accompanying clay and silt, and the 

f)lan was therefore adopted of mapping out approximately the 
imits of the zones wherein the c1ay IS assOCIated with sandy 

intercalations so that they may be dIstinguished from the zones 
in which such intercalations are absent. The same remarks 
itpply also to the method adopted for indicating the horizon of 
the Sussex: Marble next to be described. Difficl~lties were fonnd 
in carrying out this plan towards the nOl'thern edge of the area 
in the vicinity of the Arun, and it remains to be proved by 
further survey whether the divisions can be followed beyond the 
ground alrea(lv mapped. It would certainly be advantageous, in 
studying the (let;tiled structure of the country, if the thick mass 
of the \Yenld Clay could thus be hroken up into zones. 

Below the silty clays with sands, we find in the eastern part of 
the district examined it belt I)f stift: (lnrk, slully clay, probably 
somewhat pyritous, contaiuing a bed of Paludina-limestone or 
~usscx Marble (" First course of Sw;sC'x Marble" c,f' :Martin) 
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ranging from a few inches to 2 feet in thickness. This limestone 
was formerly much dug for road mending and building, and 
lllany of the farmsteads near its outcrop are partly built on it; 
it is still beinl3' raised on a Sllhlll scale in fields one-third of a 
mile north ot Broadfordbridge and near Oldhouse Farm. In 
going westward, howe,-er, all trace of this stone-band was lost 
before crossing the London, Brighton, and South Coast Railway 
at Adversane, and it was not again seen in the area examined, 
though, according to Dr. ~hrtin. it is found west of the Arun to 
the northward of the ground at present mapped. 

This division is the lowest seen in Sheet 317, where it occupies 
11 little triangular tract only about a mile long from east. to west 
itnd half a llIile broad from Routh to north in the extreme north
eastern corner of the map. 

It is succeeded farther north, in Sheet 301, by another sandy 
series consisting of laminated pale blue, dark blue, and grey clay 
and silt with layers of sand and a thin band of calcareous sandy 
tlagstone (" The Second Sand" of ..\Iartin). A good section was 
obtained in this division in a new well at a cottage opposite to 
~hrringdean Farm (Sheet 301), ] lmiles south of Bilhngshurst 
:Station, where it was penetrated to a depth of 40 feet. A seam 
ot' silty clay It few feet above' the bottom. of the well contained 
well-preserved plant-remains, itnd It collectwn of these was made 
from the spoil-heap and submitted to Mr. A. C. Seward, F.R.S., 
who kindly undertook their examination, and determined the 
following forms :-

Weichselia Mantelli, B?'ongn. 
Onychiopsis Mantelli, Bmngn. 
Brachyphyllum sp. (?) 

The tlora of the Weald Clay, as distinguished from the 
Hastings Beds, is imperfectly known, so that the occurrence of 
these plants is of some interest, though they all belong to well
known and widely distributed Wealden forms. The horizon at 
which they occur is probably about midway in the 'Weald Clay 
of this part of Sussex. 

The calcareous flagstone mentioned above is apparently at the 
most only a foot or two thick; it was formerly dug in several 
places between Marringdean Farm and Lording's Farm, but the 
present exposures are poor and scanty. The dIvision as a whole 
was traced westward to the Arun at Lee Farm: west of the 
Arun it p'tssed beyond the northwill'd limits of the ground 
examined. 
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CHAPTER III. 

LOWER GREENSAND.* 

According to the classification of the original Survey Map, 
the uppermost portion of the clayey deposits which occur 
immediately beneath the Lower Greensand escarpment is 
supposed to represent the Atherfield Clay, though definite 
evidence on this point is rarely forthcoming. A few marine 
fossils were, however, found long ago in nodules from this clay 
at the brickyard at Hn,rwood's Green, near Pulborough, which 
serve to differentiate it at this locality from the underlying 
'Weald Clay of fresh-water origin; ani! during the new survey 
some further specimens were obtained from this place. 

There are occasional indications that the clay becomes inter
stra tified with silt and fine sand t.owards its junction with the 
overlying Hythe Beds, and that in passing southward the base 
of the latter strata contains an increasing proportion of clay. 

The broad grounds for the subdivision of the Lower 
Greensand into the supposed equivalents of the Hythe Beds, 
Sandgate Beds, and Folkestone Beds of East Kent, are readily 
grasped in this part of West Sussex, though the exact boundaries 
of the sub-divisions are usually more or less vague, seeing that 
t.hey rest entirely upon lithological differences which are subject 
to much local variation. The Hythe Beds are characterised, as 
in Kent, by irregular calcareous stone-bands among half-indurated 
loamy glauconitic sand, with the local development of impersis
tent layers or concretions of chert. The ca1careous sandstone 
has been much used for building, and the chert is extensively 
dug for road-mending. 

The Sandgate Beds are variable in composition, but contain 
more clay and silt than the underlying ana overlying divisions. 
In the western part of the district a thick bed of sand near the 
base of this senes is partly composed of smooth polished grains 
of brown iron-ore. It has been suggested that th13 ferruginous 
sand might be of some economic value, but the average per
centage of iron. (23%) is p~obably too low to bear the cost of 
carriage. The Iron-sand dIsappears rather suddenly at a short 
distance to the eastward of Serham. The Sandgate Beds are for 
the most part de~ti~ute of f~)Ssils, but a richly f~ssiliferous baml 
was found, conslstmg of Ironstone crowded WIth the casts of 
marine shells, at the top of the iron-sand, in two hitherto un
recorded localities neal' Midhurst (June Lane, and the river bank 
due south of Cow dray Ruins). In the stream-bed east of Amber
sham Common,some plant remains, including traces of Weiehselia, 
were collected from a thin band of sandstone. 

The Folkstone Beds consist of sharp sand, strongly current
bedded, with ironstone concretions and thin partings of pipeclay. 
Exceptin~ the ca~t of a frag.ment ~f wood with teredo-like borings, 
no orgamc remams were found 111 these sands. At the top 0 f 

* From Mr Lamplugh's notes. 
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this division, immediately below the Gault, the sand is indurated 
into a hard grit-band, from 2 to 4 incnes thick, of a deep red 
colour, which is persistent throughout the area examined. 

A comparatively rapid thinning away southward of the 
L.ower Greens~n~l. as a. whole ?auses increasing difficulty in map~ 
pmg the sub-dIVISIOns m workmg eastward, owmg to the persistent 
southerly trend of the escarpments. This difficulty is especially 
felt on the southern side of the anticline near Storrington. 

ATHERFIELD CLAY. 

As already lllentioned, there is much difficulty in obtaining 
definite evidence respecting the Atherfield Clay, which, on 
slender grounds, has been supposed to form a continuous base 
to the Lower Greensand series around the '\ V eald. The best 
exposures of this clay obseryed in the district lie outside 
the margin of the present map, about a mile to the east
ward of its boundaries, ill Sheet 318, in road cuttings at 
\Varminghurst and again two-third . ..: of a mile south of 
\Varminghnrst, on both sides of the (~reenhurst anticline. In 
the latter section the sandy Hythe Beds are seen to pass down 
into clay, at first greyish-brown, but deep chocolate-brown below, 
containi~ small phosphatic concretions, with casts of marine 
shells. The thickness of the clay here apparently does not 
exceed 20 feet and lllay be less. Ill1mediatefy below it there -is 

. dark blue shaly clay, eyidently the topmost bed of the Weald 
Clay, and the junction appears, as usual, to 1e quite sharp. A 
few phosphatic nodules from the marine clay were seen in the 
spoil-heap from a small excamtion at the spring 200 yards 
south-east of Thakeham Church, and at two or three other spots 
on the escarpment farther to the north-westward. Chocolate
brown clay was likewise observed in the same position in other 
localities, both east and west of the Arnn, though without direct 
evidence for its marine origin. Hence it may be regarded as 
certain that the Atherfiela Clay is present throughout the 
area examined, though probably of insignificant thickness. This 
confirmation of the old map in the matter is the more satisfactory 
since the new raihvay cutting at Redhill, in Surrey, .on the 
opposite side of the Wealcl, showed an unexpected absence of the 
Atherfield Clay. The presence of the chocolate-brown clay in 
the Sussex sections is noteworthy, as a clay of precisely similar 
aspect forms part of the Atherfield Clay of the Isle of Wight, and 
was likewise fOlllHl at the same horizon in the new colliery 
shafts at Doyel'. 

HYTHE BEDS. 

This division usually is characterised by the presence of 
irregular stone-bands in hassocky loam. Sometimes these are 
large, ronnel, or tabular discontinuous concretions set in sand 
or soft sandstone-indeed, they would probably always appear as 
leuticles if we could see large sections. There are also limy grits, 
;md iu places, e:-;pccially between Petworth and Bedham, irregular 
tabular shccts of ehert, ananged one over the other in brokeu 
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columnar fashion. Fossils are rare throughout. A few lima::: 
'were noticed in the hassock, and occasionlll obscure casts of bi
valves in soft sandstone; in one of the chert-pits between Brink
sole and BOO"Hor 'was a laver containing many badlv preserved 
shells, but n~ cephalopods \Yere seen. The presence O'f clay illter
stratified with the division is shown by the ~Iidhurst 'Waterworks 
boring, and there appears to be a similar lenticular band of fine stiff 
unctuous clay 300 yards east of Little Common near Tillington. 

The Hyth~ Beds contain no workable chert east of the Arun, 
and the sandstones which characterise their lower portion in 
the Pulborough district and farther westward are scarcely 
recognisable in the ea.stern part of the area examined, where 
the beds consist of sllmly "h'lssock" with concretionary lime
stone in lenticnlar masses and sheets. 

It is unnecessary to describe the numerous exposures of Hythe 
Beds, which can be examined in various natural sections and 
in quarries opened for the stone; we will merely mention the 
leading sections which illustrate the character a.nd thickness of 
the deposits. The best section of the base is seen in the bank 
on the east side of the pond belonging to the Upper Mill at 
Little Bognor near Fittleworth. This shows :- Feet. 

Hard sandstone with hard sand" (cherty and loamy) - 5 
Soft ::;andstone, rather harder than below - 3 
Soft sand and sand-rock nearly black, banded vale 

and dark yellow and green - 3 
Lumpy, irregular, nodular sandstone, yellow etnd dark 

green, ferruginous in places; with soft loamy 
lenticles between the beds - . 8 

Flaky hassock, with dark green, almost black, sandy 
layers, and impure loamy sandstone .) 

_ passing into 
1 eHow loam 2 

passing into 
Greyish and yellowish loamy clay 

In similar beels just below the road, casts of shells (Avinda, 
etc.) 'were noticed in a dark-~reen hassock, which also contained 
small soft brown bits like decomposed phosphate or bone, and 
rounded pebble-like bits of sandstone like neighbouring beds. 

Another exposure, which exhibits the whole of the Hythe Beds 
in one section, will be found in the road-cutting at Jackets Hill, 
a place exactly at the eastern limit of our area and immediately 
north of Hills awl Hamper's Farm. The section, which is 
worthy of more detailed study, is as follows:--

Like beds helow, but haKsock predominates (ex- Feet. 
tends to the cottages at the north foot of the 
hill, where Sandgate beds probably come on) 50 to J3 

Alternations of concretionary sandstone in badly 
stratified masses, with loamy hassock; sand- . 
stone vredominant - - - - - 40 

Hassocky sandstone with pyrite" 4 
Knotty sandstone - - - 1 
Rather clayey sand, as below 7 
A hand of concretions 3 feet in diameter, con-

cretionary sandstone bands and hassock (not 
well seen) - - - - - - - D 

Rather clayey sand, harder than that Lelow, with 
soft sandstone with dark mottling - - -1 

t5Qft loamy greensand - 3 
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At south side of hill at foot of bank, obscure: 
probably clayey loam. Below this water 
oozes out, and the base of the Hythe Beds is 
mapped about 12 

130 

The aboye section illustrates the eastward thinning of the beds, 
for only three and a half miles to the west-north-west, at 
Pulborough, a well sunk in 1900 by )Iessrs. Duke and Ockenden 
proYed nearly 181 feet of strata Lelonging to this division. The 
,"ell is in the corner of the field adjoining the churchyard, 
north-east of the railway st,ltion, on the top of the hill, close 
to the brickyard and s<lndpit. The well starts near the top 
of the Sandgate Beds: the clip is rather steep, apparently 
10' or 1,')0, the thickness therefore ~will be slightly ex
aggerated. The descriptions giyen below are misleading, the 
loamy Hythe Beds (hassock) being called "clay." The 
Sandgate Beds prohlbly extend to 83 feet, and all the rest 
is Hythe Beds: the bottom s,mdstone being probably that at 
the base of the Hythe Beds. The well-sinkers section shows:-

Thickness. Depth. 
Feet. Feet. 

[DUff Well] 30 
~ ,I :-;alld-rnek I< 38 
balld~ate Bed~ -l:-;,md with clay 40 78 

Hard clay - 5 83 
,Clay and greensmd 14 97 
I Clay - - - 22 119 

I Clay and '>ll1tI - - 1<0 199 
Bock and clay - - 19 21R 

Hythe Be(b .' Clay and ~all~l - 3 221 

I 
Rock and clay - - 4 22.') 
:-;and and clay - - - :3 228 
Hock and cla)- - - - - 1.') :24:3 
\,Layer~ of hard amI soft ~alHl-ro('k 21 264 

EYcn if the Llip amounts to 15", the thickness of these strata 
will only be reduced by about 4- per cent. 

SAXDGATE BEDS. 

This diyision forms a wide belt stretching nearly across our 
district, from Trotton, through JIidhurst, Fittleworth, Pulborough, 
,md Storrington. The Sandgate Beds, which are best exposed 
in the numerous sections around Pulborough, are characterized 
by the beds of silt and cLly which they contain; but they 
include also some beds of s1md which, in isolated sections, can 
scarcely be distinguished frOUl the Folkestone Sand, particularly 
in the north-eastern part of the ground. The fossiliferous nodules 
which have long been known to occur in this division in two or 
three localities in the Pulborough district were observed in a 
few other ulll'ecol'lled placcs ,tlso, as mentioned below. The horizon 
on which these fossils occur is probably roughly equivalent to 
that at Miclhurst, described in UW9,* though the localities seem 
to have few species in common. 

* :-;ullllllary of l'rogre~~ for It-iUU, pp. 13ti, 137. 
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The S,mclu,tte Beds are so v,lriable, and their upper and lower 
limits are ~~ indetinite. that the most convenient method of 
description will be to l~18ntion the principal sections in order, 
passing from west to east. 

N ear the western limit of our area, [md thence eastward 
to a little beyond Selham, the lower part of this group is R: well-. 
characterized coarse sand, full of polished flakes and grams. of 
deep brown iron-ore. As this makes a good feature, wIth 
featureless oTound below it was at tirst tftken as the base of the b - , 

division, though the old map seemed to luwe taken a sOlllew~lilt 
lower line. This bed disappears suddenly east of Selham, bemg 
last seen below Barnetts .JIill, where it seelllS quite strongly 
developed. In connection with it, the itbove-mentioned fossIlI
ferous ironstone nodules were fonnd in J nne L,me, .JIidhurst, and 
in the river-bank at King J ohn's ~W,tlk, i\lidhnrst. The fossils 
are bivalves and univalves in the state of casts. The following 
forms have been named by ~Ir. E. T. ~ ewton and Dr. F. L. 
Kitchin:- v 

June Lane, Midhur~t : 
Cardium 'I Tellina (Linearia) cf. concentrica, (Z'Oru. 
Corbuht ~triatula 1 SUIl'. "\.cta,on ~p. 
Cythenea ? ,\p01 rhais 8p. 
Nucnlana ~capha, (['Oru. Trochus 1 

River Bank due south of Cowdray Huins : 
Cncnlla;a 8p. 
Exogyra.sinnata 1 Sow. 
N ucnlana 8p. 
Trig-onia, 8p. (group" ScabnB "). 

Actmon sp. 
Ceri thiul1l 1 
Trochus sp. 

Probably the dying out of this bed southward is indicateu in 
the banks of the stream south-cast of Ambersham ComIllon, 
where a curious mixture of clay with coarse greenish grit passing 
iuto iron-grit is seen at the north-east corner of the Common. 
F,trther south occurs a band of soft micaceous sandstone 
associated with clay, and in this sandstone are bits of ferns and 
other plant remains, perhaps including fragments of Weich8eli(~ 
Jlrtrdelli, Brongn. Perhaps the southern trend of the scarp 
brings the marine iron-grit to an end; for, as already observed, 
there is a general tendency for the Lower Greensand to thin out 
in that direction. 

Below this iron-grit, everywhere east of the place where it 
crosses the Hother at Midhurst, there is a band of clay or clayey 
loam. This clay was included in the 8allugate Beds in the old 
m,tp, and w.as probably the reason for carrying their base below 
the lron-gnt rarther west. I (G. 'V. L.) should have preferred 
t? leave this loam and clay with the Hythe Beds, as it is 
hthologic~l1y not much removed from them, and these beds 
u~doubtedly do include lenticles of clay, while the coarse iron
Fnt betokens a change of conditions. I therefore held to the 
oa?e of the grit a? long as it lasted; but then found that on 
gomg farther cast lt was necessary to go down to the bottom of 
the clay to make It division between the Sandgate and the Hythe 
Beds. Thou, working backwanls, a line was drawn bclow this 
clay up to ~Iidhurst, and this line is that adopted on the 
map. A brickyard has been opened in the lowest bed of clay 
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at Fittleworth; but there, according to the old map, it had 
been included in the Hythe Beds. 

The upper parts of the Sandgate Beos in the Midhurst area 
are silts and black silty mic,lceous clay, ~wi.th fine "'hite sand and 
sand-rock. The top of the highest clayey band has generally 
been taken for the diyision between Sandgate and Folkestone 
Beds; but the line is not satisfactory, as all these clav beds are 
lenticular, and it is quite likely that they invade high~r or lower 
horizons at different places. ~ 

In the eastern part of our area the best sections of Sandgate 
Beds are seen in lanes near Pulborough; at Park Farm, Pul
borou~h Church; and ~Iarehill (" Codmore Hill," of the Weald 
MemoIr and old map, is at Hesworth Common, near Fittleworth, 
and is not the Codmore Hill north of PulborOlwh). The base 
seems to be clayey loam passing down into the hassock of the 
Hythe Beds. Aboye this comes fine sharp sand or sand-rock, 
white or stained red or yeHOlv, making a bold feature east of 
Pnlborough, and quarried for moulding sand. Apparently there 
nre sometimes two beds of this sand, with a silty or clayey part
ing containing fossiliferous ferruginous nodules. Then follow 
dark shaly silts or muds. The lower clays and silts have large 
irregular concretions of ironstone, crowdetl with casts of marine 
fossils-TI'igolli{/, TeI'eb"(ifnl(l, etc. Fossils were noticed ill 
these in a wood north of Park :Mound (good): in the railway 
cutting (wry llluch weatherell): on the west side of Gravel-pit 
Plantation nenr ~\Y ashingtoll: at the edge of the wood east of 
Threal's Farm (one mile south of 'Yest Chiltington); and at 
Hurston Place. The best 10c,11ity for collecting the fossils is, 
however, the lane mentioned in the 'Yeald ~Iemoir, at Park 
Farm, near Pulborough, and in the adjacent wood. 

FOLKESTOXE BEDS. 

The sand and sand-fOck immediately below the Gault is 
generally sharp and clean. Sometimes it is white and of very 
tine quality, sometimes yellow and rusty, and sometimes, 
especially in the upper part, crimson in patches, apparently 
fi-om the decolllposition of some iron nodules. It often be
comes coarse, with pebbles up to a quarter of an inch .diameter 
or larger in the lower part, and it is wonderfully cross-bedded. 
No fo~sils whateyer haye been seen in it in this area, except a 
tnwe of wood in the" Cal'stone " (concretionary ribs of ironstone) 
by which it is tranl'sed. Ju::;t below the Gault it is cemented 
illto a hard band, two to four inches thick, of a crimson colour 
and coarse gritty toxtnro, which forms an excellent line of 
diyision, and is generall~' traceable. This is dug occasionally 
for walling. Like the other diyisions of the Lower Greensand, 
the Folke~tolle Beds become thinner as they are traced towards 
the south-east. 
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CHAPTER IV. 

SELBOR~IA~ (GAlTLT A~D UPPER GREENSAND). 

The two divisions which are described in this Chapter haye 
been O'rouped together by :\11'. Jukes-Browne as one formation, 
named the Selbol'l1ian; for the old lithological diyision between 
Gault and Upper Greensand is not one t.hat can be used in a 
classification depending on time. The line between the clayey 
Gault and the sandy Upper Greensand varies its position so 
oTeatly, that the 'Upper Gault of the east of England finds 
its true equivalent in the sandy strata known as the Blackdown 
Sands in Deyon, and the Gault of Dorset represents only the 
Lower Gault of Folkestone. 

The palreontological zones into which the Selbol'l1ian is 
divided are as follows :-

r pper Greensand ( Zone of Pecten aSl'er. 
and Ppper Gault 1. "" Ammonites rOlitratus. 

f "" ----- lalltu,;. 
Lower Gltult . . "" ----- interrur.tlls. l "" ------ mammlliatus. 

It is doubtful, howeyer, whether the lowest zone, that of 
AmJllonitl's llwJnmillat1~8, is represented in 'Vest Sussex. 

GAULT. 

The Gault stretches across West Sussex, forming a strip of 
low-lying heayy clay hnd, often a mile in width. Though so 
well represented in our area, but little can be said about it, for 
sections in this slippery clay are rare, ancI S0011 become obscured, 
and few wells penetrate it. to any great depth. Its total thick
ness is probably between 200 and 300 feet. The part just above 
the grit-band meutioned in the last. Chapter as occurring at the 
top of the Folkestone Sanels is often seen; but above this there 
are few sections. Mr. Lamplugh noticed grit-grains mixed with 
the clay for a few inches above the base in the excellent section 
at Fittleworth station, and Mr. Jukes-Browne gives the following 
accollnt of the basement-bed, with which, it will be obseryed, he 
classes the thin grit:- * 

" How far the greensand with phosphatic nodules which forms 
the base of the Gault near Petorstield extends to tho east is not 
yet known, but it doos not roaoh to the outcrop south of Mid
hurst, for there, iwcording to the hte 1\11'. Topley, the junetion of 
Gault and Lower Greensand is a rod ferruginous grit wit.hont 
fossils 01' phosphate nodules. 

"Topley obson-ed tho same bed of red grit farthor oast, 'in 
the road west of Bl1l'ton Church, south of Pet worth station; and 
also in many of the streams which cross the outcrop of the Gault, 
the h~.rd grit often making a small £.11 in t.he stream-bed.' 

* Cretaceolls "Rocks of Great Brit·ail\, vol, i. r. 114, 11em. l~eol. Survey. 
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"Still farther east, at Sullington, between the valleys of the 
Arun and the Adur, the same red grit is seen again. Topley 
says, 'an excellent section is seen in the road north-east of 
Sullington, where the grit is [between] two and three inches 
thick. Here the land below the grit is clayey for a few inches.' 

" This junction, as seen in a cutting on the railway, near Lower 
Fittleworth, was described in 1869 by Mr. G. Maw," who gives 
the section as follows :-

FIG. 3. 
FIG. 4. 
FIG. 5. 

FOSSILS OF THE GAULT. 

FIG. ~. 
Jj' w. 5. 

Ammonites [Hoplites] interruptus, BT11-g. 
Ammonites [Schloenbachia] rootl'll.tus, Sow. (reduced). 
Inoceramus concentricu8, Park. 

- - _.----- - --- _ . . -- - --- ---- -
* Geol. ~htg . "01. d. 1'. 335. 
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Ferruginous gravel -
Gault clay - - - - -

Ft. In. 
- .J or 6 0 

10 0 
o -± Hard blood-red ferruginous conglomerate - - -

Yellow and orange ~and;; which for a few inche~ below 
the conglomerate are stained hright hlood-reel - - 30 0 

lb 

"He describes the conglomerate as maintaining a uniform 
thickness of about four inches, and as abounding in small quartz 
pebbles, which are held together by the ferruginous matrix. He 
also remarks that the line of demarcation is remarkably definite, 
'no gradation existing between the red stratum and the Gault 
above, or the Lower Greensand belmv.' 

" Mr. R. 1\1. Brydone informs me that about 20 feet of Gault 
clay can now be seen in this cutting, and that fossils are very 
scarce and badly preseryed, beillg all converted into selenite, 
which is very abullaant; ,llso that the clay is much cracked, the 
sur:fi.ces of the cracks being coated with rust-coloured films. . 

"It would appoar, therefore, that throughout the west of 
Sussex to the yalley of the Adur the base of the Gault is formed 
by the grit-bed aboye described, which is not associated with any 
layer of phosphatic nodules. In this region, therefore, there does 
not seem to be any represent"tive of the zone of Ammonites 
mmnm illatn;J. 

" Mr. Brydollo also connnunic,ttes the following information 
(1898) :-' Some years ago a well was sunk near the base of the 
Gault north of Grafi'ham, the surface of the ground at the spot 
being about 30 feet above the horizon of the red ferruginous grit, 
which is visible in the bed of a stream close at hand. The clay 
brought up yielded Inoce1'((nms concentTic'~8 (Fig. 5) in abund
ance, and a few other fossils.' The fossils were sent to me by 1\Ir 
Bryclone, but few were specifically determinable; they include 
the following :-

"Hamites intermedius or )T atica clementina? 
attelluatus. Scala ria sp. (young). 

Hamites punctatu~? Inoceramus COllcen tricus. 
Aporrhais carinata. Leda phaseolina? 
Bellerllphin<l, milluta. And other obscure bivalves." 

From brickyards in tho (fault at Pitsham near l\fidhurst, and 
at Hardham neal' Pnlborollg'h, Mr. Lamplugh obtained fmO'ments 
of Ammonites (probahly all A1nm.i;1te~'l'nptn8 (Fig. 3) and 
ntrieties) but no other fossils. 

Tho mid(Uo part of the Gault is thus described in To:eley's 
:.\Iellloir on the Geology of the 'Veald (p. 150) :-" In the mlhvay 
cutting just. west of Elstead Station there is a section of Gault 
which appears to be about in (he middle of that format.ion. The 
clay.here contains some hard calcareous nodules with pJ.1osphate 
of hme. In the road between Burton and Duncton just. 
opposite the road which goes off to Bound House, there ar~ Some 
nodular masses of clay-ironstone with the concentric structme 
exceedingly well marked ...... This section also is about the 
micld:e ?f the )Gault.". The well in Bignor Park, mentioned by 
l\Iartm III 1821-1 as 70 feet deep, was also most probably in these 
beds, though we have no details. 

The upward limit of the Gault is very obscure, there being few 
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exposures of the higher part. The only good section now visible 
is one noted by }Ir. Lamplugh, in the ~ road north of Sutton. 
The maIm rock here seems to become more clayey downward 
ftnd to pass into a rather sandy micaceous brown marl, which 
becomes more and more clayey below and merges into Gault. 
The clay about the junction has a brownish tint when weathered 
(and perhaps when ~resh), and when dry has a whitish look. 
Lower down the clay IS pale blue and very stiff, getting darker 
blue towards the base of the Gault. For proof that Upper Gault 
with A'n?nonitcs /'08tl'l1tU8 (Fig. 4) exists in '\Yest Sussex below 
the base of the malmstone we are indebted to }lr. Bryclone, who 
found fossils in the marly clay forming the bed of the streftm 
just below Duncton old church. These included A mTlWnitc8 
?'osti'atns, Belemnitcs ?II in imns, Plicat-nla pcctinoides, Pollicipcs 
!Jl(~ber'? and also the following among specimens sent to ~fr. 
Jukes-Browne for identification: C'arclit(( te?micosta, Nnctdan(( 
n'bl'Uye(1)((, and FUStDS. 

UPPER GREEX:->AXD. 

The earliest description of the Selbol'llian in Sussex was that 
by P. J. Martin in 1828. He diyided it into G(dt and Malm, 
subdividing the latter into "Greensand" and "Malm-rock."* 
He says, "This [chalk] lllarl passes into the maIm, of. which 
there is a thin stratum [i.e. Chloritic Marl], succeeded by it bed 
of greensand, and that by the more indurated maIm rock, which 
again gradually resolves itself into the galt clay beneath." 

Speaking of the bed which he specialises as "the greensand," 
he says "the best sections of this stratum are to be found at. 
SteYI{ing, Amberley, Bury, and Barlayington .... at Bury it is 
from 15 to 20 feet in thickness." 

He continues thus :-" The great. body of the maIm rock next 
succeeds, adyftncing in a bold and broad talus [1 terrace], at the 
foot of the chalk 'hills, and it is worthy of remark that it is 
broadest on the eastern side of every remarkable salient angle of 
the Chalk. ... The wells are from 30 to 100 feet, and the 
average depth of the whole stratum may be about 70 or 80 feet. 
.... In Its most indurated state the maIm rock has a 
conchoidal fracture, and is of It bluish colour when fresh broken, 
but becoming white by exposure to air." . 

Though small exposures of the Upper Greensand are common, 
few of thclll call for special note. "\Ve will therefore merely 
mention the best that are met with when this rock is traced 
along its outcrop from west to east. . 

Elsted, according to 1\11'. C. E. Hawkins, is on the maIm rock, 
which may clip t.o the north at about 5°. Sections of the sandy 
marl, which occurs at the base of the Upper Greensand, lllay bfl 
seen in the road-cutting leading down to Elsted Green, and also 
at the foot of the scarp north of Elsted; it is also exposed north 
of DidlinO'. At Gravets a shallow well has been dug in this 
sandy m~rl, which lS here sufficiently firm to stand without 
steining. The water in this wcll is held up by the underlying 
Gault clay. 

* lTeo\ogical Memoir of a part of Weste),11 SIl,sex, p. 18. 
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The sections around Cocking are interesting, for .ius~ east 01 

Sunwool Farm the passas-e from Greensand to Chalk. IS seen, 
glauconitic marl (base of the Chalk) passing down. mto .soft 
alauconitic greensand The beds below are also seen m Y<11'10US 

~ections in the village'; and Mr. Gould saw the lower beds well 
exposed in a drain at Sun wool Farm. The maIm tGlwards the 
bottom becomes a soft and rather sandy rock, with mica, ulti
mately passing mther suddenly into ,1 nlarly clay, green mottled 
with red, which changes insensibl.Y during the next 20 feet into 
Gault. 

In the neighbourhood of Cocking, etnel perhaps continuously 
eastward to Beachy Head, a lllarked bed of dark-green glauconitic 
sand or sandstone occurs just below the junction with the Chalk. 
This sand is constant Iv exposed in the deep ., hollow-ways" which 
descend the scarp; aild though it usually contains only a 12001' 

fauna, its marked lithological character makes it a useful ho1'1zon 
and easy to trace. :\Iany of the springs are given Ollt at the 
junction of this bed with the maIm rock, and not at the base of 
the maIm rock. 

At Gratt11tUll, a quarry slmth of \Voodcut Farm shows 10 feet 
of massive maIm rock, dappled with clayey streaks and contain
ing pyrites. South-east of this quarry the junction of the Grc8n
sand with the Chalk can again be seen, though not clearly. 

Near Barlavington, Sutton, and Bignor, where the outcrop 
turns southward, numerous exposnres both of the greensand and 
maIm-rock will be found, but neither the junction with the 
Gault below nor with the Chalk above is clear. 

On the east side of the Arun a good exposure of the malm
rock will be seen in the river-cliff at Amberlev: and south of 
Storrington this rock has been lately quarried 1;1' a new house. 
It will be noticed that in this part of the outcrop the springs 
are given out high up, apparently from a loose glauconitic sand 
only a few feet under the Chalk. 

One other section within our area deserves special mention. 
A well made in 1844 at Gatehouse's brewery, Chichester, is said 
to have penetrated 84 feet of" MaIm Rock containing Iron 
Rtone Nodules," this rock being first reached at 970 feet below 
the surface, and 790 feet below the base of the Eocene deposits. 
It is difticult to understand this old section (which ,rill be 
again referred to): but I cannot help doubting whether the 
Lower Chalk was really penetrated, and whether the so-called 
maIm rock was not merely part of the Chalk Marl. The Chalk 
Marl along part of the escarpment of the South Downs is silty 
and micaceous, and might readily be taken for maIm rock, when 
obtained blue and unweathered. If the Upper Greensand was 
really met within this well, the Chalk must be exceptionally 
thin. The new boring- at Goodwood (see p. 32) leaves little 
doubt that. t.he Chalk ~at Chichester must be more than 1,000 
feet thick. 

6036. c 
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CHAPTER V. 

CHALK. 

:Vlore than a third of the area under consideration is occupied 
by Chalk, which forms the undulating hills known as the South 
Downs. These rise at their escarpment, which overlooks the 
Weald, to 700 or 800 feet above the sea, the highest points being 
found towards the west, where Linch Down touches 818 feet, 
and Duncton Down reaches 837 feet .. The South Downs fall 
naturally into two divisions, separated by the transverse valley 
of the Arun. East of the Arun they are mainly bare and tree
less; west of the Arun beech-wood and copse form a conspicuous 
feature. This difference, however, is probably due more to 
climatic than to geological causes, for as the area of high down 
becomes wider, the average height greater, and we travel west
ward into moister regions, the hills are more and more often 
capped with mists. 

The Chalk out of which these hills are carved is of consider
able thickness, bcing more than 1,000 feet at Goodwood Park, 
though a good deal of the upper part of the fOTIllation had been 
destroyed before the overlying Eocene strata were laid down. 
Though the whole of this thick mass would ordinarily be spoken 
of as " chalk," yet a cursory examination is sufficient to show 
that it falls naturally into three divisions--a white soft Upper 
Chalk with lllanv flints, a white hluder Middle Chalk without flints, 
and a grey mariy Lower Chalk, which last shows trace of a divi
sion into firm greyish-white and grey chalk above and marl below. 
Besides these three lithological divisions, and some subordinate 
beds of varying texture and hardness, which will be described 
further on, the Chalk is divisible into a series of zones, each 
characterised by a peculiar assemblage of fossils, and these zones 
remain constant over wide areas, notwithstanding considerable 
lithological changes. Pal~eontological zones, however, have not 
hard and fast boundaries, but tend to, merge one into another 
as the fauna changes slowly with the lapse of time. In this 
particular area no sudden breaks have been noticed in the 
Chalk or in its successive faunas. The zones now commonly 
recognised in Britain are as follows:-

The 

Zone of Ostrea lunata 
" Belemnitella mucronata 

Actinocamax quadratus 
l\Iarsupites testudinariu8 

" :'I1icraster coranguinum 
:'IIicraster.cortestudinari um 

" Holaster planus 
Terebratulina 

" Rhynchonella Cuvieri 
" Holaster subglobosus 

Ammonites varians 

1 Upper Chalk. 

J 
} :'I1iddle Chalk. 

} Lower Chalk. 

uppermost two of these zones, however, and the greater 
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part of the next one, that of Actinocamax qU(ldmtu8, are 
believed to be missing in this part of Sussex.* 

LOWER CHALK. 

On following the outcrop of the Lower Chalk from west to 
east, we find that it forms a belt of fairly uniform width through
out our district. This belt lies at the foot of the downs, or 
forms the lower and gentler slopes of the escarpment; it is 
undulating, marly and moist, forming excellent arable land, 
which changes into open down and sheep-pasture when the 
boundary of the Middle Chalk is passed. The change, however, 
does not coincide exactly with the geological boundary, for the 
large amount of wash and talus from the steeper hills above, tends 
to make the dryer soil of the Downs transgress some distance 
over the wetter Lower Chalk. 

Owing to the wash from the hills above and other causes, 
continuous sections are seldom visible in our district, and it is 
difficult to obtain accurate measurements of the thickness. This 
difficulty is increased in another way, not usually taken into 
account, for it is impossible to place any reliance on the dips 
which can be measured. The general dip is southward; but 
nearly always the angle of the dip is increased by 1he weight of 
the hill above, which, pressing downward on the soft Lower 
Chalk. tends to tilt up its free edge, thus exaggerating the 
apparent amount of the dip. In the SalYlR way dIps taken in 
soft deposits on a foreshore under high cliffs are .. ;:~T"'" trust
worthy; there is usually a tendency to dip inward toward 111'-' 
cliff. Making allowance for these uncertamties, the relation of 
the geological boundaries to the contour-lines suggests a 
thickness of 180 to 200 feet for the Lower Chalk, the deposit 
being apparently somewhat thicker in the east and south than in 
the west. 

Along the western part of the outcrop of the Lower Chalk 
exposures are few, the old pits being much overgrown, and no 
clear section of either the top or the bottom of the division being 
now visible. Soft massive chalk seems to constitute the upper 
part, and marl more or less sanely and silty the lower part. 

Around Cocking sections are clearer, and the basement beds 
are fairlv well seen neal' Sun wool Farm, and in the road south of 
the village. Still further south there are several good sections 
in the massive grey chalk, which is worked for lime, and can 
also be seen around the spring at Crypt Farm. It appears as if 
this spring were given out at the junction of the grey chalk with 
the chalk marl below: but it may rise along a line of fault, for, 
at this point, there is an obscure disturqance, which may be 
either a small fault or one of the minor folds alreadv mentioned. 

The sections south of Heyshott are more satisfactory, road-

• The information on the Chalk is taken largely from Mr. A. J. Jukes·Browne', 
Memoir on the Cretaceous RockR (If Rritll.in, vo1s. ii. and iii. (in the P1·e8~). 

6636, 
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cuttings and old quarries giving the following succession, though 
the exposures do not admIt of accurate measurements:-

Middle Chalk . Melbourn Rock. 

Lower Chalk 
J 

Belemnite marl. 
Coarse-grained chalk. 

Greensand. 

l :Massive grey chalk. 
Chalk marl. 
Hartl sandy glauconitic marl. 

The" coarse-grained chalk" was exposed in the roadway, but 
not seen in the qualTies. The estimated thickness is here 
between 180 and 200 feet. 

There are two quarries in the Lower Chalk south of Dnncton 
Church. The lower of these is now disused and talused, but we 
are informed by Mr. R. M. Brydone that a good section of the 
Chalk marl was formerly exposed here, and that he obtained 
many fossils from it. He has kindly communicated the following 
information and list of fossils. 

" The greater number of the fossils came from the lowest band 
in the pIt, a bed of dark bluish-grey marl about 4 feet thick, 
soft when wet, but drying to a hard marl, and having it notably 

FOSSILS OF THE LOWER CHALK. 

jI', r.. 7. 

FIG. 6. FIG. 8. 

FIG. 6. Ammonites [Acanthoceras] rotomagcnsis, Brong. (~ natural size). 
FIG. 7.. Ammonites [Schloenbachia] varians, SQ'lJ1. (I natural size). 
FIG. 8. Scaphites requali~, Sou:. 

conchoidal fracture. Brachiopoda, Serpulm, and OnchotrochtuJ 
were especially abundant in this marl; other fossils were less 
common. Above this is about 10 feet of lighter grey chalk wi~h 
few fossils, succeeded by a bed of very hard . chalk mottled In 
light and dark grey, and containing many Oephalopoda," 
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The floor of the pit from 'which these fossils came is probably 
about 50 feet above the base of the Chalk. 

A little to the eastward, and about 100 feet higher up the 
slope, is another quarry and limekiln where about 60 feet of 
chalk are shown, belongmg to the zone of Holctster sttbglobos1ts. 
~rr. Brydone has here found the species noted below, but says 
that fossils, except Ostl'eidce, were scarce. 

FOSSILS OF THE LOWER CHALK. 

CimoiichthY6 lewesiensis, Leidl/ 
Enchodus lewesiensis, .lInnt. : 
LanuJa appendiculata, AU. 
Ammonites [Acanthoceras] na vicularis, JIa nt. -

" rotomagensis, I 

Bronun. (Fig. 6) 
[Schloen bachia] v a ria n s, Sow. 

(Fig. 7) 
Coupei, Bronf/n.-

" sp. 
Baculites baculoides, d'Od) 
Scaphites requalis, Sow. (Fig. 8) 
TUITilites tuberculatus, Hosc. -
Nautilus elegans, Sow. 
Cerithium ornatissimum ? d'Orl) 
Natica sp. -
Pleurotomaria sp. 
Solarium sp. - - -
Exogyra haliotoidea, Sow. 
Inoceramus striatus, Sow. 

" sp. 
Lima elongat'l., Sow. 

" globosa, Sow. -
Ostrea acutirostris, Nilss. 

" vesicularis, Lam. -
Pecten Bea.veri, Sow. -

" orbicularis, Sow. -
" (Neithea) 5-cos~ata, Sow. 

Plicatula infiata, Sow. 
Magas Geinitzi, Schloenb. 
Rhynchonella grasiana, d'O,·b. -

" mantelliana, Sow. 
" Martini, J.lf ant. -

Terebratula squamosa ~ JIant. 
Tere bratulina striata, Wahl. 
Pollicipes 8p. - - -
Serpula ampullacea, Sow. 

" annulata, Reuss 
" macropus, Sow. -

umbonata, Sow. 
" plexus, Sow. 
" "var. gordialis, Schloth. -

EehillOCyphu" diflicilis, Ag. - -
Holaster sp. 
Pentacrinu8 8p. 
Onchotrochus serpentinus, Dunc. -

A. varians 
Zone. 

Duncton. 

x 
x 
x 

x 

x 
x 

x 
x 
x 
x 
x 
x 
x 
x 

x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

x 

H. sub
globosus 

Zone. 
Duncton, 

x 

x 

x 

x 

x 

x 

x 

x 
x 
x 

x 

x 

x 

x 
x 
x 
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Ag<1in, in the lane leading up West Burton Hill, Mr. W. Hill 
saw beds of greyish-white chalk alternating with beds of marly 
chalk: A ?nmon des val'ians and A?n. ~Iantelli occurred frequently 
at a spot considerably more than 100 feet above the base of the 
Chalk. Ascending the lane these beds give way to more massive 
lighter cnlom-ed chalk, and the tor of the Lower Chalk is reached 
a little to the north of the tumuh, but there is no clear section 
and the Belemnite ~Iarls were not seen. ' 

Immediately south of Bury some glauconitic sandy marl, seen 
in the roads to Bury Hill and to Houghton, must be very near 
the base of the Chalk. The middle of the Lower Chalk is not 
exposed: but <1 quarry at the foot of Bury Hill shows an excellent 
section of grey chalk, passing upwards into the" Belemnite marl" 
(here about 10 feet thick), which again is capped by Melbourn 
Rock. The characteristic belemnite of this marl (Actinocanwx 
plenus) does not appear yet to have been found at this locality, 
and throughout our area the Belemnite marl is sparingly fossili
ferous. At Bury the southward trend of the escarpment causes 
the level of the base of the chalk to sink rapidly, so that near 
Houghton the whole of the Lower Chalk is lost beneath the sea
level. This trenching of the Downs by a transverse valley, and 
the consequent change of' direction of the geological bound<1ries, 
enables us to calculate the dip, which here appears to be about 
4°, almost due south. 

A curious point, not exactly geological though connected with 
geology, may be referred to in connection with the area just 
descnbed. Some parts of the slopes are too steep for cultivation 
and are clothed, and seem always to have been clothed, with 
ancient han<Ying woods, locally known as "hangers," prin~jpally 
of beech, with some undergrowth of holly and hazel. So little of 
the primreval forest is anywhere left in Sussex, except on the 
heavy clay lands of the Weald, that it is interesting to find these 
small outliers still remaining. They contain rare woodland 
animals and plants such as one does not find in the forests of the 
WeaJd. Among the mollusca, both Helix obvoluta and Clansilict 
Rolphii are to be found, and among the plants Solomon's seal, 
and herb Paris. In one of these woods the zig-zag connecting 
the Roman Stone Street with the lowlands is well seen. 

East of the Arun sections are more frequent, and there is less 
woodland and copse over the Lower Chalk. Though the actual 
base is not seen near An1berley, the railway cuttmg near the 
village shows some beds not much above. They conSIst of hard, 
bluish lllarl with small grains of glauconite and flakes of mica. 
The south end of this cutting is much overgrown, but shows sandy 
marl, which seems to mark the junction with the grey chalk 
above. The next few feet cannot be examined, but a quarry near 
by con~iIlyes the Succ~s1,ion, probably n:arly up to the ~elemnite 
marl; It IS thus descnbed by lVIr. W. HIll: "Mr. Pepper s quarry, 
about a quarter of a mile north of Amberley Station, is about 80 
feet deep; 60 feet of this is in massive smooth white chalk, 
passing clown into greyer chalk, the lowest 10 or 12 feet being in 
courses divided by marly bands. In the floor of the quarry a 
narrow working dIsclosed about 20 feet more of grey chalk and 
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grey marl in alternating courses. No fossils were seen, nor did 
the quarrymen possess any." 

Between Amberley and Sullington Hill a grey sili~eous chalk 
appears at vario~s places, appare~tly on the same hOrlzon as the 
sandy bed seen m. Amberl.ey cut~mg. In the roa~ to the Downs 
from Amberley villaae thIS bed IS a hard fine-gramed calcareous 
sandstone with Pecte~., and makes a noticeable feature, which has 
been traced eastward to the limit of our district. N ear this 
limit a series of sections will be found, those below Chantry 
Hill and Sullington Hill being particularly good. At Chantry 
Hill the junction of the ~Iiddle and Lower Chalk can be seen. 
At Chantry Farm the road-cutting, probably about 30 feet up in 
the Chalk, shows fine-grained grey gritty marl, full of small 
brachiopods, among which Dr. Kitchin identified Kingena linw, 
Rhynchonella g'rasiana, R. mantelliana, R. mal'tini, l'erebrcdula 
semiglobosa?, T. squamosa, Te'f'ebmtnlinn st1'iata, and also 
Se'rptda t(?nbonata. Above this comes grey marl or marly chalk, 
but the sections are obscure till the Belemnite marl and the 
Melbourn rock are reached. The total thickness of the Lower 
Chalk seems here to be 200 feet. 

MIDDLE CHALK. 

This division consists of hard white irregularly bedded chalk, 
full of fragments of Inocenwms, but not usually yielding many 
other fossIls. At its base it becomes still harder and more 
rocky, forming the Melbourn Rock, which, however, though 
sharply distinguished from the Belemnite marl below gradually 
merges upwards into Middle Chalk of the usual type. The 
thicKness of the l\Ielbourn Rock is about 10 or 15 feet; the 
total thickness of the Middle Chalk about 200 feet. 

The Middle Chalk occupies a great part of the steep face of the 
escarpment of the Downs, its outcrop is also continued in a 
long spur through the middle of the Downs, from Upper Waltham 
to \V ~st Dean, and it reappears also as inliers in the valleys at 
Binderton and Stoughton. Notwithstanding this considerable 
exposure, good sections are not very common, most of our 
knowledge being derived from the large pits at Amberley and 
Houghton. We will trace this division also from west to east 
along the escarpment; afterwards describing the exposures in the 
interior of the Downs. The hard Melbourn Rock, resting on the 
exceptionally soft Belemnite marl, tends to make a distinct 
ledge or terrace in the face of the escarpment, especially in the 
eastern part of our area, where the difference m hardness is 
strongly marked. Towards the west this ledge is not so striking 
a feature, though there is seldom much difficulty in fixing exactly 
the position of the base of the Middle Chalk. Its upper limit, 
however, is much more difficult to define; for the Chalk Rock, 
which over wide areas divides the Middle from the Upper Chalk, 
is nOll-existent in this district, and a boundary has to be drawn at 
or near the level on which the first regular bed of flints makes its 
appearance. The fossils of the Chalk Rock, which can sometimes 
be found occupying a narrow zone even where the rock itself is 
missing, have not been recognised in our area. 
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In the escarpment near Treyford the Melbourn Rock does not 
seem to be notIceably different from the rest of the Middle Chalk; 
but there are no clear sections. The higher part of the division, 
however, is visible in the road-cuttings and pit east of Buriton 
Farm, where a few grey flints extend down into the Middle Chalk. 
The Chalk Rock was not recognized in the pit, but perhaps its 
fossils might be found there with longer search. 

Below Linch Down hard chalk with Inoceramus is seen in the 
road-cutting; but neither top nor bottom of the Middle Chalk 
is quite satisfactorily defined. A mile to the east, however, the 
Melbourn R'ock runs out in a bold spur on Bepton Down, and 
the transition from flintless to flinty chalk is also easy to trace 
in the road 200 feet higher. Here F. Sargent observed 3 or 4 
inches of fuller's earth in the Chalk (Geol. Trans., vol. i., p. 168). 

At Cocking the Melbourn Rock makes a clear, well-defined 
feature, and the railway-cutting south of the tunnel shows an 
excellent section of the junction of the Middle with the Upper 
Chalk. A thin hard bed in the road to Cocking (W p-st) Down 
may represent the true Chalk Rock; but this seam could not be 
found in the railway cutting. The Chalk Rock should appear 
also in the old pits and cuttings at the west edge of Cocking 
(East) Down, where chalk with thick-skinned black and grey 
flints seems to pass down into hard flintless chalk with Inocer
alli.,1~8; however, it could not be found. 

FIG. 9. FIG. 10. 

FIG. 9. Inoceramus mytiloides, Mant (ha.lf natura.l size.) 
FIG. 10. Rhynchonella. Cuvieri, d'Orb, (twice natural size.) 

The next sections of interest are met with at Graffham, where, 
in the roads leading to the Downs and in the pit near by, the 
hard Melbourn Rock is well seen, while the gradual passage into 
l1inty chalk can be traced in the roads 200 feet above. ~ere 
also no rock of exceptional hardness could be found at the Junc
tion with the Upper Chalk. 

Barla vington Downs is one of the best places for exaI?ining 
the Middle Chalk; for the division has there an exceptIOnally 
wide outcrop, and pits expose a considerable part of tIle thick
ness. The cutting on the high road to Chien ester exposes the 
Melbourn Rock, resting on Belemnite marl. A pi~ immediately 
above shows 40 feet of rough nodular chalk, whICh belongs to 
the zone of Rhynclwnella O:Uvieri (Fig. 10), that fossil and Ino
ceramus m.ytiloides (Fig. 9) being abundant. Another pit, in 
Duncton Hanger, which is a quarter of a mile south-east of 
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Duncton Church, exposes 90 feet of this chalk, including the 
top of the ~Ielbour~ Rock. A third pit, high~r. up and. on ~he 
west side of the Cillchester road, perhaps exlllbits the JunctIOn 
with the Upper Ch"lk; out, unfortunately, the lower part ot 
this pit is hidden by talus, and I am not sure that the nIiddle 
Chalk has been reached. 

The best sections in om district are those in the large chalk
pits of Bury and Amberley. On the road from Bury to Arundel 
two pits will be found; the lower one showing ~Ielbourn Rock 
resting on Lower Chalk, the hie-her showing hard chalk with 
marl seams and a few scatterecL flints. The upper pit seems 
nearly to reach the Chalk Rock. The shallow road-cutting 
above Houghton yillage shows ,t thin hard bed which may be 
the true Chalk Rock. 

Rough nodular chalk which cannot be tit!" above the 1Ielbourn 
Rock is exposed in the most northern part of the large quarry 
by Amberley station, close to the main road. About 25 or 30 
feet of this chalk is seen, and from it Mr. Hill obtained IIWCCI'

wnnsinytiloides and a few Rhynclwnella Ouvie1'i. 
The best section of the zone of Tel'ebmtnliw( in western 

~ussex is that in the large quarry by Amberley station. 'Yrit
ing of this quarry Dixon said: * "The large quarry on the 
opposite side of the River Arun (to Houghton) is called BalcolllLe
PIt, and is of the Lower Chalk formatioll, or that without flints." 
Among fossils found here he mentions Rwl iolitC8, " bones of 
turtles and fishes in very good preservation, particularly Bel'Yx 
OI'IUd1(8 and .l1I(wl'Op01na llIantelli, Echinoderms and Crustaceans, 
especially Enoploclyti(( Leachi. The nodules of sulphide of iron 
here often contain a 'l'uebmtnl(( or other small shell in the 
centre, which elsewhere is rare." 

Professor Barrois has also described this pit, giving the 
following particulars t :-

Feet. 
5. Compact chalk with scattered flints. 
4. Shaly chalk with scattered grey flints, Tel'ebmtul(t semi-

globosa, InoceramtM SJl. - . - - 6t 
3. Layer of yellowish nodules. 
2. Homogeneous white chalk, in courses separated by seams 

of grey marl - - - - - - - - - 82 
1. Hard compact white chalk, in beds about 3 feet 

thick separated by marly seams, which contain nodules 
(of chalk) - - - - - - - - 33 

About 121 

~Ir. W. Hill visited the quarry in 11')97, and contributes the 
following note: Here about 110 feet of Turonian Chalk is 
traversed; about a third of the main face is now obscured by 
talus, but smaller c,!ttings to the right and left expose .the lower 
parts. The chalk IS for the most part soft and whIte; flints 
occur near the top, and there is at least one layer of large, 

"Geology of Sussex, Second Edition. 1878, p. 130. 
t Recherohes sur 13 Craie d' Angleterrll et de l'Irlande, p. 33. 
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massive flints. Terebmtulina grncilis var.lata is fairly common 
Spondyl1Ls spi,lOsus and Sp. lut'us (?) also occurred, and in a falle~ 
block containing some of the large flints a crushed Echinoderm, 
apparently HalUl-del' plantLS, was found. 

Mr. Jukes-Browne has compiled the following list of Middle 
Chalk fossils from Amberley and Houghton:-

Pisces. 
lJeryx, see Ctenothrissa and Hoplopteryx 
Corax maximus,Dixon - - - -
Ctenothrissa radians, Ag. 
Enchodus lewesiensis, Jlant. -
Hoplopteryx lewesiensis, .11Iant. (omatus, All.) 
Lamna appendiculata, Ag. - - - -
Oxyrhina Mantelli, Ag. -

Lamellibranchiaf/!. 
Inoceramus Brongniarti, Sow. -

" mytiloides, Sow. 
Ostl'ea semi plana, Sow, -
Plicatula sigillina, Woodw. 
liadiolitec Mortolli, Jlant. 
Spondylus latus, ::Jaw. 

" spinosus, Sow.-
Brachiopoda. 

Rhynchonella Cuvieri, d'Orb. 
Terebratulina gracilis, Schloth. var.lata, Eth. -

" striata, TV ahl. -
Terebratula semiglobosa, Sow.

Crustacea. 
Enoploclytia Leachi, .lIant. 

Echinodernwto. 
Galerites subrotundatus, JIant. 
Holaster planus, Jfant. -

Zone of Zone of Zone un
Hhynch. Tereb. known. 
Cu vieri. gracilis. 

x 

x 

x 
x 

x 

x 

x 

x 

x 
x 

x 
x 
x 
x 

x 

x 
x 

x 

x 
x 

x 
x 

The sections in the escarpment east of Amberley call for no 
remark. 

On returning westward to Bignor and Barlavington we find a 
break in the escarpment, and a pass connecting with the Lavant 
vltlley, through which the high-road to Chichester is carried. 
For a considerable part of its course this valley nearly coincides 
with an anticline, 'mich brings up the Middle Chalk all the way 
to West Dean. The sections in the uPller part of this valley 
are poor; but there are doubtful indicatIOns of the hard Chalk 
Rock in the road west of Upper Waltham and in that north of 
East Dean. In the exposure at East Dean chalk with flints can 
be seen immediately above, and chalk without flints can be 
traced down to the village. More than half the thickness of t~e 
Middle Chalk must here be cut through by the valley. A pIt 
on the south side of the valley, above Manor Farm, shows a 
section which may be entirely in Middle Chalk or may show. 
the junction with the Upper Chalk. I do not thi.nk, however 
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that the very hard chalk is the Chalk Rock. 
are:--

Chalk with marl seams -
Yery hard chalk - - - - . 
Chalk with marl and a seam of gray flintti 

27 

The measurements 

Feet. 
15 

2 
5 

The railway cuttings near Singleto~ and W ~st Dean showed 
excellent sections of the hard chalk wlthout fhnts; but none of 
them seem to reach beds more than 100 feet down in the Middle 
Chalk. A pit by the road side north-west of the Station shows 
25 feet of hard chalk, and a few feet above flinty chalk crops out 
in the road. Another Fit, on the road to Chilgrove, exposes a 
characteristic section 0 the upper part of the division:-

Hard rubbly chalk -
Grey clay-
Hard chalk 
Tabular flints -
Hard chalk 

Ft. In. 
G 0 
o 2 
2 0 
o 2 
7 0 

Still lower there is hard chalk with a few flints, and it may be 
observed that as we travel westward, or perhaps rather south
westward, there is a noticeable tendency of flints to become more 
common and to extend -further down into the Middle Chalk. 
The occurrence of tabular flint in this division is, however, 
unusual; but just heyond our limits, in the bottom of the valley 
west of Bow Hill, a thin tabular flint was noticed more than 
100 feet down in the Middle Chalk. A pit about 100 feet 
above, and at the west end of Lambdown Hill, shows hard 
nodular chalk with a line of grey flints at the top, whilst the 
road between exposes only hard chalk without flints. 

The Middle Chalk has also been reached in two wells, the one 
at Chichester, the other at Goodwood. The well at Gatehouse's 
Brewery in Chichester was made so long ago (1844) that the 
record is not easy to interpret. It can only be suggested that 
the 4-foot bed met with 600 feet down in the ch~tlk and de
scribed as" crystallised carbonate of lime" represents the Chalk 
Rock, which is often markedly crystalline. A small fragment 
which happened to be preserved, shows it to be a very hard 
crystalline chalk. 

U Pl'ER CHALK. 

The gre~ter part of the powns is carved in the tlinty Upper 
Chalk, whlCh reaches a thlCkness of 600 feet, though several 
hund~ed feet of ~he. upper strata, r~presented in adjoining 
countIes, are here mIssmg. The whole of the zone of Belemnitella 
?nUCI'O?latr-t and probably. great part of that of Actinocamax 
q1utdrah~s are absent. lUuch, however, remains to be done 
before the paheontological divisions in this area can be considered 
as thorougli~y known; at present our knowledge of the fossils is 
confined mamly to the valley of the Arun, and to the disturbed 
chalk of Highdown Hill. The following account of the U ppcr 
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Chalk of the Anm Valley is by Mr. Jukes-Browne (from notes 
taken by Mr. W. Hill and Mr. R. M. Brydone):- . 

No good sections of the zone of Holaster planus (Fig. 13) -were 
found near Amberley, but it is traversed by the cuttmg for the 
railway about half a mile south of the station, at the east end of 
a short tunnel. The chalk here is lumpy and of a creamy-yellow 
tint; no continuous section can be taken, but Micrasters are 
very numerous, and are all of the varieties termed "low-zonal" 
by Dr. A. W. Rowe; they are associated with Echinocorys 
scntatgs (Fig. 14), Rhynchonelln plicatilis, Rh. reedensis, 
Terebmtnla cwrnea, etc. These beds probably belong to the 
upper part of the Holaster plan1tS zone. 

Higher beds, including the greater part of the lrl. cortestudi
)w,1'i,ltm, zone, with part of the overlying M. corang'l.tinnm zone, 

FOSSILS OF THE UPPER CHALK. 

F IG. 11 F IG. 12. 

FIG. 13. FIG. 14. 

FIG. 11. Micraster coranguinum, Leske. 
}'m. 12. Marsupites testudinarins, Schloth. 
FIG 13 Holaster planus, Mant. . 
F . 1" Echm' ocorys scutatus, Leske. (Three-quarters naturalslZe.) IG .... 
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are exposed in the large quarry south-west of H.oughto~. The 
section here is given below. Mr. Rhodes obtamed JJhc1'a.ste)' 
cOl'testudin(triu In, 111. pnccw'so/', H olaster planus, Rhynchonella 
lJlicatilis and Limn Hoperi from a bed of " greyish chalk" in 
this quarry. 

Parts of these higher zones are exposed also in the quarry on 
Duncton Hill, about two-thirds of a mile south-west of Duncton 
church. The lower part was found to be obscured by tal~t8, but 
the face above this exposed about 2 feet of hard nodular chalk, 
surmounted by 20 feet of chalk, with many flints, which are grey 
insille. This probably includes the junction of the zones of H. 
planus and Jr. co/'fesfwlilltl}'iulII. 

Weare indebted to ~Ir. R. )1. Brydone, for the following list of 
fossils which he has found in this quarry:-

Ostt'ea vesicularis, 
Exogyra haliotoidea. 
Inoceramus sp, 
Plicatnla Barroisi. 
Terebratula semiglobosa. 
Rhynchonella plicatilis. 

" 
reedensis. 

Cidaris clavigera. 
Cyphosoma sp. 
Echinocorys gibbus. 
Holaster planus, 
:\licraster sp. 
Pentacrinus sp, 

The lower part of the 11I, cO)'(JnguinUln zone and its junction 
with the ~1I.- col'festtLdinariuJn zone are exposed in the large 
quarry south-west of Houghton. The section here was taken by 
Mr. William Hill in 1897, and is as follows:-

Chalk with layers of flints (inaccessible) -
Seam of flint, nearly continuous, but breaking here 

there into nodules -

Ft. In 
- (1) ;)0 0 

and 
o 2 

Rather hard white chalk with scattered flints, yielded a 
typical J[icmster comnguinum (Fig. 11) - 10 0 

Continuous seam of flint 0 3 
Rather soft white chalk with a few scattered flints near 

the base - 5 0 
Soft mealy chalk, w~th lumps of hard yellowish compact 

chalk, with many ~Iicrasters and other fossils - - 1 6 
Thin seam of marl 0 1 
A massive bed of firm white chalk, with a few scattered 

flints near the base 
:\Iassive bed of rough lumpy chalk, hard creamy yellow 

lumps cemented together in a matrix of lighter colour, 
the whole course being hard -

Continuous seam of flint 
~ Hard ,vhite chalk veined "Tlth grey 

...... ~ A conspicnolls layer of larg'e flints -"'4 t.... '-' 
'- ~ Smooth and firm white chalk, rather broken up 
0'''' where measurelllent~ were taken, forming a sort 
~ 11 of ledge in this part of the quarry 
~ ~ Massive firm white chalk without flints -

3 0 

3 3 
o 2 
:2 6 
o 8 

4 6 
3 6 

15 ~Iassive firm white chalk, with flints both scattered 
'"' \ and in layers; no fossils seen abont ;)0 0 

About - - la4 0 

Owing to the scarcity of fossils the exact limit-plane between 
the zones cannot be determined, and it is possible that it should 
be taken rather higher up than we have placed it. 
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Other pits to the southward show white chalk with layers of 
black flints, featureless, but unquestionably belonging to the zone 
of M. conmguin nm. From one half a mile west of South Stoke 
Mr. Rhodes obtained Septife?' (Modiola) lineatus, l'rficraster 
c01'anguinnm and Ventl'icnlitcs cribros'Us. 

A large quarry at the back of the Black Rabbit Inn appears to 
show the junction of the ill. corangnin U/Jn and llfltT81Lpites zones. 
Mr. Hill reports that the lower 60 or 70 feet here exposed consists 
of firm chalk with many layers of black flints; the upper 50 feet 
shows soft chalk with few flints; only a few sparsely scattered 
nodules or in lines at distant intervals. 

Similar chalk with few flints is seen in the ri ver-cliff' at Bnrpham, 
on the eastern side of the valley. This was searched by Mr. 
Rhodes, who found illul'snpitcs (Fig. 10) in a band, which is first 
seen about 50 feet above the river, but comes down to the water
level further south. About 15 feet above this band he found a 
bed of oysters like that at Burwells Farm, Lancing, N ear the 
top of the cliff he noticed a layer of lumpy yellow-stained chalk, 
containing some Se)'lnda, Br'yozoa, and decomposed Sponges, 

The section is continued in a pit by the high road west-north
west of \Varningeamp Hill, of which pit Mr, Rhodes made the 
followingnote:-"About 10 feet above the floor of the pit isa bedof 
stained chalk, containing rotted sponges, Serpul(t, and a layer of 
flint nodules, which seems to be the same as that seen at the top 
of Burpham Cliff. Above this is chalk with few flints, and about 
~2 feet above the floor is a 4-ineh layer of marl, succeeded by 
chalk with marly layers, for 12 feet, in which Offaster' pillula is 
common." This may be regarded as the base of the Act. quadndtL8 
zone. The large pit on \Varningcamp Hill shows chalk with 
some thin flint floors and frequent layers of flint nodules, and is 
probably in the Act. qnad1'atus zone, though its base may be in 
the lower zone, as Mr. Rhodes found a_illursnpites plate here. 
By the side of a small stream west of Arundel is a pit in chalk 
with layers of black flints, probably in the Act. qlLadmtus zone, 
though no Belemnite was found. 

The list of fossils collected by Mr. Rhodes fi'om the quarries 
above mentioned is given on p. 32. 

In the hope of finding softer water in the Lower Greensand 
than that obtained from the Upper Chalk, an old well ncar the 
Kennels at Goodwood has been deepened recently, and the 
boring has reached a depth of no less than 1,012 feet without 
penetrating the Chalk. As the Goodwood boring gives the only 
nearly complete measurable section through the Chalk of West 
Sussex, details are given below, as far as they can be ascertained. 
Unfortunately, at the time of my visit in December, 1902, the 
large cores had been exposed to the weather for several months, 
and the figures denoting depths had all disappeared. Only one 
core, from within 7 feet of the lowest point, could be identified, 
It has only been possible, under these circumstances, to draw up 
a section from details and small samples communicated by the 
well-sinkers, Messrs. Le Grand and Sutcliff, and from some 
additional information obtained on the spot, through the 
Hon, W. F. Dundas, 
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The well is situated half a mile north-west of Goodwood 
House, and is almost on the 200-feet contour line. It is distant 
about a mile and a-half from any Eocene strata, and some part 
of the Upper Chalk may therefore be missing. Probably the 
thickness of the missing Chalk, seen further south, does not 
exceed 200 feet; this would make the total thickness of the 
Chalk in \Vest Sussex somewhere about 1,200 feet. Possibly the 
lateral pressure which formed the Chichester syncline Illay have 
slightly increased the apparent thickness of the softer parts of 
the Chalk, for the Lower Chalk is decidedly thicker than would 
have been expected at this point. The lowest bed reached 
would appear, from its lithological character, to be close to the 
base of the Chalk, and probably within ten feet of the Upper 
Greensand. 

The particulars of this well are as follows, notes in square 
brackets referring to specimens examined:-

Thickness. Depth. 
Feet. Feet. 

[

Old dug well - - - - - - - - 0 134~ 
~ld boring (~l-inch) shelled out in chalk with flints- 0 412 
Chalk and flmts - - - - - - - 5 417 

" " "free cutting, and water - - 22}' 439~ 
Yery hard chalk - - - - - - - ! 440:1-

e pper Chalk and flints - - - - - - 19! 460 

Chalk'l" " "hard - - - 12 472 
". - 26 498 

" " "very hard 13 511 
" " " - - 43 554 
" ,. "very hard 5 559 

Sticky chalk and flints - 7 566 
Chalk and flints, very hard 8 574 

Chalk {"Hard rock chalk - 12 586 
Rock? Softer chalk - 2t 588t 

. Hard rock chalk 9 59H 
Softer chalk 6~ 604 
Hard 31 635 
Softer " 2t 637t 
Hard 0' - 16 653~ 

Middle Very hard chalk 4~ 658 
Chalk. Hard " 32 - 690 

Very hard " 2 692 
Hard " 5.1 697 t 
Very hard " 2~ 700 
Hard" - - - - - no 810 
Grey ,,[fish scales and pyrite~ at 823t ft.] _ 13~ 823~ 
Hard grey " [fish scales, pyrites, and a little} 

mica at 889 ft. - - - - - - 178~ 1002 
Lower [Alternating grey chalk an~ soft grey marly chalk] 
Chalk. [Darker gl',ey hard rock wIth Serpula ple.ms and} 

lUuch lI1soluble residue of flinty silica quartz 
mica, and a little D'lauconite at 1002 ft. '10 1012 

[Lig~lter-grer hard rock with numerdui! fucoid-like 
nnpresslOlls.] _ 

Between 445 and 500 feet a sprinO' was met with in the 
Upper Chalk. It yielded over 40 O'aUgns per minute, pumping 
8 h?urs a day. No water was found below this spring, and the 
bonng was abandoned at 1,012 feet. 
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Ctenothrissa -
Fish vertebrre 
Inoceramus sp. 
Lima Hoperi, Sow. -
Ostrea acutirostris, Nil.~s. 

" normaniana, d'Orb. 
" semipbna, Jlfant. 
" vesicularis, Lam. - - -

Pecten (Chlamys) cretosus Defl'. = nitidus, .Want.-
" (N eithea) quadricostatus, Sow. 
" "quinquecostatus, S01ll. 

Spondylus dutempleanus, d'D/'v. -
" &pinosus, Sow. -
" striatus ? Sow. 

Crania sp. - -
Kingena lima, Def]'. 
Hhynchonella limbata, Schloth. 

" plieatilis, S01l1. 
Terebratula biplicata 1 Sow. 

" semiglobosa, Sow 
. Terebratulina Howei, Kitch. 

striata, Wahl. 
Alecto'~p. 
Bidiastopora sp. -
Bernicea papillosa, Reus.~ 

" sp. - - -
Entalophora obliqna 7 d'Ol'o. 

sp. 
Escha;~ sp. 
Escharina sp. 
Idmonea sp. - - . - - -
Pustulipora (Hammia) pustulosa, Goldj. 
Semieschara sp. 
Pollicipes sp. - -
Serpula ampullacea, Sow. 

" plexus, Sow. 
" pusilla, Sow. -
" turbinella ,Yow. -

Terebella lewesiensis, Davies 
Bourguetierinus ellipticus, Golczf. 
Cidaris (spines) - - -
Echinocorys scutatus, Leske -
Galerites (= Echinoconus) -
Goniaster (ossicles) 
Marsupites testudinarius, ,""cltloth.
Micraster coranguinum, Kle1:n -

Otfa;ter pilf~la, L~rn. ~ 
Parasmilia sp. - -
Porosphrera globularis, Phil. 

" urceolata, Phil. -
" Woodwardi, Car·ter -

Callodictyon sp. 
Placotrema cretaceum, Hinde 
Ventriculites- cribrosus; Phil. 

" impressus, Smith 
" sp. 
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CHAPTER YI. 

EOCEXE. 

Eocene deposits occupy the so~thern part of OUl' arca, cross~ng 
it in a sharp synclinal fold, WhICh runs east and west, bcmg 
bounded on each side by the Chalk. O,"er the greater part of 
this region, howcvcr, the gcological structure is somewhat 
obscure, and coultl only be worked out by piccing togethcr every 
scrap of evidence, from ditch-sections to the numerous well
borings. The reason of this obscurity is that the greater part 
of the highly inclined Eocene and Crctaceolls <lcposits were 
aftcrwards plancd down to a nearly level surface, over which 
gravel has been sprcad, completely hiding the undcrlying rock, 
;md suggesting anything rather than an area of. high ~ips and 
exceptional dlsturbancc. The only part of thlS regIOn that 
suggests disturbance, and that yields clear surface evidence, is 
the extreme east, where the Eocene strata can be seen to lie in 
a trough 01' basin which separates Highdown Hill from the main 
mass of the Downs. 

RE.mING BEDS. 

The Reading Beds between Highdown and Chichester are 
exceptionally uniform in character and in thickness. They 
consist almost entirely of stiff red-mottlcd clay, with a fcw flints 
at thc base. The thickness is cverywhere about 100 fcct. No 
fossils have vet been found within our area, thc ncarest being 
two or three"obscure marinc shells discovered at Lancing, close t'o 
the basc of the deposit. It is not uncommon in the Hampshire 
Basin for a little glauconitic sand with marine fossils to OCCUl' 

near the bottom of thc Reading Beds; but in this particular 
(listrict nothing of the sort h,1,s yet been noticed, even in con
tinuous borings which penetrate to the Chalk. The red-mottled 
cbys, which are here the only representatiYes of the period, 
"eem to be of laCllstrine origin; hut ie is nnmmal to find fossils 
in clays of this character. 

At the time when the Survey was being made no pits were 
open in the Re,tcling Beds near Highclown Hill, though abundant 
indications of the presence of the characteristic red-mottled 
plastic clay were discovered in the ditches. A well at Patching, 
communicated by Messrs. Duke &; Ockenden, shmvs that these 
clays are at least G7 feet thick. Another well, at the Decov 
Cottage, close to the ponds in Ang-mering, is said to haV'e 
penetrated 140 feet of clay before rcaching the Chalk; but no 
details could be obtainecl., and it is doubtful how much of this 
cby may belong to the London Clay. The upper part of the 
red-mottled day can still be seon in the railway-cutting clo;;e 
to Arundel Station, though the section is much overgrown and 
obscured by landslips. A boring in the Station showed at least 
88 feet of the clay, Chalk being roached, aocordillg to l\lessrs. 
Duke & Oekemlell, at lOG feet from the surface The upper 

6636. D 
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beds in this boring, described as London Clay, may be marsh 
clay of the Arun. 

Three small pits near Arundel were the first clear sections 
met with in travelling westward. The brickyard near the Gas 
vVorks showed 5 feet of red-mottled clay, and a small pit at the 
edge of the wood, east of Park Farm, exposed 7 feet of similar 
clay. In each of these cases the pit is in the lower half of the 
mass. Another pit at the north end of Tortington Common 
was in somewhat higher beds, but the character was the same. 

West of Brinsted few clear sections are to be seen, though the 
Reading Beds occupy a wide area beneath the Drift. Various 
borings, however, penetrate to the Chalk. One of these, at 
Barnham Junction, shows a thickness of 108 feet of red and 
mottled clays, with a bed of flints a foot thick at t,he base. 
Another section, at \Valberton Brewery, was communicated by 
Messrs. Ellis & Sons, who had also preserved a series of samples. 
As this gives a good idea of the general character of the deposits 
the details are here quoted; but the London Clay should pro
bably be thir.:ker, and the Reading Beds thinner, than is given. 
Unfortnnately the first numbered sample was from 128 feet:-

Feet 
Drift. Loamy sand - about 20 
London Clay. Blue clay - about 30 

j
:l£ottled clay, at about 50 feet (sample not 1 

labelled and doubtful). 
Red clay at 128 and 146 feet. 
Lignite and black clay, a thin bed between 150 

and 160 feet. 
Reading Grey clay, at 170 feet. 148 

BedS'lRed clay, at 171,171 and 173 feet. 
Hard grey ::;and, at 174 and 176 feet. 
Mottled sand and clay, at 183, and 185 feet. 
Red clay, at 187, 190, and 192 feet. 
Dark mottled chty, at 193, 194, 196, and 197 feet. 
Hard bed, at 198 feet. 

Chalk - 115 

At Westhampnett the Brick Works, which lie in a shallow 
valley, cut through the Drift, and show a section of 13 feet of 
mottled red, blue and black clays. Several of these valleys 
around Chichester show indications of the same clay; but the 
only other pit is found at Fishbourne. Borings at Chichester 
and at Fishbourne prove, however, the total thickness of the 
Reading Beds; which in the former case are 97 feet, in the 
latter either 98} or lOG}, the uppermost 8 feet, described as 
light-grey clay, perhaps representing the base of the London 
Clay. 

LONDON CLAY. 

The London Clay of our area consists of qark-blue or grey 
clay with occasional septarian nodules, alternating, especially in 
the lower part, with beds of fine-grained sandy loam, or even of 
sand. These in one or tvw places apparently become hardened into 
a rock like that which forms Bognar Ledge. At the base of the 
London Clay there are usually a few perfectly rounded flint
pebbles, this seam becoming of suffiClent thickness around 
Claphrun 10 be dug for gra,~el and to be mapped separately. 
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8eveml pits in this s-ruvel will be found Oll Clapham Common; 
but the maximum tllickness appears to be less than 10 feet, and 
no fossils could be discovered in it. 

The London Clay occupies two distinct outliers, the one 
extending westward only as far as Poling, the other commencing 
a mile to the north-west amI stretching continuously in a narrow 
biind nearly to the western edge of our district. Our knowledge 
of this diyision has been derived almost entirely from borings 
and well-sections; for the only exposure of any importance is 
that seen in the Arundel railway-cutting, which is now much 
overgrown and obscured by landslips, 

.A t the southern limit of our district almost the whole thick
ness of the London Clay seems to have been met with in a 
trirtl-boring made ,tt ::'IIerston for the Bognor \Vaterworks, The 
whole of the neighbourhood is obscured by Drift gravel and 
lu,tm; but the great thickness of the London Clay met with in this 
boring, allli the high llip proyed by other wells, suggest that 
there lllay be an outlier of Bagshot ~and south of Drayton 
House. The details of the boring, supplied by Messrs, Docwra & 
Co., are as follows :-

Ft. In. 

~Iade ground and Drift - 13 6 
Hard blue day 4 0 
Soft clay with sand - - 12 6 
Blue clay - - 16 0 
Sandy clay 2 0 
Blue clay - - 95 6 

London Clay Green sand 1 6 
292~ ft, Hard rock - 10 

Blue clay - - 88 2 
Hard rock - 1 0 
Hard blue clay - - 65 0 
Blue clay - 6 0 

Beading f .Mottled clay - 8 0 
Beds l Hard red clay - 91 0 
99~ ft, Flints - 6 

Chalk and flints - 24-1 6 

The two rock-beds may represent the two which form 
r0spectively the le(lges known as the Barn Rocks and Bognor 
Rocks on the coast, 

No other section in the district equals the one just mentioned 
in cOlllpleteness and interest, though a boring at Headhome 
Farm, in Aldingbourne, proyed 235 feet of London CIny, and one 
itt Bnxnham JilllCtioll proved 208 feet. A section and samples of 
t his latter, conununicated by the London, Brighton, and South 
Coast Railway COlllpany, showed :-

Drift -
London Clay -
Sandy loam, with water -
London clay 

London Clay Rock 
208~ ft. Blue clay with septaria -

Hock 
Blue sa,ndy clay with septaria (stifI' at 

170 feet) 
Rllading Beds I Hed and lllottllld day~ 

1O[)~ ft. \. Bed of flints 
Ch,tlk 
0036. 

Ft. 
12 
44 

thin 
56 

1 
38 

1 

6R1 
lOP 1 

1 
1001 

D 
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It will be noticetl tll:1t in this section again there are two thin 
beds of rock; but their positiolls do not correspond with the thin 
bands found at l\Ierston. 

N a fossils haye yet been recorded from the London Clay of 
our area, and I hayc only seen indeterminable fragments in the 
crushed material brought up by the boring-tools. 
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CHAPTER VII. 

DRIFT. 

The drift deposits of this part of Sussex occur in two areas, 
isolated from one another by the high range of the South 
Downs; the Downs themselves being free fi'om drift. This 
isolation, the difference in the character of the deposits, their 
different mode of origin, and the absence of any clear evidence 
from fossils. makes anv satisfactory correlation between north and 
south at present impO'ssible. \Ve'must, therefore, deal with the 
two areas separately. Before speaking of the deposits, it will be 
convenient, however, to sketch in a few words the changes that 
can be shown to have taken place within the larger district, of 
which the area now treated is only part. 

After the deposition of the Eocene deposits described in the 
last Chapter, and probably as late as the Miocene period, move
ments of the earth's crust threw the strata into the folds that 
have already been alluded to more than once. The principal 
IHLYe raisecl the middle part of the\Yeald high above the area 
now occupied by the North and South Downs; consequently, 
the streams received a tendency to flow away from the \Vealden 
axis northward and southward 'across the Ch'alk into the London 
and Hampshire Tertiary basins, each of which basins was drained 
by a main river, flowing towards the east in the synclinal trough. 
As time went on, the north and south streams deepened their 
yalleys so greatly that they could not easily be di verted; though 
tributaries, working east and west along the outcrop of the 
softer strata, soon lowered their valleys far below the general 
level of the more slowly denuded chalk downs. Thus there still 
remain a few large streams, like the Arun, which cut from north 
to south, straight through the wall-like Chalk-escarpment, whilst 
many of their newer tributarv valleys, which run east and west, 
would seem to offer a far easier mode of escape to the sea. The 
main valleys still retain their original course; the smaller valleys 
must continually shift southward and cut downwards as the 
Chalk-escarpment recedes. 

In addition to the deep trenching of the country by river 
v"lleYs, the Chichester area shows another feature, which is apt 
to be overlooked. On reference to the l\Iap, it will be seen that 
the drift-coyerecl plain fl-round Chichester ceases abruptly at the 
f00t of the Downs, with a nearly straight boundary for over ten 
miles. This line marks the position, approxilllately, of an ancient 
buried and much-destroved sea-clift: It will be noticed that the 
more abrupt rise or slight bluff that marks the cliff' does not 
keep to one geological formation, as does the true sub-aerial 
escarpmcnt of the Downs. N ear Arundel the boundary curves 
to the east-south-east, so as to cross the Eocene strata and take 
in part of the Chalk at Highdown Hill, though the exactly 
silllliar Chalk and Eocene strata around Angmel'ing and Ford 
h:n'e been planed down to one clmd leyel. 
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CLAY WITH FLINTS. 

Before dealing with the truly stratified and transported DriL 
deposits, it will be well to refer to . the sheets of stony clay and 
Tertiary drfbris which cap some of the flatter-topped hills and 
ridges of the Downs. This Clay with Flints may occur at any 
height above the sea and cannot be referred to any definite 
geological pehod. In this part of the Downs it is confined to 
areas over which Eocene deposits may have spread within com
paratively recent times; it is sometimes very difficult to decid::> 
whether a particular patch should be called slightly disturbed 
Eocene, or mapped as Clay with Flints. It will be understood, 
from what has just been said, that the material of the Clay with 
Flints is mainly derived from the destruction of Eocene outlier,;, 
the flint pebbles, green-coated angular flints, sarsen stone-l, 
quartz-sand, and probably most of the clayey matrix, being of 
:Eocene origin. A considerable number of the angular flints, 
and part of the fine clayey matrix, have been added, as insoluble 
residue from the underlying Chalk, which was gradually dis
solved away by the percolating· rain-water. This solution pro
duces curious vertical hollow cylinders or cones in the Chalk, 
and these so-called pipes can often be seen in section in quarries. 
Within the pipe is a column of clay and flints let down from 
above, the centre of the column often being mainly composed of 
Eocene material, while the margin and bottom consists of true 
insoluble residue. It should not be forgotten that only a small 
part of the Upper Chalk is insoluble, and that this insoluble 
residue alone would consist mainly of loose flints, and would 
make 9~ stony desert rather than stiff clayey land. 

The distribution of the CI&y with Flints will best be understood 
by reference to the Map. The matrix as a rule is a black or I'd 
sandy tough clay, much stained by oxides of iron and mangRuese, 
and the nearer the outliers are to Eocene strata the larger the 
proportion of Eocene pebbles found in them. The Clay with 
Flints where thick makes a cold wet soil, very difl:erent from 
the ordinary soil of the bare Downs. On it one finds areas of 
rough coarse grass, brambles, and low bushes. The total thick
ness seldom reaches 10 feet. A O'ood deal of the weatherecl 
flint gravel found in the Valley Drift was probably derived from 
these sheets of stony clay, and need not represent the contem
poraneous destruction of an equivalent amount of flinty chalk. 

SOUTHERN AREA. 

\Ve will commence the description of the stratified Drift 
deposits with the area south of the Downs; for in that area the 
sheets are nearly continuous, and can be connected with deposits 
of known date and yielding abundance of fossils not far from 
Chichester. \Ve must begmwith the ancient sea-cliff and the 
deposits which flfmk it; for unfortunately we have nothing of 
earlier Pleist?cene date, though an occasional erratic block, 
w:lshed out of older strata, can be found. 
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~fA.RI~E GRAVELS. 

The sea-cliff just mentioned enters the area near Highdown 
House, where it still makes a bold feature, though no pit shows 
the actual shore-line, which is hidden by later gravels. South 
of the stream some of the ancient marine deposits can be traced 
in the shingly gravel which there appears at the sur±iwe. A 
shallow well at Ferring (just outside the JUap) gave still better 
evidence; for the shingly sand there found was full of peri
winkles (LdtOl'I:na ubtnscLt!t); but the small sample I saw con
tained nothing else. A new chalk-pit on the south side of 
Highdown Hill may at. any time lay bare the old buried cliff. 

Between Highdown and the Arnn the old coast-line cuts 
obliquely across the Eocene strata; and, as we should expect in 
snch soft strata after so long a period, the actual cliff is not easy 
to trace, and the marine deposits seem to have been swept away 
by the rush of water from the Downs. The marine deposits 
found at Een-ing have been preserved, it will be noticed by 
Highdown Hill, which has protected them ii'om the land-water 
and diverted the Hoods to the right and to the left . 
. West of the Arun the marine gravels reappear on Tortington 
Common as masses of Hint shingle at a height of 105 feet. A 
little nearer the Downs equivalent deposits are seen in two pits 
in a copse on the north side of the high road one and a half miles 
west of Arundel. These pits show:-

Angular flint gravel (Coombe Rock) 
Fine buff sand and a few pebbles -
Chalk (touched) 

Feet. 
2 to 6 

10 to 15 

The sands reach a heig-ht of about 120 feet above Ordnance 
Datum and correspond'" closely with the sands at ,Vaterbeach, 
still to be described. They perhaps represent an ancient sand
dune or sandy beach; but no fOSSIls were observed at this point. 

Three-quarters of a mile west of the pits just described, an 
outcrop of these sands will be found on the edge of the Brinsted 
valley, immediately east of Slindon Common. Two pits in this 
outcrop show similar sections, but the Coombe Rock is thicker; 
the level is about the same. Another smaller outcrop occurs in 
the little vitlley which exposes Chalk and Reading Beds south 
of Slindon Common. A small pit just on the 100 foot contour, 
1tnd slightly t~l,rther from the buried cliff, here shows Hint
shingle. 

Near Boxgrove· this mitrine sand appears at the surface for 
nearly three miles; but it only reaches a maximum elevation 
of 90 feet, and is cut off by the Coombe Rock both on the north 
,md on the south. A pit on the east side of the park belonging 
to Aldingbonrne House showed 20 feet of falselJedded shingle 
and sand, among the pebbles being found two of quartzite or 
gl'eywether, one of it coarse purple grit,like that found among 
1,he Sehcy erratics, and one of basalt. Other pits south of Box
grove expose from 10 to 15 feet of this shingle and sand, which 
has all the appearance of a true sea-beach, though here the 
marine shells have been destroyed by percolating watpr. 



40 GEOLOGY OF CHICT:E":TER. 

Bet1Yeen this bank of shingle and the old chalk-cliff the fine 
sands again appear. There is a pit in them close to the road to 
Eartham, about a quarter of a mile south-west of Park Farm. 
The cliff must run between the pit and the farm. The top of 
the sand is here about 130 feet aboye Ordnance Datum; but of 
course if this sand, ,,,hich contains no stones, is merely a sand
dune, it does not proye submergence to quite that extent. 
Another small patch of this sand will be found at the same level 
half it mile to the west-narth-west, at the south end of Eartham 
Thicket. 

Close to \\\lterbeach, at the south-east cornel' of Goodwood 
Park, will be found a large sand-pit, which is of exceptional 
interest, for it yields clear eyiLlence of it submergence beneath 
the sea to the extent of at least 1:30 feet. This pit seelllS to lie 
within a few ,nulls of the old clift', thouS'h the actual clift'-face 
h,IS not yet been touchell. Luxe blockS of Phobs-borecl and 
warlll-eaten chalk are occasionally found in the sand, and parL 
of one of these masses has been placed in the museUlll at 
J erlllyn Street. The section measured at a time when the pit 
was exceptionally clear was as follows :-

Coombe Rock-umyorn flints in a chalky paste, 
irregularly decalcified f0r about a third of its 

Feet. 

depth. - Li 
Coombe Rock-stratified and mixed with sand and 

chalk-pebbles 2 
Fine buff quartz-sand, with coar~er seams full of 

splinters of flint, and containing occasional 
small sheIk Balanus (common), M!ltilu.~ edlllis 
(fr)' onl~-), 1'ellz'Jl(( [Hllthl'm (one vah-e), 1'l'ophon 
(one full-grown) and numerous Foraminifera. 
~~ho a boulder of Pholas-bored chalk weighing 
ahout 2 cwt, 15 

Tabular concretions of c"lcareolls sandstone t 
Sand as above, a few tlint-pehble8 near the h[l~ 4 
Large flat irregular concretion~, in ~and - 1 
Fine ,and, hecoming loamy, orange, and alternating 

with thin seams of reddish clay near the ba,.;e 2 
'Yaterworn irregular ~nrf[l('e of Ch:"llk and flints 

The top of this pit i" about 157 feet aboye Ordnance Datum. 
~o fe1\, species of fossils haye ,\'et been found in the \Vaterbeac'l 

pit. that yery little can be said as to the climatic conditions 
\\-hi('11 then held. The clim,lte cloes not seem to hase been 
Arctic. ;111(1 if, as I think, this beach-deposit is of the sallle age as 
the deeper-Witter da~~ with southern mollusca found at Selse~-, 
1\-e apparently must be dealing ,,-ith a true interglacial deposit:" 

Imm8lliately south-west of Gooclwood House the sands are salll 
~to'ain to han; been met 1l'ith, and in Yalcloe there is another 
s~lall pit. At Layant t~ley s~elll to han. been swept away, ?ut 
reappear on the west SIde of the valley III the rall~Yay-cuttlllg' 
\\'est of Chichester Barracks. They haye not been notlCed farther 
west for sOllle miles, till POl'tsc1oIYll is reached. 

* See Ueolo"Y of Boo'llor J[OJI. Ceu!. Sun'ell If.97: Reid, Plei,;tocenc 
Deposit,.; "f the :-;ll"l'X~ Co~~t, (j1l(lJ't . .rOlll'lI • . Ceo!. SOl'. , 1'01. xhiii.; )Jp. 
;,~ I 301 (l~~l:') : and l'l'l"tll'ich, 11,/(7., p. ;2~1. 
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It is impossible to show on the Map the greater par~ of the 
outliers just described, for the sections are nearly all PIts dug 
through newer deposits, or are else in outcrops too narrow to be 
engraved. 

COo)IBE ROCK, YALLEY GRAYEL, AXD BRICKEARTH. 

The term "Coombe Rock" is applied in Sussex to ~ faintly
stratified deposit of unworn or shattered flints mixed wIth chalk, 
which occupies the lower part of the valleys in the Downs, and 
~preads out in.a wide sheet over ~he maritime plain .. This d~posit 
IS very peculIar, and though It tends to merg'e mto ordmary 
terrace-gTavel when traced up valleys which still contain living 
strealllS~ it is neither forming now nor is a quite similar depo:"it 
of comlllon occurrence Ollt of ~Ilssex. Its probable lliocte of 
origin has been described elsewhere.* It seems to point to 
Arctic conditions affecting a region not actually smothered under 
ice, as so much of Britain was during the Glacial Epoch. It 
suggests violent spring floods, which rushed down the valleys, 
thawing, tearing up, and carrying away the chalk and spreading 
sheets of chalk and flint rubble over the plain in wide confluent 
deltas. At the present day most of the valleys arc dead, never 
contain running water, and remain unchanged from year to year, 
except for the gradual accumulation in their bottoms of a layer 
of loose flints dislodged from the steep sides. This talus and 
rainwash, however, is unlike Coombe Rock, which is full of un· 
weathered flints and of lumps of chalk, even at a distance of 
several miles from the Downs. 

The Coombe Rock yields occasional teeth of horse and mam
moth, usually much weathered, as though they had long lain on 
the surface before being swept down by the floods. In this region 
no other fossils have been noticed, except one or two worked 
flint-flakes. At Salisbury, however, a large Arctic fauna has been 
found. The stony brickearth, which so often replaces part of the 
Coombe Rock over certain areas, might yield fosi;ils, were it not 
uSllaJly (lecaleitied by the action of percolating water. 

Coombe Rock is extensively dug for road-metal, part of the 
chalky matrix being screened away, the remainder helping to 
make the material bind. Or else the upper decalcified and the 
lower chalky material are mixed, so as to give tIle right propor
tion of chalk. The distinction bctween red and white gravel, 
which are often supposed to be different deposits,+ is due merely 
to the subsequent dissolyillg nway of the chalky matrix, leaying 
it lllass of rusty flints and cL,y. The Coombe Rock has been duO' 
to a depth of "15 feet in a large pit at Porttield, near Chicheste~, 
for ballast on the railway. Thongh this pit is constantly beina 
worked, contemporaneous fossils do not seem often to be fonnd. 
N one c~mld be procured from the lllcn, who brought me only 
some echinoderms in Hint, and a handful of coins, mostly RomaYJ, 
Yariolls other pits, always changing, will be found; the one at "T aterbea('h, alrea(ly desfTi bed, heillg of particular iuterest as 

* Qual't. JOUi"'n. Gent. Sor., vol. xliii., p. ~fJ.! (lRR7). 
i See Uodwiu Aust(,l1, (Jurl!"t .• hlli"lI. Gff,!. S(;c., yol. xiii., p. ·17 
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show.i?g the relation of the Coomb~ Rock' to the underlying 
stratIfied sands. An excellent sectIOn must once have been 
visible in the long cutting occupied by the branch canal near 
Chichester. 
. The Brickea~th, which has been mapped as a separate division, 
IS really a modIfied Coombe Rock; and passes both horizontally 
and vertically by imperceptible gradations into that deposit. In 
fact the transition is so gradual that great doubt was felt as to 
which areas should be included in each, much of the material 
being" shrave," a local name for such loamy gravels or graveL v 
loams as are too stony for brickearth and too earthy for use a's 
graveL Shrave was formerly of more importance as being 
a convenient material for building mud walls, an art now 
seldom practised. 

The Coombe Rock, as already mentioned, when traced into 
the Arun Valley, tends to pass into material more like ordinary 
valley deposits; as though that valley was then occupied by a 
perennial stream, which however tlowed at a somewhat higher 
level than the present channel. In the Arundel railway
cutting the gravel runs up [,0 feet above Ordnance Datum. At 
\Varningcamp its upper edge is slightly higher; but its lower 
edge seems to pass under the m:trsh. A pit in \Varningcamp, 
about 30 feet above the marsh, shows a curious transition from 
Coombe Rock to ordinary washed river-gravel. The section is : -

Feet 
Coombe Rock - angular flints in a matrix of fine 

rolled chalk-gravel and a little marl, slightly 
bedded. This weathers irregularly aud in pipes 
into angular unstratified flint-gravel in a blackish 
clayey matrix. No fossils yet found - - - 12 

Finer, more worn, and distinctly false bedded gravel, 
with nests of sand. In the lower half are 
numerous fragments of Greensand-chert and of 
\Vealden ironstone, often large - 4 

Teeth of e1ephant are said to have been found at \Varningcamp, 
bllt it is not clear from which bed they were obtained. In the 
small coombe north of \Varningcamp there is a narrow terrace, 
apparently of Valley Gravel or Coombe Rock,about 15 feet 
above the bottom of the coombe and stretching for a quarter 
of a mile along the north side. The road-cutting north of this 
coombe passes through similar gravel to that st:en in the pit; 
but onlv about 8 feet is seen. It contains \Vealden stones 
and rests on at least 10 feet of chalk-rubble in a marly paste: 
also containing occasiona:l fragment~ of Greensand-chert. In 
this neighbourhood, therefore, clean nver gravel would seem to 
alternate with Coombe Rock. 

",Vepham, Burpham, ~nd Peppering are built on a terrace cut 
into the Chalk, and slopmg upward~ to about the 100 foot conto~lr; 
but no o'myel was observed on thlS terrace except at one pom t ,. 

In the ~teep river-bluff north of Peppering, close to the path, 
chalk has been duO', and in it is seen a pipe full of ferruginous 
sand with pieces of::tower Greensand ironston~. Another pipe 
in tho Burpham clift' contains ,ery fine whIte or buff sand. 
Elcplunt-teeth b1\o been found at Burpham 
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OffiHun and. South Stoke show gravelly torraces; X or-th Stoko 
and HouO'hton are built on simibr platforms, with merelya trace 
of (rrayol:~ The most northerly of these torraces rises about 45 

~ ~ 

feet. above the marsh. . 
The reason for tracinO' thus minutely the terrure-feat.nres 

thr0l1O'h the yalloy of th~ Anm, is that theso termces seem at 
presel~t to offer the only moans of connocting tho c1rift-d~po~its 
south of the Downs with those on the north. Tho contllllnty, 
howoyer, is not unbroken, and it is still doubtful whether tlJ'e 
terrace just described is representod by the highor or by tho 
lower sorios of g-ravels in thc northerll areiL, or b\- both. I 
suspect that llon'e of the grayels coloured pink on the :Jlap ill 
tho northern area are so old as the raised beach-deposits of 
Ci-oodwood; and that the two series around ilIidhurst and 
Pulborough may be equivalent to the two Coombe Rock terraces 
at ditferent levels seen at Lavant. The ovidenco thns far 
obtained in Sussox, suggests It considerablo lowering by denuda
tion of the floor of the Wealden area in bte-Pleistocene times. 
~ o\\-here can tho Ploistoeeno marino deposits he tmced through 
the gorges of the South Downs or into the \Yeald, though lllllch 
of tho \Voald lies bolow the lovol of the raisecl beach. Perhaps 
somo of the higher platoau-gravols may be fluviatile deposits 
helonging to that period of depression. 

The next section will describe the Pleistocene deposits and 
features of the northern area; it is mainly hy _Mr. LampIng-h. 

N ORTHERX AREA. 

\Vithin the part of our area ,\'hieh lios north of the Downs, 
J\Ir. Lamplllgh filllls that the oldest superficial deposit is it 

eoarso flinty rubble, which forms an irregular capping on 
plateaux of limited extent on the Folkeston'c, amI oCCilsil;llally 
on the Nan<lgnte Beds south of the RoLhor valley. These liUle 
plateaux, lUllch llissectClI hy erusion, slope gently 110lth\\iU'(1 (i.e., 
awny from the ~ollth Downs), hut eml oft' boltlh- :tl)oYe the 
Jepi'essioll occnpied by the Gault in steep hluil::S sllllulatill')' an 
escarpment, sometimes :50 to ~o fect hig'h. The rubble on illeso 
plateaux has HJl extreme depth of DorIO feet in "piped" hullows, 
but is oftener a mere ragged film through which the underlyino' 
formation continually breaks. It is bost <leveloped on v th~ 
commons of Heyshott, Ambersham, (3mil:"llanL and Coates and 
is much dug for road mending. It is again found, thoug'h ill 
less quantity, on the higher ground occupied b~' the Folkc~tonp 
Beds to the eat.t of the Amn, at Rackham, Parham Park. 
Kithurst, Sullington \Yanen, and Longbury Hill, formino' little 
platermx at yarying eley,ltions, apparently the relllllant~ of an 
old snrt:tee which sloped \\'estward tmnll'(ls the Arun and alsll 
northwiud from tIl(' Dmnls. Tlw remarkahle- pcrsistence' of tlli, 
drift on tho Folkostone Beds, while it is se;-trce or ilhsent 011 the 
neighbouring formations, seems to be due to the greater heig'ht 
of the outcrop of that. group, which, perlli1ps. thus alone pre:3el've~ 
portions of the :mcient surface on \\'hich die) rubble \\';IS deposited. 
This matcl'i;ll "-as it snbiect of clis(,llssion nertrh- fifty Ye,U's ;lO'O 
- " < • '-' u 
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by Sir R. 1. Murchison,* and more recently by Mr. J. Vincent 
Els~en·t Its accumulation probably dates back to the glacial 
per1Od, and must have taken place under peculiar physical con
diti~ns. . That th~ plll:tea1?-x ha.ve suffered very lIt.tle surface
erOS1On smce preh1storIc t1mes, 1S shown by the pos1tion of the 
tumuli on some of the spurs overlooking the Gault depression. 
There is great difficulty in distinguishing between the lower 
patohes of this high-level drift and the higher of the true river 
gravels, though frequently the presence of fragments of chert, 
sandstone, etc., in the latter, is sufficient to identify them. 

Where the escarpment of the Hythe Beds is high, as between 
Pet worth and the Arun, patches of angular cherty rubble, derived 
from that source, occur as a thin capping on hills of \Veald Clay 
below the escarpment, and sometimes half a mile or more 
distant from it. These usually lie opposite coombe-like indenta
tions in the escarpment, and are probably equivalent to the 
flinty rubble which occupies a similar though more distant 
position in regard to the South Downs. Both would require 
peculiar physical conditions for their production, and are pro
bably the relics of some stage of the glacial period. 

Gravelly deposits, undoubtedly connected with the erosion of 
the present valleys, are found chiefly in the form of deltas around 
the junction of tributary streams with the main valleys, their 
materials being mainly derived from the high-level drifts. These 
gravels, in the absence of sections, are sometimes difficult to 
detect, owing to the deep covering of stoneiess sandy wash in 
the Lower Greensand tract, and of clayey wash in the Wealden 
area, which form soils indistinguishable from those of the rocks 
below. 

In the vicinity of the Arun, gravels of this class occur at 
varying elevations, even capping high ground adjacent to the 
river, as at Lee Farm in the Weald, and at Greatham on the 
Lower Greensand. They are then, as above stated, scarcely 
separable from the high-level drift. It is indeed evident that 
the subaerial erosion of the land has gone on without interrup
tion since the period of the high-level drift; there is no trace 
here, as already remarked, of the marine stage recognised at 
corresponding elevations on the southern side of the South 
Downs, which therefore probably preceded the earliest drift now 
existing in the interior. 

ALLCYICM. 

The Alluyium of the Arun forms a wide and perfectly leyel 
plain, the marshes ending ahruptly against rising ground on 
either side. It will be noticed that this flat does not change 
slowly into dry land and sloping bank, o~ form a curved vall~y
bottom like that of the Lavant. On drawmg a transverse sect10n 
across the Lavant valley the outline will be found to follow an 
unbroken sweeping curve. But a section across the Arun valley 
is different; the flowing curve of the hills on either side is not 

" QII"rl. JOII),JI. Ueol. Soc., vol. yii., pp. 351-36l. 
,. 11 1,1 .. 'oJ. xliii., PI'. C3;·f56. 
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c:)ntinued by the present yalley-bottom; but if the c1ll'ye~ are 
continued they will be found to plUllO'e beneath the AlluVJlllll, 
to meet 100 ±'eet or so beneath the "'present marsh-level. On 
examining the records of borings in the Alluvial flat of the Awn, 
it will be found that the curve of the rockv floor does follow the 
same law as in other yallevs: but that tl;e true bottom of this 
valley is now much below the leyel of the sea. The land at one 
time stood higher, so that the ya,lley could be cut below t~e 
present sea-level; but since that time subsidence has turned thls 
valley into a long harbour or fiord, which has gradually become 
silted up till at last the harbour has changed to a marshy fiat 
raised nearly to the leyel of the highest tides. This deep trench
ing, subsequent depression, iUld ultimate silting up at' the 
valleys is not confined to the Anm: it affects the whole of the 
estuaries and harbours round am consts. The depression seems 
to have taken Elace at so recent it date that great part of the 
harbours are stIll only partly silted up, though lllany are rapidly 
becoming obliterated. The ancient fiord of the Arun is silted 
up; but Chichester harbom, which happens to rcceiYe 110 stream 
of importance, and therefore little mud, remains only partly 
filled. 

Some borings for wells between Arundel Station and Arundel 
throw a great deal of light on the contour of the submerged 
valley-bottom. A boring at Arundel Station is said to have 
reached the chalk floor ber,eath 100 feet of marsh cia Y, and 
another boring at the Station Inn was 150 feet deep in "marsh 
clay. The strike, however, suggests that possibly in each of 
these wells there may have been some Reading Beds included in 
the "marsh clay." Another well, at a ne\\ house on Arundel 
Causeway, about midway between the t.wo bluffs, is open to no 
such question, and it shows 84< feet of marsh clay aboye the 
chalk. Another borina', at "Varningcamp crossing, shows still 
deeper Alluviulll, Chalk being reached at 117 feet below the 
marsh. On the Arundel side of the marsh a boring- at the coal 
yard penetrated 38 feet of marsh deposits before refwhing Chalk 
--showing that the steep hank must be continued downwards to 
below the level of low water. The superficial layers of th8 
Alluvium, thrown up in diggiug the foulHltttions of a new house 
on Arundel Causeway, were composed of estuarine warp full of 
Saobicalaria in the position of life. 



46 GEOLOGY OF CHICHESTER. 

CHAPTER VIII. 

ECONO~IIC GEOLOGY. 

,Vit.hin the area with which we are now dealing there are no 
mines, and no quarries of much importance, the economic applica
tions ?f g~ology being almost confined to the supply of building 
materIals for local use, of stone for road-making, to water supply, 
and to agricultme. 

BllILDIXG MATERIAL". 

Over most of the district brick is now the building material, 
though other materials, such as rough flint, sandstone, and dob, 
or mud mixed with stones, were freely used in the older build
ings. The various building stones will be taken in order. 

Hythe Becls.-These yield irregular bands of calcareous sand
stone, which is much used for building aronnd Pulborough. 
:rhe stone is often hard and cherty, or passes into chert, which 
IS dug for road-metal. 

Folkestone Betls.-A little ferruginous sandstone is occasion
ally found, and has been used for walls, but it is of no economic 
im portance. 

C"ppCI' Greenscmd.-N either the maIm-rock nor the green 
sandstones are now quanied, both seeming to be too soft to be 
of any value in this area. 

Gl'ey Clwlk.-A little of this rock has been used for interior 
work, as it is very easy to work. It ~will not stand the weather. 

White Cludk.-The harder Middle Chalk has also been used 
for interior work, but it has an irregular curved jointing, and 
usually comes out in small pieces. The flints of the Upper 
Chalk, more or less trimmed, have been used extensively in the 
old buildings, especially in the churches. They are almost in
destructible, and when carefully squared and built with close 
joints, they make a wall which is probably less afiected by the 
weather than any other in Britain. Except occasionally in 
thc churches, this fine squared-flint building is seldom used, the 
cut of sqnaring flints needing special skill, and bei~g quite un
like ordinary mason's or bricklayer's work. 

Coombc Buck.-This deposit also yields abundance of large 
flints for building; but they are commonly more stained than 
those obtained direct from the Chalk. Flints from drift-deposits, 
or those that hcwe long been expos~d to the weather, are also 
more difficult to face or square. 

LUIE. 

The Middle and Upper Chalk everywhere yield ordinary lime 
of very similar character. The Lower Chalk is more marly, and 
yields' hydraulic lime. The custom of chalking the land has 
now alulost been given np in this district, though lime is often 
used. 
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SAXD. 

Some of the best sand in the district is that obtained from the 
whiter parts of the Folkestone and Sandgate Beds; though there 
are sand-pits in y:trious parts of the Lower Greensand. Sand 
from the Upper Greensand is usually full of green or rusty specks, 
and is not so clean. The southern part of the are:. lS badly 
supplied, the only clean sands there, found bt:i~lg the fine dust
like sands of \Vaterbeach and otner locahtws Hear the old 
raised-beach. 

ROAD- :\IET~\L. 

For 1'0<1<1 metal the chalk~tlints are the great souree of supply, 
those collected from the fields being tougher and better than 
those obtained direct from the chalk-pits or from the gravel. In 
the area too ±itr from the Hints, the chert found in the Hythe 
Beds and the concretionary ironstune from the Folkestone Beds 
are used. 

'VATER SUPPLY, 

Over the greater part of the area there is little difficulty in 
obtaining good water; for plenty is usually to be fonnd in the 
Clutlk, ~nd the Upper Greensand may yield supplies of good 
qlli1lity. As this subject has been dealt with in a recent Memoir,"" 
there is no need to go over the ground in detail; the areas where 
clifficulty is felt should, however, be mentioned. On the \Vealcl 
Clay the supply is often very uncertain, and the water not 
palatable; the only source (beyond the very unsafe surface wells) 
is the thin sand beds which occur irregularly in the clay. It is 
almost useless to make deep borings; though occasionally one 
may yield a moderate supply of water. The Gault yields no 
water; but a good supply can be obtained by boring to the 
Folkestone Beds; any small quantity found in the Gault should 
be carefully stopped out, and not allowed to mix with that from 
below-its Havour is very disagreeable. 

qver the exposed Eocene clays, .wat~r is rea.dily obtained by 
bonng to the Chalk; the Eocene Itself here YIeldmg no watel". 
\\There the Chalk and Eocene are overlaid by Coombe Rock 
there is commonly plenty of water in the superficial deposits; 
bnt this source is very liable to surface contamination, and should 
not be used if it can be avoided. The water from the gravel is 
harder than that from the Chalk. '-

* The \\' ",tel' i::lupply of Sussex from lllidel'gl'ound sources, Jlcin. Gcul. SUI" 

'vc!J, 18!JlJ. 
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Railway, 6, 35. 
London Clay, 33-36. 
Longbury Hill, 43. 
Lording's Farm, 6. 
Lower Chalk, 2, 17-23, 25, 31. 
---:- Cretaceous, 2, 4-12. 
-- Fittleworth, 14. 
-- Greensand, 4, 7-12, 15,43. 

44,47. 
-- -- ironstone, 42. 

Jfacl"oporna Mantelli, 25. 
:\Ialm, 16, 17. 
Mammoth, 41, 42. 
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Manor Farm, 26. 
Marehill, 12. 
Marine Gravels, 39-41. 
Marringdean Farm, 6. 
Marsh clay, 45. 
Marsupites testU{iinarius, 2S. 
-- zone of, IS, 30. 
Martin, P. J., 4-6, 1~, 16. 
Maw, G., 14. 
Melbourn Rock, 22-25. 
Merston, 35, 36. 
llfic1'aster wranguinum, 28 -30. 
-- --, zone of, IS, 30. 
-- cortestudinarium, 2S, 29. 
-- --, zone of, lS, 29. 
-- p"aecursor, 29. 
Middle Chalk, 2, lS-20, 23-27, 31, 

46. 
Midhurst, 1, 7, 10,12, 13, 15, 43. 
~- Waterworks, 9. 
Murchison, Sir, R. J., 44. 
Museum of Practical Geology, 40. 

Newton, E. T., 11. 
Nodular Chalk, 24, 25. 
North Stoke, 43. 

Offaste1" pillula, 30. 
Offham,43 
Oldhouse Farm, 6. 
Onchotrochus, 20. 
Onychiopsis Mantelli, 6. 
Ostrea lunata, zone of, 18. 

Pagham,1. 
Palaeontological zones, 13, 18. 
Paludina-limestone, 4-6. 
Parham Park, 43. 
Park Farm, Aldingbourne, 40. 
-- ---Arundel, 34. 
-- --Pulborough, 12. 
-- Mound, 12. 
Patching, 33. 
Pecten asper, zone of, 13. 
Peppering, 42. 
Pepper's quarry, 22. 
Petersfield, 13. 
Petworth, 1, 4, 5, fl, 44. 
-- Station, 13. 
Pholas-bored Chalk, 40. 
Phosphatic concretions, fl, H •. 
Pipes, 38, 43. 
Pitsham, 15. 
Plants from the Wealden, 6 
Plateau deposits, 3S, 43, 44. 
Pleistocene, 37-45. 
Plicatula pectilwides, 16. 
Poling, 35. 
Pollicipes glabel", 16. 
Portfield, 41. 
Portsdown, 40. 
Pulborough, 1, 4, 7, 9, 10, 12, 15,43. 

Rackham, 43. 
Radiolites 25. 
Raised beach, 37, 39, 40. 
Reading Beds, 33, 34, 45. 
Redhill, S. 
Rhodes, J., 29, 30. 
Rhynchonella Cumerl:, 18, 24, 25. 
--plicatilis, 28, 29. 
--reedensis, 2S. 
Road metal, 41, 47. 
Roman coins, 41. 
--Road,22. 
Rother River, 11. 
--Valley, 43. 
Rowe, Dr. A. W., 28. 

Sali~bury, 41. 
Sand, 47. 
Sandgate, Beds, 7, 1O-12, 43 47. 
Sargent, F. 24. 
Scaphites a:quallS, 20. 
SC1"obicularia, 45. 
Sea-cliff, buried, 37, 39, 40. 
Sel bornian, 13-17. 
Selham, 7, 11. 
Selsey, 39, 40. 
Septaria, 34. 
Septifer (Modiola) lineat1tS 30. 
Seward, A. C., 6. 
Shrave, 42. 
Singleton, 27. 
Sinking of land, 45. 
Slindon Common, 39 
Soils, 1, 4, 19. 
South Downs, 1, 17, 18-33, 37,39, 

43,44. 
--Stoke, 33, 43. 
Spondylus latus, 26. 
--spinosus 26. 
Stane Street, 22. 
Steyning, 16 
Storrington, 2, 4, 8, 10, 17. 
Stoughton, 23. 
Sullington 14. 
--Hill,23. 
--Warren, 4~. 
Sun wood, Farm, 17, 19. 
Sussex Marble, 4-6. 
Sutton, 16, 17. 

J.'ere!mLtuln in pyrites nodules, 25. 
--carnea, 28. 
Terebmtulina gracilis, 26. 
--zone of, IS-2ii. 
Thakeham Church, S. 
Threal's Farm, 12. 
Tillington, 9. 
Toat Farm, 5. 
--Wood,5. 
Topley, W., 13-15. 
Tortington, Common, 34, 39. 
Trees of the district, 1, IS. 
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Trevford 23. 
Trohon, 10. 
Turonian, 25. 

Upper Chalk, 18, 23, 25-28, 32, 38, 
46. 

-- Green~and, 1:3,16, 17, 46, 4 •. 
-- ~Iill, 9. 
-- 'Yaltham, 2, 23, 26. 

Yaldoe, 40. 
Yaney Gravel, 41-43. 
"ariegated Series of Wealden, ble 

of Wight, 5. 
Veiltriculite.< ci'/bi'OSIiS, 30. 

". alberton Brewery, a4. 
". arminghurst, 8. 
"'arningcamp, 30, 42, 43. 
"Tashington, 12. _ 
'Vater S.upply, 4, ao, 31, a4, 35, 4,. "r aterbeach, 39-41. 
Water~field, 2. 
Weald, 1-4, 18,43. 
-- Clay, 2.-8, 47. 
"'ealden aXL~, 37. 
-- ironstone in Drift, 42. 
- - Shale~, Isle of Wight, 5. 
WtichStl/l( .1II(Jlte!li. G. 7, 11. 

'iYepham, 42. 
West Burton Hill, 22. 
-- Chiltington, 4, 12. 
-- Dean, 2, 23, 26, 2i. 
Westerfield, 2. 
Westhampnett, :34. 
White Chalk, .,16. 
"Toodcot Farm, I •. 
'" oodlands, 1, 18. 

Zone of AetinoCaiitfl I; qU/tdlY1tu.~, 18, 
19, 27, :30.. . 

-- AmillOn/tes mtel·l·lIJ)tll.~, la. 
--- -- I'HltIlS, 13. 
- - -- lIlallllnillatlls, 13, 15. 
-- -- mstmtus, 1:3. 
-- --- PaI"l{lnS, 18. 
-- Belemnlte!!11 Jnllcronata, 18, 27. 
-- lIulastel' J,zmws, 18, 28. 
-- --- sub[!loboSIIS, 1~, 21., 
- - J/'li'slip/tes test IIdmnn liS, 18, 

30, 
---Jhcmstel' comugllinllill, 18, ao 
-----co l'feMwiinariu III , 18, 29, 
--Ostl'en lunata, 18. 
---Pecten aSlle,', 13. . . 
--Rh 'In clwn elln C1I1nen, 18,2.,1. 
--l'ei' .• l»)',tfulillfl, 18, 25, 
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PREFACE. 

The original geological map of this area which was publish.ed 
in 1840 was based on the field work of R. A. C. Godwm
Austen, whose Memoir "On the Geology of the south-east of 
Devonshire," may be regarded as the foundation of all subse
quent geological work in the district. In 1868, Dr. Holl 
brought out a map in ,yhich additiOlULl details are given, and 
a few years later Mr. Arthur Champernowne commenced a 
careful survey of the neighbourhood of Totnf;s. The official 
re-examination of the area \yas begun in 1874-75 by Mr. H. B. 
\V oodward, at Torquay, and Mr. 1.; 88her, at Paignton. 

Shortly before his death Mr. Champernowne generously 
handed over the results of hi8 work to the Geological Survey, 
and the task of embodying these results in the official publica
tions was entrusted to Mr. U ssher. About this time the 
six-inch ordance maps of the district were issued and it was 
found necessary to re-survey the whole area on this scale. 
This work has been carried out by Mr. Dssher, the results have 
been reduced to the one-inch Ecale and the map (New Series, 
sheet 350), ,vas published in 1898. The present memoir is 
issued as an explanation of that map. 

The district is one of exceptional difficulty, owing to the 
want of persistence in well marked lithological horizons and to 
stratigraphical complications of a most intricate character due 
to folding and faulting. Detailed work was therefore necessary 
before even the broader tectonic features could be made out. 
This work has, however, met with its reward. The three 
main divisions of the Devonian formation have not only been 
recognised, but their boundaries have been ascertained with at 
least approximate accuracy, and the rocks of the Torquay area 
have been brought into line with their continental equivalents. 

Many workers have contributed to this result, and a general 
account of the extensive literature relating to the geology of 
the district is given in the introduction. 

The six-inch maps have been deposited in the office for 
reference, and copies may be obtained at cost price. 

Gcoloyical Survey UtJice, 
';18, Jermyn Stl'eet, London, 

9th June, 1903. 

J. J. R. TEALL, 
Director. 
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GEOLOGY 

OF THE COUNTRY AIW"CXD 

TORQUAY. 

CHAPTER 1. 

INTRODUCTION. 

Sheet 350 of the Geological Survey Map embraces an area of 
,tbout 102 square miles in the south-eastern part of Devonshire, 
with a coast line of about 20 miles extending from Petitor beach 
round the Torquay promontory, by Paignton, Brixham and 
Berry Head, to Dartmouth Harbour, Stoke Fleming and 
Matthew's Point. The area is replete with interest from an 
archreological and historical, as well as from a geological 
point of view, and it possesses in TOl'quay a watering-place un
rivalled in the south of England. The scenery is extremely diversi
fied; steep rounded hills, rising here and there above 600 feet, are 
intersected by narrow combes or stream-valleys, and at Torquay 
and south of Paignton, limestone plateaux abut against the higher 
land. The river Dart and its tributaries drain most of the inland 
districts, the coast lands being watered by small streams having 
direct outlets to the sea. The Dart enters the area near Staverton, 
11 locality renowned for its orchards, and, following a rather sinuous 
course of thirteen miles by Dartington Park, Totnes, Sharpham 
House and Dittisham, it empties itself into the sea below Kings
wear and the town of Dartmouth. 

LITERATURE. 

The earliest special rcferences to the geology of the area 
embraced in Sheet 350, are to be fonnd in the writings of De la 
Beche and Godwin-Austen, in the" Transactions of the Geological 
Society;" in De la Beche's " Report on the Geology of Cornwall, 
Devon and \Vest Somerset," which was published. in 1839, and in 
his" Geol0tLicalUanual," second edition, 1832, page 401, and pages 
496, 497. In the first section of "Memoirs of Geological Survey," 
vol. 1., 1846, page 89, he rightly places the Lower Devonian of 
Torquay and Paignton below thc limestone. In 1829, De la 

7052. 500-Wt.22521. 8/03. Wy. & S. 115Or. .8 



2 THf: GEOLOGY OF TORQUA Y. 

Beehe descl'ibed the New Red rocks of Tor and Babbaeombe 
Bays.* He regarded the De,onian limestones as Carboniferous 
limestone and the Lower Devonian grit as Old Red Sandstone In 
1842, Godwin-Austen combined four of his previous papers into 
a connected description, entitled "On the Geology of tlie south
east of Devonshire." This ~Iemoir may be regarded as the 
foundation on which all suLsequent geological work in the area was 
built; for, although De la Beche's Report antedated it, the 
Geology of South Devon, there described, was based on the field 
work of Godwin-Austen. The map accompanying Godwin
Austen's paper is, in many respects, a masterly production; as 
showing the general distribution of the De,onian limestones and 
the extension of the Xew Reel rocks. It is a reduction from the 
old Geological Survey map done by him and presented to Govern
ment. In the text special references are made to the following 
:ehenomena :-The submerged forest ground of Torbay, the raised 
Beaches of Hope's Nose, the Thatcher rock and Brixham, Kent's 
Hole Cavern, the grayels of the Dart near Staver ton, cleavage of 
slates and limestones in districts north of Totnes and near Brix
ham, the igneous rocks of Black Head and North "\Vhilboro, 
the lateral forcing of large blocks of limestone into the slates at 
PetitoI', disturbances at PetitoI', Torquay, etc.t 

Dr. Han-ey B. Holl, in 1808, attempted the solution of the 
structure of the Older Rocks of South Devon and East Cornwall. t 
He placed the (Lower Devonian) grits of Cockington above the 
(1Iidclle Devonian) limestones of JIarlUon, etc. In this error 
he was subsequently followed by Champernowne, although Mr. 
H. B. "\Yoodward § had placed them in their true position some 
years previously. 

The Cavern deposits of the area will ever be associated with 
the name of \Yilliam Pengelly, and many references to the 
general and special geological phenomena will be found in the 
numerous papers contributed by him to the British Association, 
Devonshire Association, Royal Geological Society of Cornwall, 
PI nnouth Institute, etc. A list of Pengelly's papers, and. a 
digest of his scientific work, by Professor Bonney, will be fOlmd 
appended to the Biography by his daughter. In 1856, he called 
attention to the form of chalcedonic structure found coating 
limestone fragments in the X ew Reel breccias of TorbaY.1I In 
1861, contributions appeared on Brixham Cavern, and on 
recent encroachments of the sea on the shores of Torbay.' In 
1862 the distribution of Devonian Fossils of Devon and Corn
wall' a.nd the correlation of the rocks with the Old Red Sa.ndstone 
of S~otland was treated of.** In 1861, and following yeats, the 

" Trans. Geol. :"/oc. Sel'. 2. vol. iii., p. 16I. 
t Trans. Geor. Soc. Ser. 2. yol. yi., pp. 433 to 446, and 481 to 489. 
~ Quart. JOllrn. Geol. Soc., vol. xxiv., p. 434. 
§ Ueol. JIag. for 1876, p. 576, and 1877, p. 449. 

Re}). Brit. Assoc. for 1856, Trans. of Sections, p. 74. In full in Trans. 
RUII. Geul. Soc. Com. yol. vii., p. 309. 

C RPjJ. Brit. As.~oc. for 1861, p. 123. Geologist,vol.iv., pp. 153,447 and 456. 
** Ib1d. vol. v. pp. 10, 74 and 456. Rep. Bnt, Assoc, for 1862, p. 86, 
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New Red rocks were described. * In 1865 the first Report of the 
Committee for explorincr Kent's Cavern a1?peared,t and also a 
paper in: the Proceeding~~ of the Royal Institution. In his. con
tributions to the Devon Association from 1865 to 1888 Wlll be 
found many papers referring to the submerged forests, raised 
beaches and other signs of elevation, and to the caverns and 
fissures of this area, besides commentaries on references to the 
district in contemporary literature. The titles of those referring 
to the area will be given in the Ap"Pendix. The literature of 
Kent's Cavern is also associated with the name of E. Vivian. He 
edited MacEnery's notes, besides other papers.t 

The late E. B. Tawney in 1870§ noted the discovery of fossils in 
the Lower Devonian rocks of Smugglers Cove and the coast west 
of Hope's ~ ose raised beach. Mr. H. B. ,Voodward gave the true 
"position of the Cockington grits in 187G.1 The discovery of 
Upper Devonian fossils at Sal~ern Cove by J. E. Lee was an
nounced in 1877.~ The discovery of Calceola 8undalina at 
the base of the limestones of Daddy Hole tJlain, and the 
inverted structures in that part of the coast were recorded by 
Champernowne in 1874.** In 1878 Champernowne published his 
adheSIOn to Mr. Woodward's opinion in regard to the Cockington 
beds.tt In 1881 he announced the discovery of Homalo'llOt'u8 in 
the Lower Devonian rocks of Lincombe Hill,tt and in 1884, des
cribed some Zaphrentoid corals from the Middle Devonian rocks 
of Mudstone Bay and Diutington. § ~ In 1889 Charnpernowne's 
latest views (in which he advocated the Upper Dev@ian age of 
the Cockington grits) appeared in a most important paper on the 
Ashprington Volcanic series.1111 

The Dartmouth slates, so named by Sedgwick,~~ who classed 
them with the Morte slates of North Devon, were left undefined 
i'S to position by Champernowne. He seems to have regarded 
them as a type, locally, representing the Middle Devonian.= 
The classification of the Devonian rocks in the area, just before 
the Geological Survey began its work in 1888, is given by Mr, 
'V oml ward. *t 

In Davids~n's " Supplement to the British Deyonian Brachio
poda," pages 4 and 8, the discovery of Lower Devonian fossils 
in the railway cutting near Saltern Coye, and at Goodrington 

* l'mns. Plymouth Instit. for 1861-1863 and 1864-186:>. 
t Rep. B1·it. A ssoc. for 1865, p. ] 6 and in succeeding year~ up to (and 

inclusive of) 1878. 
t Ib·id for 1847, Tmns. of Sect. p. 73 j Ibid for 1856, Tmns, of Sect. 

pp. 78 and 119. 
~ T1"an,~. Devon. Assoc. vol. iv., p. 291, etc. 
II Geol. Mag., 1876, p. 576. Ibid, 1877, p. 449. 
"if Ibid, 1~77, p. 100. 
"* Trans, Devon. Assoc. for 1874. 
t+ Geol. Jlag., 1878, p. 193. 
tt Ibid, 18fll, p. 487. 
~ § Quart. J01l1"n. Geol. Soc., voL x1., p. 497. 
I i Ibid vo1. xlv., p. 369. 
~,"if Quart. Journ. Geol. Soc., vo1. viii., p. 3. 
0&. Uf'sher. P1·0r.. Geologists Aswc., vol. viii., p. 442. 
*+ Geology of England and Wales, 2nd edition, 1887, pp. 130-139. 
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SC1nds, by the Rev. G. F. "\V'hidborne, is recorded. The bearing 
of this discoyory on the age of the Cockington beds was over
looked, perhaps beoause the preyalenoe of faults, <md the occur
renoe of New Red rocks in the intervening distance, may have 
been thought to render it inoonclusive. 

The paLeontology of the Lummaton limestone, which occurs 
on the north border of Sheet 350, has been thoroughly worked 
by .Mr. Whiclborne, and is described in a l\Ionograph in the 
Palmontographical Society's publications between the years 1888 
and 1896. Ostracods obtained in the Eifelian Limestone near 
Dadcllr Hole, Torquay, by l\Ir. Whiclborne were described by 
Prof. r. R. Jones. * 

In 1888 J\Ir A. R Hunt contributed an important paper on 
"The Raised Beach on the Thatcher Rock, its Shells and their 
Teaching."r In" .Notes on Torbay," by the same author,~ valu
able information as to the character of the bottom and of the 
submarine rock reefs in the bay is given. See also a paper" On 
Exposures of the ~ubmer.g-ed For~st Clays at Paignton and 
Blackpool Beaches 111 Apnl 1881. ~ The Torbay submerged 
forest and the Hope's Nose raised beach were also referred to by 
the late D. Pidgeon.11 Some of the pleistocene phenomena of 
the area haye been incidentally referred to in a paper, " On the 
Chronological Value of the Pleistocene Deposits of Devon," by 
the writer. Amongst his papers the following have special 
reference to this area-" On the Age and Origin of the W at
combe Clay,"~ "On the Geology of Paignton,"U "The Devonian 
Rocks of South Devon."tt The Devonian rocks of the area are 
also mentioned in classifications published in 1889++ and 1891.§ § 

In an important paper "On the Microscopic Structure and 
Residues, insoluble in Hydrochloric Acid, of the Devonian lime
stones of South Devon," IIII .Mr. E. Wethered refers particularly to 
specimens from Hope's Nose, Daddy Hole, and Lummaton. The 
most important paper bearing on the correlation of the Devonian 
rocks of the area with those of the Continent, was contributed 
by Dr. Kayser in 1889.~'1 There are few parts of South Devon 
which present such a copious geological literature. 

GENERAL GEOLOGY AND CARTOGRAPHY. 

The geology of Sheet 350 is very complicated. The imper
sistenee and yariatioll in lithological characters, as well as the 

* Annals o,/Kat. IIist., Oct. 181'8., p. 29;"5. 
t Tr((lls. Det'ol~. Assoc., for 1881'. 
:t Ibid for 187t;. 
§ Ibid for 1881. 
II QnaJ't. JOU1'n. Geot. Soc .. vol. xli., p. 9, 1885, and Ibid, 1878, p. 451. 
~ l'}'(tns. Devon. Assoc. for 1877. 
** Ibid for 1878. 
tt Quart. J01.l1"n. Geol. Soc., vol. xlvi., p. 41'7, &c., 1890. 
:::::: Rep. Brit. Assoc., l'mns. of Sect., and Proc. Somerset Arch. and 

~Kat. If/st. Society. 
~ § Trans. R. Oeo!. Soc., em·n., pp. 282-285, and 316, 317, and 324. 

QII!!Tt . .TOlll·lI. Geot. Sor., yol. xlviii., p. :377, 1892. 
n T Kelle.~ Jllhrb. iii)' JIincmZoyie, f;tC., 181'9, Band 1, Zeitsch. 189. 
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restrIctIOn of faunas to certnin fa,oured localities, would alone 
constitute obstacles to a rapid geological ~urvey; but~ as t~ere 
are also numerous faults repeating or cuttmg .o~t honzons I? a 
series of rocks everywhere contorted, the ongmal Geo!oglCal 
Ordnance Survey Map of this district cannot be regarded many 
but the most general sense as the foundation of the present 
Suney:\fap. The earlier map showed Devonian, or "grauwacke," 
with lllasses of limestone nnd some patches of greenstone, over
Inid by the ::\few Red rocks of Paignton and Cockington, the 
boundaries of the h.tter being well drawn. The necessity for 
broad generalizations, during the rapid original survey, in indi
cating limestone and ~reenstone boundaries, could not result in 
the production of anytlling more than a sketch map. 

The late A. Champernowne devoted most of his leisure time 
during many years to a stratigraphical study of the area. He 
placen the limestones in one general series; separated the 
Lower Devonian of the Torquay promontory, and near Shark
ham Point and Dittisham; attracted attention to the fossilifer
ous Middle Devonian slates; and proved the development of a 
great volcanic series, corresponding in character to the Nassau 
schalsteins. Champernowne generously placed his field maps at 
the disposal of the Geological Survey. In reconciling the 
different versions on his maps, where he entertained doubts as 
to the structure or succession of the Devonian rocks of the 
Torquay and Paignton area, during a careful survey made on 
the then new 6-inch maps, the present lllap was evolved. 

The discovery of an Upper Devonian fauna, of the Budesheim 
type, by the late J. E. Lee at Saltern Cove, also afforded an in
valuable basis of research, by which the structure of many parts 
of the district and the distribution of th8 Upper Devonian rocks 
was determined. 

Through the kind offices of Messrs. Gosselet and Kayser, who 
identified fossils collected in the Lower Devonian districts during 
the earlier stages of the survey, representatives of Upper and 
Lower Coblenzian horizons were shown to occur in the Cocking
ton and Paignton area. Champernowne had regarded the 
Cockington grits as of doubtful age, but possibly the representa
tives of the Psct?llmites de Condroz of Belgium, and Lherefore 
Upper Devonian. The Lower Devonian rocks of the Dartmouth 
and Kingswear area, unller the name" Dartmouth Slates," were 
left undefined as to position by Champernowne and the author, 
in classifications of 1889. 

The survey of the Devonian rocks, begun in Sheets 339 and 
350 in 1887, on the basis of Champernowne's map, has been 
carried on throughout South Devon and in East Cornwall; as 
far as Looe and Liskeanl. The Lower Devonian rocks have from 
the first occasioned the greatest difficulty. The absence of con
secutive succession has necessitated very minute observation, 
the collection of many typical specimens, and the accumulation of 
problems, rather than of evidence for their solution. However 
on reviewing all the work, it was found necessary to arrive at 
some general hypothetical succeRRion which Rhould be tested by 
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its efficacy in explaining the apparently conflicting evidences as 
to the composition anrl succession of the Lower Devonian rocks 
in different areas. The last area surveyed, that of Looe, clearly 
demonstrated the necessity for a reconsideration of the relations 
of the Lower Devonian rocks of this and the intervening 
areas. 

Since 1898 this work had been rapidly carried on when 
opportunity offered, but the Lower Devonian coast line, south of 
Brixham, was not revisited until March, 1902, when it was 
brought into direct and satisfactory relation to all the other 
Lower Devonian coast sections as far west as Fowey. Local 
names were used to denote lithological types which appeared to 
have detlnite stratigraphical value; but the progress of the survey 
tends tJ show that, although indispensable to the investigator, 
the retention of local names (many of them synonyms), is a 
needless tax on the memory: for it must be borne in mind that 
(except in N arth Devon and ,Vest Somerset) the British Devonian 
had never been subdivided prior to the commencement of the 
present survey; whilst in France, Belgium, Germany and Russia, 
the main subdivisions and the faunas which characterise them 
Imcl been carefully worked out. It is in these divisions or stages 
that we have to group the British Devonian rocks. 

Of the two principal Continental types-the Franco-Belgian 
and the German-the Devonian rocks of South Deyon approxi
mate most closely to the latter, although the lithological 
characters of the correlative horizons are in some cases quite 
different. Thus the Upper Devonian shales of Budesheim are 
very unlike the red slaty mudstones of Saltern and Silver coves, 
although characterised by a similar fauna. Still less do the 
Upper Devonian slates of South Devon resemble the Upper 
Devonian shales of the Ardennes. As regards the Upper 
Devonian, the chief lithological resemblances are to be found in 
the calcareous beds near the base of the Upper Devonian, in the 
Chudleigh, Torquay and Paignton districts. 1n these districts the 
decomposed calcareous nodules, characteristic of the K nallen 
Kalk, are occm:ionally met with in the slates; beds made up 01 
almond-shaped concretions of compact limestone recall the Ger
man K?'amenzel, and the shaly red Ganiatite limestones of Lower 
Dunscombe, Petitor, etc., represent the Guniatiten Schichten. 
In the limestone masses, partR homotaxeous with the Rhyn
chanellct cubaides zone and the Middle Devonian StTinga
ceplwl1&s limestone in their lithological variations are identical 
with continental equivalents; as also in the Cfl,se of the lower 
beds of limestone, corresponding to the Eifelian limestones 
(Calcail'es de Cauvin). As regards the Lower Devonian the 
Meadfoot beds correspond in character more ur less with the 
Lower Coblenzian, and the grits above them are more or less 
similar in character to the Upper Coblenzian. The mottled red 
and green slates of the Gedinnien resemble the Dartmouth 
slates, though not necessarily on the same horizon. For purpose~ 
of comparison or reference the continental horizons may be 
summarized as follows :-



!XTRobrctION. 

Franco-Belgian. 

UPPER DEVO::'IAX {e pper part Fammenien 

Lower part Frasnien 

)IIDDLE DEVONIAX Cal caire de Givet 
(including Calcaires et schistes de 
Eifel ian) Couvin 

J 
Coblenzien Superieure 
Coblenzien Inferieure 

LOWER DEVONIA::') 

~ Gedinnien 

Gennnll. 

'" I 

Cypridinen Schiefer J Knollen Kalk, Kramenzel 

lGoniatiten Schichten 
Iberger Kalk 
Stringocephalen Kalk 

I Calceolen or Eifler Kalk 
l Calceolen Schiefer 
Ober Coblenz 
enter Coblenz 
Hunsruckschiefer 
Taunusien 
Gedinnien 

A further correlation is IllaJe by the correspondence of the 
JIiddle Devonian volcanic rocks, south of Totnes, named the 
Ashprington series, with the schalsteins of Nassau. The general 
correlation of the Devonian rocks in Sheet 3':50 with those of 
the Continent is unquestionable. 

Dr. Kayser* thus refers to the correspondences of South Devon 
and West German Dcyonian horizons :-" 'lYe find first of all in 
South Devon a rlevelopment which in every aspect most 
intimately connects it with 'Vest Germany. In the Upper 
Devonian we have the Knollen Kalk with Glymenia, Cypridinen 
Schiefer, Adorf Goniatite limestone, Bitdesheim shales anrl Iberg 
Coralline and Brachiopod linm:tone; in the Middle Devonian, 
Stringocephal'ns limestone, Calceola limcstone, Calceol(~ slates, 
and possibly also Goslar slates; finally in the Lower Devonian, 
Upper and Lower Coblenz beds and Biegener grauwacke-that 
thlS crops out at L~oe in ~ornwall I have already proved through 
a small but typlcal fauna-(Jah?'b. d. Kgl. Pnuss. Geol. 
Lamdesanst(~lt, 1882-3). This widespread agree'ment is 
strengthened by the appearance of numerous greenstones which 
are accompanied, as in Nassau and the Harz, by schalsteins 
[slaty sheared volcanic rocks 1 and contact rocks." 

On the other hanrl, no boundary can be drawn for represen
tatives of the Rhynch(}nell(~ c(~boides zone, as the Lummaton 
fauna proves the co-existence of Rhynchonell(i cuboides and 
StringocephalH8, and there is no lithological distinction by 
which such a line could be traced, if this were not the 
CH,se. 

As regards the Lower Devonian, the boundaries between 
the Warbeny and Meadfoot beds cannot be proved to be 
a division between Upper and Lower Coblenzian, or even 
to possess absolute stratigraphical value, and although 
the Looe rocks have their equivalents in the area to 
the north of the Dartmouth slates, they cannot be separated 
out. 

* Translated from Neues Jahrb. fiir Mine1'alogie, etc., IRR9. Bd. 1. 
Zeitsch. IR9. 



TARI.E OF FORMATIONS WITII FOltEWN EQUIVALENTS AND LOCALITIER. 

Hiver Terrace Gravels Dart Valley :.brYVe Totlles; north of Paignton. [
Alluvium - - - Of K Dart :\lId tributaries, and of streams wiLh seaward outlets. 

) klllJlllerged ForeMts - 'I'm Abbey kalld~, the l'aignton Coast, BJaekpool ncar Dtoke Fleming. 
J I,I~riiTO(,Il:-lIl" l I le:1d - - - Traccs Oil It,lised Bcach Platforms at Hope's Nosc, Chllrston Cove, &c., not shown on the Map. 

Baisel[ Beaeheo - I1ope'R Nose, ,]'h"tcher Stone, Clmrston Cove, ncar Berry licari, :-ilmrkham Point. 
Cavern JlppoHits ](ellt'8 Cavertl, Windmill I fill Cavern Brixlmm, Happaw,w Cavem, Anstey's Cove Cavern. 

],ovllm NEW ItED Clays with S,1l\([Y beds, Breeei:1tell Clays - - Petit Tor, N. of Torre Station, Edgillswell, N. of Com pion, &c. { 
COllglolllnmtc and Breccia with heds of Hock Daml Oddicombe Beal:h, Dt. Maryelmrch, \V. of 'I'orquay, l'aigntOlI. 

(I'eTlliI>ui) R,lII<istolle olltlil"rH and in fif\sures in limestone - Outliers near Waddeton, Brixhalll, Durl Jlead; fissures ncar 
Chumton Cove and Derry Heall. 

CYl1riliilll;n kchiefer Ited and greenish slates with EntomoHtraca, Anstey's Cove, Uoollringtoll. 
Biidesheilll Sehicfcr Bed slates and slaty Il11Hlstone, Saltern Cove, Lvy Cove. 

() "1''''ll DEVONIAN K nollelI- Kalk llnrl K mme lll':e I ~lates, &,;., with calcareous nodules, compact coneretiollilry lillle~t()ne, ~n.ltem Cove, 
Ivy Coye, I1shalll. 

.\11 \) D L1.; J h; v ONI.\N 

(lolliatitcn 8chichten lrrl)gnli1l" liver-coloured shaly limcstonc, Petit Tor comlJP, Anstey'" Cove, Ilshalli. 
Ithynchollclla eu boides ;l,ol1e P:lle lllassive suh-crystall ille I irneHtone, Lum11ll1tOll, Petit Tor, Iishalll, &c. lleddl'l] 

I imesione, Uoorlri ngtoll, I~lbury, &c. 
Stringol:ephalen-Kalk -

r-;,~ri n"."{)!:l'/ .halell-kclr icf er 
hltler·l\a k - - -

Eifter-~clrider 

Upper Cohlenllien-

l'Ilassive and bellded limeHtOlleH mostly corallino, B,l1Jbacolllue, '1'0 rrllUiY, Brixhi1ll1, 
Il'plepell, Madelon, Dartington. 

klatcH replacing limestoue in J)arting-tOll Park, Broadhen1}.ston, &c. 
'L'hin-ilel]l]el], slaty and shaly limestolles, Hope's N ORe, Hcdgate Beach, D,lrlrly Hole, &1:., 

M n<istone B:1Y, lIarbertollford, ,\.cc. 
Fossiliferous irregular, partly calcl1reons, slates, Jlerry Park; more even slates, 

M url"tone Bay anticline, &c. 
- 8tarllloll elI·its - Han] quartzose griti'l, red, Ilull green al1(] grey grits, with slates and 

shales. Top berls west of Hope's Now Haised Beach. M:lin outcrop from 
north elld of Houthdown Cliff westwan], W,lrberry Hill, Lillcombe 
Hill, Torquay, Codcington, &e. 

{ 
Meadfoot BedH, Dark grey slates, knuubly anll irregular, with comp:lct grit beds, 

including and fossiliferous calcareous bands. Dark grey slates with silty 
Looe Beds films, occasional heds of grit, andlenticles of lilllestone. Beds of Looe 

Low 1m 
Lower Cohlenzien and 

DEVONIAN 'l.'aunusien 
(kiegener Orauwacke) 

Gerlinnien (7)-
. and ltingmore type on coast, Routh of :JilLn Dallds locally red stained. 

• ])artmouth Slates - Variegated, purple, green, &c., glossy slates, grit shales (quartzo
phylladeH), and occasional bedH of hard grit. Scabbacombe Head to 
S.W. corn~r of map. 
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The Ashprington volcanic rocks, consisting of shalsteins, tuffs, 
and hard diabases, occupy a considerable area south and south
east of Totnes. The Eifelian limestones, which emerge from 
beneath them near Dittisham, Corn worthy, etc., prove that the 
earlier eruptions took Dlace during, or immediately preceding, 
the deposition of the Eifelian limestones. The distribution of 
the Brixham and Yalberton limestone masses with reference to 
them justifies the inference that volcanic rocks in this area of 
maximum vulcanicity locally represent the Middle Devonian 
limestone masses. Although the Ashprillgtoll area furnishes no 
evidence of the date of the most recent eruptions, it is very 
probable that these were coeval with emanations from local foci, 
which in some cases, as at Black Head, Goodrington, etc., obscure 
the relations of the Upper and Middle Devonian, and may have 
been protracted to a stage as high as the Goniatite beds near 
the base of the former. 

UPPER DEVONUN 

UPPER AND :MIDDLE 
DEVONIAN (About 
the Stage of Rhyn
chonella cuboides 
Beds) 

MIDDLE DEVONIAN 
(inc! uding Eifeliall 
Limestone) 

TABLE OF Immous ROCKS. 

Calcareous Tuffs - - - An~teYH Cove, Black 
H&'1d. 

Di[,base of Black Head? (Carey Arms, Dabba
combe 7) 

Felspathic Tu.ff~ in slate~ HookwellH, West of 
Churston Cove. 

Schalsteins, &c. - - - - Black Head,' Saltern 
Cove, Goodrington. 

Crabs Park, volcanic 
rocks in part. 

Ashprington, volcanic 
rocks in part. 

Schalstein~,TuffH,Diabases Crabs Park, volcanic 
rocks in part. 

Ashllrington volcanic 
area,SharkhamPoint. 

Dartington Park, &c., 
m"jr Hill, Babba
combe Cliff. 

Two B"nds in Lime-
stones of Hope's 
Nose. 

Southdown Cliff, 

In :Jleadfootj S"I d D' b 
Beds or re )re- "leare .la ases 
sentatives I of ·(prohably III part 
Looe Bec).;\ j cOlltemporaneous) 

S. of Crabrock 
Point. 

Near N ethway 
House, Sand
<J.uay. 

LOWER DEVONIAN 

In or on Dart_{Sheared Diabas~s 
mouth Shtes and FelspathlC 

Tuffs? 

Townstal, Lower 
N orton,Bugford. 

Coast of Ki'l1gs
wear Promon
tory. 

Stoke FIe ming 
Coast and 

Blackpool Valley; 
Hrookhill (near 
Kingswear ), 

Hansel, &c. 
The boundary lines on the map, as regards the Devonian 

rocks, are only st.ratigraphical so far as the characters by which 
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they were dm wn lllay be regarded as persistent or reliable 
indications of stratigraphical horizons. The uncertain value of 
colour distinctions ,lml lithological distinctions which may have 
been produced by seconchry agencies must be taken into 
account. In parts of the area it is uncertain to what extent 
slates lllay represent the limestones, and this is of course 
naturally the case as regards volcanic rocks, there beina no 
cyi(lence to show the date of the upward limit of the Ashp~ing
ton volcanic series. As regards the Lower Devonian, the darker 
tint on tl~e map del!-0tes .the pl:evalence of grits in the Upper 
ueds (the ~tadd?n gnt senes) WhICh may be regarded as roughly 
homotaxeous WIth the Upper Co blenzlan; but it also includes 
red-stained ::\Ieadfoot beds, which cannot be separated in the 
Paignton area, ,md developments of grit in that series. The 
Dartmouth slate n&TOllP does not occur in the Torquay and 
Pl1ig·nton are,1S. 111e boundary between this series and the 
::\Ieadfoot beds, west of Stoke Fleming, owing to the absence of 
marked lithological distinctions in the slates, and the danaer III 
placing too much reliance on colour, the almost indefinite r~peti
tion of j unction beds, and bad prcsermtion of fossils and lack of 
time to search for them, is not satisfactory although carefully 
drawn. 

STR UCTU}{E. 

The district is cut up by numerous faults resulting from the 
cOlllpression and contortion of it complex group of rocks of 
different degreeb of hardness, and the contortions exhibited by 
the older rocks, eyen where exposed in section, are often so 
uroken by small slides and faults, that it is not easy to trace 
their etfects 1\"ith certainty. Owing to the shearing to which 
inyerted contortions haye been subjected, many small slides or 
thrusts have taken place throughout South Devon, and these, 
in homogeneous rocks, tend in SOllle cases to obscure both 
bedding and cleaYage. Sections prove that appearances of 
horizontal hedding are sOllletimes due to lllore or less sharp zig
zag plication, and ~his structure, accompa?-~ed by small ~~rusts 
and faults, may produce an apparent dovetaIlmg between dIfferent 
members of the Devonian series; as in the Petitor syncline. 
~\yhere junctions are not actually exposed, it is in many cases 
impossible to say whether they are faulted or natural. As the 
e~ddence for a comparatively trivial fault lllay be mar~ed w~ilst 
an important one cannot be traced, the presence of fault hnes 
on the map in one part of the district and their absence in 
another, as for instance in the Torquay area, ll;nd in the ar~a 
south of the Dart, is no proof whatever of then prevalence m 
the one district more than in the other. In tracing a com
paratiyely ~istinct boundary, such as t~at of. th~ Lower 
Deyonian gnts, ~westward from Sharkham POIllt, whICh l~ almost 
invariably marked br feature (th~ ol~er. rock occupymg ~he 
higher ground), there lS a .strong a p1'~on r~a.son for mferrmg 
fault and thrust boundanes, but theIr posltIOn, as south of 
Brixham, after the evidence had been completely exhausted, 
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remains doubtful. -Where the Lower Devonian is in contact 
with the Upper on the north of Goodrington, there is a reversed 
fault or thrust boundar v of considerable magnitude, which is 
prolonged round a part· of the Lower Deyonian of the Paigntop 
area and shifted by cross faults. In ~pIte of these reIl~arks .It 
must not be inferred that the Devoman rocks are qmte dIS
membered by thrusts. Thrusts and faults have taken place in 
consequence of the minor foldings and contortion of the roc~s, 
producing numerous minor displacements, but the larger dIS
Iocations have a direct relation to the main structural curves as 
lllav be seen on either side of the Middle Devonian syncline 
bet'\veen Paignton and Man Sands, and there is no proof of the 
rocks being anywhere thrust out of their true relative position. 

A map ~n tlie one-inch scale is too small to enable us to depict 
t he geology in a wholly satisfactory manner, as minutim of con
siderable local interest and importance cannot be adequately 
shown upon it. 

The map is not overburdened with dips, because their amount 
and direction are of little consequence in an area where the 
rocks are thrown into sharply inverted folds, and are seldom 
observable fi-ee from contortion or fault for many yards. 

GENERAL STRUCTURE. 

The indications of southerly dips, prevalent in the southern 
parts of the area, show that the axes of the folds are inverted 
toward the north. Although the constant evidences of dis
turbance and dislocation, met with in the area, naturally tend 
to ubscure the true value and persistence of lithological and 
palaeontological horizons, their etfect on th8 general continuity 
and structure of the rocks is less than might be supposed. 

Striking east and west the main Lower Devonian outcrop 
terminates in Southdown Cliff, just south of Sharkham 
Point. It is separated on the north from thE; Lower Devunian 
(which bounds the New Red rocks of Paignton) by Middle 
Devonian slates, limestones and volcanic rocks; whilst, still 
further north, the Lower Devonian rocks of Torquay are 
separa ted from those of Cockington by Middle Devonian slates 
aud limestones. Hence it follows that the limestone of Berry 
Head occupies a syncline troughing out eastward; the Paignton 
area, an anticline terminating westward, and the TOl·quay pro
montory, an anticlinal dome or oft~'let from the Paignton anti
cline. The efiect of these structures is to produce a great 
superticinJ representation of the Middle Devonian rocks, thr'ough 
the flattening or dying out westward of the great structural folds 
in a series of curves, repeating the beds with an endless accom
paniment of small contortions. The map does not show this 
~isposition of t~e Middle Devonian ro?ks because of the imper
sIstence of the hmestones, through theIr replacement by volcanic 
rocks (" The Ashprington series" of Champ ern own e) in the district 
south ~f T.otnes, and by slates in the Dartington and Broadhemp
ston dIstrIctS. Another effect of the general structure is the 
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greater dislocation an~ displac~~ent of the Tocks in the vicinity 
of the Lower Devoman antlClmes. Thus, wherever Middle 
Devonian limestones are in contact with Lower Devonian rocks, 
a thickness of at least 170 feet of Eifelian slates has been cut 
o,ut by fault or th~ust; wherev~r Upper Devonian rocks, as at 
Saltern Cove, are m contact wIth the Lower Devonian, at least 
400 feet of Middle Devonian rocks are missing. Upper Devonian 
rocks have been identified at Petitor, Anstey's Cove, and Ilsham, 
on the flanks of the Torquay anticline, and at Saltern Cove 
Goodrington, Elbury and Silver Cove on the south of th~ 
Paignton anticline; yet in the district between Ipplepen and 
Totnes, away froll the Lower Dev~nia,n rocks, we have no proof 
?f the occurr~nce of UPI?er Dey-oman, and may, therefore, safely 
mfer that-neither the dislocatIOns nor the folds are of sufficient 
magnitude to trough them in. 

Fig 2 . -VIEW ACROSS REDGATE BEACH. 

The sketch is taken from the path to Ilsham, looking acr<?ss Anstey's 
Cove, Devil's Point and Redgate Beach, to Long Quarry: Pomt. .i;\t the 
step-ladder red shale and shaly limestone (Upper Devoman) overhe ~he 
Devil's Point limestone which may represent the Rhynchonella wboides 
beds. On the further side of Devil's Point is Redgate Beach, at the foot of 
a tumbled slol?e of slips and debris from a cliff of contorted and faul!ed 
Middle Devoman limestone, there is a partial expos!lre of .Lower Dev<?man 
shale and grit under dark Eifelian shales. Beyond IS the lImestone (Middle 
Devonian or R. cuboides beds) plateau of Babbacombe Downs .. Along the 
cliff face dark Eifelian limestones, plicated with a mass of ~rey Il.llles~ne\ a.re 
shown; these beds slope outward from the face of the clIff which. cOlncld~s 
with a fault by which they are brought up to the south. The chff face IS 
also broken by two cross faults, facing the spectator: between these red shaly 
limestones (probably Eifelian) are brought up, and appear to rest o~ the 
slates. The broken ground masks numerous faults slips, talus, and hme
atone blocks. 
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From what has gone before it may be regarded as a truism to 
point out, that comparative breadth of outcrop affords no indica
tion of the thickness of any group in the Devonian series. 

Fig. 2 has been selected as the best illustration of the com
plexity of structure and presence of faults in the vicinity of the 
great structural curves. The distance represented is not more 
than from twenty-three to twenty-five chains, and in it rocks of 
Upper, Middle, and Lower Devonian age occur. It also 
illustrates the character of the limestone plateaux and the erosion 
of the softer strata along lines of weakness. 

The cliff face of contorted Middle Devonian limestone, 
parallel with Redgate beach, and coming toward the spectator, 
cannot, of course, be shown; but the tumbled masses of lime
stone and broken ground, at the foot of this cliff face, is due to 
slips, occasioned by faults and cracks on the down, parallel with 

Fig. 3.-SKETCH MAP OF REDGATE BEACH, (Scale 6 inches = 1 mile). 

Long Quarry POlOt . 

. L 

Ansteys Cove. 

UD. Upper Devonian red and greenish slates and sh'\l~. 
G. Apparently shaly Goniatite-limestone with calcareous tuff. 
L. Middle Devonian limestone. 
hI. Thin dark limestone (Hope's Nose beds apparently) faulterl aga;nst 

the limestone cliff and folded round pale-grey rather thin-bedded lime· 
stone i,.,. and reddish thin-bedded limestone. 

8h . .tteddish and dark-grey shales (Eifelian). 
LD. Lower Devonian, red shales and red-brown grit, and grey slates with 

occasiond beds of grey grit. Largely concealed by talus. 

the cliff edge, in beds of limestone dipping seaward at a com
paratively low angle. Fig. 3 shows the locality in plan. Fig, 1 
(Frontispiece) is a section drawn across the map due north from 
Stoke Flemin!t It shows the Paignton antIcline and main 
outcrop of the Lower Devonian rocks. 
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('HAPTEB IT. 

LOWER DEVON lAX 

The Lower Devonian rucks of the area consist of sla,tes and 
grits irregularly associfttecl. 

The slates vary from purely argillaceous to fine silty, more or 
less siliceous, sediment, and these varieties are frequently found 
interlaminated or interbandod. For instance, at the north end 
of Long Sands, at Scabhacombe Sand, etc., on the coast 'louth of 
Berry Head. The siliceous slates locally become welded into 
musses of hard compact grit. 

The slates, througb coincidence ot bedding with the prevalent 
sontherly dips of schistosity, frequently present i,he appearance 
of shales, and, where associated with hard beds of grit, as in the 
CO:lst north of Man S,mds, or rendered intractable hv siltv 
admixture, they become shales; the tendency to cleavage "in thVe 
Iltter case being often shown by the undulation or incipient 
gnarling of their planes. The grits "ary from a fine grained rock 
to a hard silty mudstone; they are more or less felspat.hic. The 
relatively coarser grained and more distinctly quartzose grits are 
granular, or assume the character of quartzite. Of the former 
the red speckled grits of vVarbeny Hill constitute an easily re
cognizable type, which is met with here and there as the Lower 
Devonian rocks are followed along their strike into Cornwall. 
Oft he latter typical examples are furnished by grit bands and 
masses associated with the variegated slates of Kingswear pro
montory. The more felspathic varieties, and the finer silty 
sediments form hard or dense grits or siltstones. 

Strings, lenticles, or bands of limestone are found in the slates; 
they are mainly of organic origin and are often completely altered. 
bv thedissol utionof the lime,in to brown friable compressed residues. 
The presence of these bands furnishes a much more reliable 
guide to the classification and structure of the Lower Devonian 
rocks than is to be obtained by a study of the character and 
distribution of the grits, and the distribution of colouring 
matter. 

Looked at broadly, grits are of more frequent occurrence in 
the upper part of the Lower Devonian where the arenaceous or 
granular varieties prevail; lower down they usually occur in 
intercalated beds, bands, or seams, and are more close textured 
and silty. The arenaceous rocks are generally reddish, red
brown, or dull green, and the associated slates reddish or grey. 
The compact grits are more often grey or brown; where this is 
the case they have been called Meadfoot beds, but where reel 
they cannot be separated from the overlying types. qhamper
llowne gave to the upper series the name of" The Lmcombe, 
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Warberry and Smugglers Co,e Grits," but the term "Staddon 
Grits" used by Holl is the best general term-they are developed 
on Staddon Heights south of Plymouth. 

The term" Meadfoot Beds " was applied by ~engelly to dark 
slates and mudstones, with beels of compact grIt and calcareous 
fossiliferous bands which form the clifts under Kilmorey and 
aboye the north p;rt of }Ieadfoot Sands. These beds constitute 
a passage between the Lower Devonian rocks, where grits are 
prevuJent, and the slates where they are of less frequent occur
rence. The uppcrmost beds of the :\Ieadfoot series are therefore 
sometimes mapped with the Staddon grits, and sometimes 
separated according to the vagaries of colour distinction. In 
the P.tignton anticlinal the pl'C"ntiling red colour preYents any 
boundary being drawn bet\yeen the Staddon grits and Meadfoot 
beds. The lll,lin mass of this series consists of grey slates, locally 
red-stained, containing films or lenticles of limestone in places, 
occasional bands of hard grit and siliceous or silty interfilmings. 
In thc area occupicd by the group, it will be seen that grits have 
been mapped, notably the mass extending westward from Long 
Sands. These are coloured the samc tint as the Staddon beds 
and thcy may be synclines of the basement beds of that group 
or of the grits in the upper beds of the Meadfoot series. Thcir 
OCCl1l'rence is analogous to the grits of' Looe and Beesands 
(Beeson) near Torcross (in sheet 356), in which rocks of the 
Warbeny type are common. The rocks of the Torcross and 
Kingsbridge districts, as well as the various types of the Looe 
fossiliferous rocks, are all included in the lVIeadfoot series. 

Below this group come the Dartmouth slates, a name given by 
Sedgwick to t,he glossy lilac, purple, and green variegated slates 
occurring south of D,ntmouth and east of Kingswear. Beds of 
grit and quartzite occur in this group. Its rehtive position was 
unknown prior to the year 1898, during which the Looe area was 
surveyed and the Dartmouth slates proved to be continuous 
with the Polpeno beds. When the map (350) was published, June 
1898, the Dartmouth slates, although separated by a broken line, 
were not differentiated bv colour. As in the case of the Staddon 
grits, the junction of the Dartmouth slates with the Meadfoot 
series is most uncertain. During the survey of the district 
a sharp colour distinction between dark slates (regarded as 
l\Ieadfoot Beds) and lilac, red or purple, and green variegated 
slates, was taken as a boundary line, but on revisiting the 
Kingswear promontory (in 1902) it was found that red slates and 
grits with limestone of the Looe type had, through dependence· 
on colour, been included in the Dartmouth slates, the boundary 
being further south than the broken line on the map. . 

There is no evidence of the presence of the Dartmouth slates 
at the surface in the Paignton and Torquay anticlines, and these 
are so broken up by faults that the structure of the Lower 
Devonian rocks can only be made out by it study of the main 
outcrop in the southern part of the map. In this area the coast 
section between Scabbacombe Head and Sharkham Point 
fllmishes tho best and most continuous exposure. 
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Proceeding northward along the coast, the greenish, purple, 
red and grey, partly siliceous slates of the Dartmouth group, 
with grey or green beds of hard grit or quartzite here and there, 
arc associated ~with sheared igneous rock (perhaps originally 
a felspathic tnff of a type met with in the same series at Brook 
Hill near Kingswear, etc.) at a few chains north of Scabbacombe 
Heacl. At a few chains further north the red shaly grit and 
slate fragments on the surface contain fossils and brown friable 
seams which are the only indication that we have passed into 
the l\feadfoot group. The coast being here inaccessible, it is 
impossible to say whether the junction is a natural one or 
faulted. The same beds are exposed at the Post Office, Kings
wear. The cliff at the south end of Scabbacombe Sands consists 
of dark grey slates invertedly overlain by red, partly siliceous, 
slates with bands, films, and lenticles of red crinoidallimestone, 
in which irregular white streaks of calc fip::]' replace organisms 
which were probably for the most part l\fonticuliporoid corals. 
A large fallen block of red limestone with the same white 
markings, is identical in every respect with red and dark grey 
limestone associated with the Looe grits on East Looe Beach 
and with the dark grey slates in junction with them at Millen
dreath. In the intervening coast sections there are similar 
limestones in the cliffs under Tregantle Fort; south of Plymouth 
between Crownhill Bay and Andurn Point; between \Vestcombe 
Beach and Armour (or Ayrmer) Cove near Ringmore, and by 
the RiYer Avon between Sharpland and Cockridge Points. 

Proceeding northward we encounter successively dark grey 
slates, contorted in places, grey slates with bands of grit and paler 
silty interlalllination; a thrust fault bringing on dark slates with 
hard black patches, possibly fish remains, and limestone films with 
ZCLphentis and cl'llloids, then dark grey slates mottled with 
bright red (ologiste) splotches. These beds are succeeded by the 
Long Sands grits, dense, often thick bedded, arenaceous or silty 
rocks evidently much disturbed. In one spot small fossil 
markings, resembling Gasteropods, were o?sel'ved in a hcematitic 
patch on the surface of a bed. Small mcluded fragments of 
buff slate or shale, are occasionally met with, particularly in one 
thin band. This is a phenomenon exhibited by the Looe grits 
and by the Staddon grits, and may be due to contemporaneous 
deposition or erosion. 

The grits are associated with pale reddish slates, and apparently 
much contorted; they are continuously exposed in the low shore 
cliff: and make a vertically contorted junction with dark slates, 
in which a fragment of a Pachyporoid coral replaced by quartz 
was found. it litrJe further north the slates exhibit silty inter
banding; at the n~nth end of the sands they contain sma~l black 
patches, one of whlCh revealed the structure of a Ptm'aspts plate. 
At the point, further on, limestone films with the (l\fonticu
liporoid?) markings previously describe(~ are to be s~e~, near 
dark slates with bands of pale coloured Igneous rock snIlllar ~o 
the rocks in the 1'orcross section. The prolongation of thIs 
horizon westward would connect it with the traces of igneous 
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rocks found in the grey slates of the X er,hway House Valley. 
Further north the slates become reddish, and contain films of 
crinoidal limestone, then dark gTey, containing bands and 
lenticles of (Monticuliporoid 1) limestone similar to that in the 
red beds at the south end of Scabbacombe Sands; we next 
encounter traces of iQTIeous rock of the Torcross type at the pro
jection of Crabrock P~int,l'ound which it was impossible to proceed. 

On the north side of Crabrock Point at the south end of 
Jlan Sands the section consists of dark grey slates with 
occasional seams of hard grit, veins of quartz and calcite, and 
int,erlaminated beds of Torcross and Tinsey Head types. Da~'k 
slatt;s with occasional pyritous nodules prevail for about SIX 

chains beyond .Man Sanels Cottage, in the lower part of South
down Clift: The dark slates become blended with reddish 
coloured slates further north, and the schistositv is, in places, 
crossed by hard red decomposed fossiliferous bands, no doubt 
originally more or less calcareous, and occasionally forming bands 
or films of crinoidal limestone. A decomposed red-brown 
sheared igneous rock, about 2 feet thick, was noticed in these 
beds. At about twenty-five chains from Man Sands Cottage the 
section is broken by great tumbled blocks of hard grit, which 
occurs in thick bedded masses and in single beds in lilac-red 
and greyish slates, and both in the larger tumbled masses, and 
in low clift' exposures exhibits many inverted curves. These 
grits are very hard and compact, and in brown weathered 
patches there are traces of fossils, which, owing to the toughness 
of the rock, cannot be extracted by the use of an ordinary 
geological hammer. The appearance of these rocks connects 
them with the hard brown grits exposed in the New Drive near 
Hope's Nose, in which H01nalonotus remains are abundant. 
The association of hard masses and beds of grit with reddish or 
grey slates continues for about ten chains north from the pro
Jection of the coast beyondlUan Sands. Grey slfttes then prevail 
for about 60 yards, and overlie invertedly, reddish and arey 
slates with beds of hard grit, and red-brown shaly, more or less, 
micaceous sandstone. These show many inverted curves, and 
appear to constitute the base of the Staddon grit group, being 
cut off by a north-west and south-east fault, bringing up Aphanite 
and volcanic rocks of Middle Devonian (probably Eifelian) age. 

In this section the obvious resem blance of the limestones, whether 
occurring as bands, films, or impersistent lenticles of some thick
ness, at the south end of Scabbacombe Sands to those south of 
Crabrock Point (whether the organisms are l\Ionticuliporoid 
corals or not), leaves no doubt as to their being repetitions of 
the same horizon. There is every reason to conclude that the 
sequence froUl Man Sands northward is a gradually ascending 
one. \Vhether the hard grit beds and masses on the south of 
the Staddon grits should be embraced in that series, or in the 
upper part of the l\Ieadfoot group, must remain a question 
awaiting the collection of characteristic fossils. 

The discovery of Pleraspis at the north end of Long Sands, is a 
corroboration of similar finds in the dark slates of Looe above 
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the variegateu D,ut11l0nth slates, anu by Mr. Brook-Fox in the 
grey slates of Armour (Ayrlller) Cove (sheet 355). It is 
certainly suggestive of the proximity of the Dartmouth slates, 
but, on the other hand, the upward range of Pteraspis has never 
been ascerttlinecl in these rocks, and hard black patches are of 
common occurrence in the grey slates of the Plymouth section 
at higher horizons, and exactly similar to those in the slates on 
the north and on the south of the Long Sands grits. 

The coast being inaccessible toward Scabbacombe Head (as 
previously mentioned), it is impossible to say whether the Dart
mouth slate boundary is natural or faulted. Though the latter 
supposition is rendered probable by the usual intervention of 
dark slates between the Dartmouth slate and the red or grey 
fossiliferous beds of Looe, yet the local upward extension of red 
colouring matter would render such an intervening series indis-
tinguishable froll] the rocks above and below. C 

. As regards the Long Sands grits and dense silty mudstones, 
the boundaries and colouring on the map suggest it repetition of 
higher beds, which cannot be assullled in the face of the occur
rence of masses of silty rod" in association with the slates not far 
aboye the Dartmouth 'series in the Looe area. 

The Lower Deyonian rocks exposcd in the River Dart sections 
appear to be in unfaulted relation to the Eifelian (or lower 
Middle Deyonian) slates; consequently the Staddon grits are 
better developed than on the coast. Their normal type is 
greenish, dull purple, brown, and reddish, more or less micaceous 
saudstones or fine grits, in thick or shaly beds, associated in 
yariable proportions with reddish or greyish slates. Hard grey 
and red quartzose grits, similar to the upper beds of the group, 
shown in the coast section near Hope's Nose Raised Beach, are 
also present. A few feet of peroxidated igneous rock, probably 
intrusive, was noticed in the Staddon grits at Lower Kilngate. 

The junction of the Staddon and Meadfoot beds is concealed 
by N oss Creek, but the latter series is typically exposed in 
Higher NosE. Point, consisting of grey slates with hard beds of 
compact grit in places, and bands andlenticles of fossiliferous 
limestone, more or less siliceous, and often decomposed to hrown 
residua. N car Lower N oss Point brown weathered siliceous 
limestone lHtncls yieicled crushed Spirifers, regarded by Mr. 
E. T. Newton as similar to Sp.lyrimcvva or Sp. Decheni. On 
the west bank of the riYer, hard brown grits are more prevalent 
in the ilIeaclfoot slates; they see1ll to be contorted impersiste,nt 
developments similar to those on che south of the Stacldon gnts 
in the coast section, although not continuousl.y traceable in ~~e 
interyenino' district. The shores of Old 1\1111 Creek exhIbIt 
bands ilndlenticles of limestone, and of decomposed fossiliferous 
material; and sheared igneous bands, probably volcanic, also 
oocur in the grey slates. These are probably the ~westerly 
continu:.tion of the calcareous beds ncar Lower N oss Pomt. At 
It spring on the south border of Sandquay \Vood, near the 
N ayal Establishment, yariegated slates of the Dart.m.out~ slate 
type are exposed. If this is not due to local staIllmg III the 
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MeaJfoot beds, they owe their position to faults and disturb<lI~ee.s, 
to which the absence of a close correspondence in the sectlOns 
exposed on either side of the Dart is no doubt due. On t~e 
east side disturbances are marked by developments of quartz m 
masses, and in ,eins interlacing grit beds, ncar the Old Rock 
Inn, Ferry. Further south, 25 to 30 feet of brown weathered 
grit is exposed. If dips can be relied on, this horizon is repea~ed 
further south in two bands, which coalesce, through the dymg 
out of the folds in the intervening slate, to form the irregular 
mass shown on the map. These grits are probably a faulted 
continuation or a folded repetition of the grits of Long SanciB, on 
the coast, which ha,e been traced westward to ,Vaterhead Brake, 
but do not appear to cross ,Vaterhead Creek. On the west 
bank of the riYer the same horizon is represented in the north of 
Dartmouth by reddish slates WIth grits and sandstones, which 
are apparently in faulted junction with the Dartmouth slates. 
These have been traced westward for more than three 
miles. 

Ou the north of this gritty development, igneous patches or 
impersistent bands occur in the ~;lates, commencing at Sandquay 
quarry with rocks resembling sheared tufts and with porphyritic 
diabase. Although the m:tsses of Aphanite, etc., shown on the 
map lllay be intrusive, impersistent bauds which cannot be 
shown suggest contemporaneous vulcanicity and co-relation with 
similar phenomena in the valley at N eth way House, and on the 
north of Long Sands. 

A section taken across the strike of the Lower Devonian at 
Blackawton shows greater repetition of horizons than the Dart 
or Coast sections. The Staddon grits are repeated by a syncline 
at Blackawton, ~which can be traced to a connection with their 
main outcrop at Cltpton. The intervening anticline of Meadfoot 
beds is complicated by numerous folds, owing to the plica ted 
repetition of the Staddon grits on the western border of the 
map. The grits mapped at Hutcherleigh may be a repetitiun of 
the Staddon group, or a continuation of the Long Sands grit 
horizon, as the~' appear to be connected with the latter by 
arentweous mudstones and laminated gritty beds, visible in the 
slates at \Vashwalk, l\lillcombe Bridge and Pruston Barton. 

Further south, the lower horizons of the Meadfoot group are 
kept at the surface by innumemble, apparently small, contortions. 
No fossils were obtainCfl, although brown friable material was 
noticed in the slates ill places. Green and purple slates 
belonging to the Dartmouth slates occur at Combe on the 
western In[Lrgin of the map, and between America \Vood, Higher 
\Vallaton Cross, and Abbotsleigh, li)ac and purplish slates pre\'<til, 
also suggestive of anticlines of Dartmouth slates. Besides these 
there may be other anticlines which have escaped detection. 
The main boundary drawn by colour distinction is very irregular 
and so unsatisfactory that no attempt was made to separat~ out 
occurrences of grey slate in the Dartmouth slate areas in the 
~ingswear promontory, and ncar Stoke Fleming; although it 
IS probable that the igneous rocks of these districts occur on 

7052 c 2 



20 GEOLOGY OF TORQL:AY. 

the Sctme geological horizon as those near Tor, Leader vVouel 
amI Buckland near the southern margin of the map. 

This uncertaint)' cannot in,aliLiate the conclusion that the 
groups are kept at the surface by shallow repeating curves or 
contortions in this part of the area, just as the Middle 
Devonian rocks are relleated at the termination of the great 
structural anticline of the Paignton area. 

Through the s.:etio11s Hcros!'; the main outcrop of the Lower 
Dsyonian we learn that the general descending sequence is as 
follows :--

1. Grits, sandstones, and gritty shales associated with slates 
and shales and generally reddish, greenish, or brownish 
in cololll'. (Staclclon grits.) 

2. Dark-grey, pale weathered slates and shales with beds of 
grit, occasional impersistent bands of siliceous lime
stone, and gritty films. In this series impersistent 
masses of grit occur. (JIeadfoot group.) 

3. Purple, lilac, buff and green glossy slates with beds of hard 
grit or quartzite. (Dartmouth slates or Polperro beds.) 

The junction bet,,'een 2 and 3 is so vague that, although very 
unlikely, it is by no llJeallS absolutely certain that the volcanic 
rocKs in 2, near Dartmouth, may not be the same series as thA 
volcanic rocks on the Kingswear a~d Stoke Fleming coasts, and in 
the Blackpool Valley.* This uncertainty is due to the absence of 
characters sufficiently marked to detect the basement beds of 
~'lumber 2, if present, in certain parts of the Dartmouth slate 
areas. 

In general types the Staddoll and )Ieadfoot groups correspond 
to the LTpper and Lower Coblenzian of parts of Germany, and 
arc homotaxeous with them. From this it must not be inferred 
that the lower part of the )Ieadfoot group may not correspond 
to strata older than the Lower Coblellzian, or that the upper 
beds of that group may not be in part Upper Coblenzian. 
The solution of this question involves a special search for 
fossils. for which there was no time during th.e survey of the 
area. In the following notes, commencing with the lower 
str;1.ta, we shall endeavour to keep each group separate as far as 
possible. 

The area ~\Yas mapped in 1800-91 in entire ignorance of the 
cunneetion of these beds ,nth the yariegated slates of Polperro, 
,\-hi(;h was not clearh- established until the survey of the Looe 
area in 1899. Tal~ing the Looe district as the standard, 
both as reo'arcl5 lithological characters and relations, the Dart
mouth anl'Polperro slates are identical. The varieg~ted slates 
of Pol perro and Downderr.\-, where unfaulted, are 111 contact 

< Such a correlation would nnke the grits between Long Sands and 
(\)tterbury (near Blacka wton), difficult to account for, except as an anti
cline of the upper bed:; of the Dartmouth slates. 
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with a dark slate series ,,-hich scparates them from grits. 
At Looe Pte)'wspis remains haye been fO,und on the coas.t in the 
dark slates, and these slates are often mottled wIth red 
(ologiste) splotches. It is, therefore, highly rrobable that 
there is an insensible passage from the Pterc('spLs beds to the 
1\Ieadfoot group; and that a boundary drawn by col~ur 
characteristics may, in one place, exclude dark slates whlCh 
belonO" to the Dal'tmollth slate series and, in another, include 
colou~ed sin,tes which should be referred to the higher 
O"l'Ollp. 
b In the Dlutmouth slate districts between 8cabbaco111be Read 
and Stoke Fleming" grey slates are frequently met with. Their 
presence suggests the occurrence of synclineUs of the basement 
beds of the oyerlying series which cannot be traced through the 
irregllbr distributioll oi coloming matter. Beyond all question, 
in the (listinction of the ditferent groups of the Lower Devonian 
coloUl's are of great general yalue, but utterly unrcliable, where 
unaccompanied by lithological distinction, as a guide to absolute 
stratigraphical boundaries. It is necessary to insist on this, as 
the boundluies of the Dartmouth slates west of 8toka Fleming 
tHe entirely dependent on colom distinctions. Guided by these 
alone the e\"idence in the south-wcstern part of this area (and in 
the ac1j'lcent map, shcct 3.56) sho,\"s the gradual disappearance 
of this group westward through a series of' anticlinal plications. 
This theory is bornc out by the fact that, as a whole, the 
Dartmouth slate series is easily recognisable throughout its 
extension from PolpelTo in Cornwall to nIodbury in Deyon, bnt 
where in unfaulted junction with a grey slate series the boundary 
is nearly always more or less indefinite. . 

The UDartnl0uth slates are, as a group, characterised by the 
general prevalence of lilac, red, green and purple tints, often 
delicately blended with greys. Their glossy smfaces anel reddish 
and purplish tints often exhibit much resemblance to yarieties 
of the Gedinnien slates in the Ardennes. ~iliceous shales 
(Qnartzo-phyllacles) are COUlmon in the series and, in the 
districts sonth of Dartmouth, lllay represent the gTit intercala
tiOllS \\·hidl are otteu eOllspicllOllS iu the Killgs,\"ea~: promontory. 
The grit beds n.ry from Imrd dense grit and more or less hackh
fmctured quartzose gTit to qnartzite. On the east of I vv COy~ 
hard grey grits intersected by quart;,; yeins rest in illYerted 
synclillals on glossy pink and lilac-grey yariegatecl shttes, and 
form emgs on the summit. Between this and ~cabbaeombe 
Rea(1 a mass of similar grits forms a promolltoIT. The local 
chm'acter of such grit masses is exemplified on tIle Reyelstoke 
aml \Yembury c(jasts, at Bi11(10l\"11 awl l\mgorhn Tor in the 
Looe are,]' ltnt! elscwhere throllg'hout the extension of the o-l'OUp. 

On the hill aboye Kingswear, gTey and bille slates, mottl~d red 
in pl.:1?eS, are nsso~'iate(l with sh:l1y grit aml rest on purplish, 
reddum awl greelllsh grey slates OJ' shales, with numerous films 
of b~'own friable Illllt:,rinl, uswtlly, in "m,lll knuhbly plttches or 
lent Ides between theu' planes. Contorted beds of hard urit are 
shown ;It the south eud of It qnarry in the slate; beds of 
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quartzose grit or quartzite are also shown in the south of 
Kingswear, where greenish and grey tints prevail. 

Between Beacon Honse and Brookhill, the coast is accessible 
by a path and steps. Near this an igneous rock, probably 
a sheared felspathic tuff or lava, makes a contorted junction 
with the slates, crossing the cleavage of which both rocks 
partake. This sheared rock cannot be continuonsly traced, 
although it occurs near Scabbacombe Head and at Coleton. 
It forms a type here and there present throughout the 
extension of the Dartmouth slates. 

At the cemetery west of Dartmouth a shaft was sunk to a 
depth of 59 feet, in pale lilac and reddish glossy slates with 
occasional films of soft brown powdery materiaL The occurrence 
of brown films, of which many more instances might be cited, 
suggesLs the decomposition of calcareous organisms. 

Between Matthews Point and Landcombe Cove (in the 
adjacent map on the south, sheet 356) there are thin lenticles of 
limestone in the slates. One of these, a fine-textured red-purple 
band, seems to be wholly composed of small organisms, suggestive 
of fish-spines, etc., but not clear enough for identification. At 
Coleton and near Brookhill, east of Kingswear, the slates are 
often thickly studded with small bodies, which suggest scattered 
and crushed organisms. Pteraspis remains have not been found, 
but they have not been specially sought for, as the relations of the 
Dartmouth slates to the Pteraspis beds was not known until 
years after the mapping of the district. At Coleton, amongst 
the slates, sheared felspathic tuff may possibly occur, or cubes of 
pyrites decomposed and replaced by whitey buff material may 
have produced the effect. Near the Plymouth Brethren's Chapel 
at Blackpool the variegated glossy slates, in one place by the 
lane, resemble a highly sheared volcanic rock of the Brookhill 
type with felspars drawn out. 

One of the chief difficulties in distinguishing sheared tuffs and 
lavas from sheared intrusive rocks is occasioned by the frequent 
coincidence in the direction of bedding and cleavage in the 
Dartmouth slates through _the sharpness of the folds, the axes of 
which are often merely indicated by a thickening of the slate, 
rmd by the development of quartz veins. It is only when the 
series contains many intercalated beds of grit, as in the 
Revelstoke coast, that the eye can readily distinguish the 
constant over-foldinO" of the beds, or where laminated grits 
traverse the cleavage"in a wavy or puckered manner. In Mill Bay 
an appearance of unconformity in the series is probably due to a 
thrust. The igneous rocks occur in a way strongly suggestive of 1 he 
plica ted repetition of tuffs and lavas, either emitted from sources 
now beneath the sea or from local necks amongst or under them. 

Thc character of the laminated grits as exemplified by a 
specimen obtained near Mill Hill Copse, west of Stoke Fleming, is 
thus described by Mr. Teall ;-

3094 (laO). Near }1ill Hill Copse, west of Stoke Fleming. 
A browllj~h grey puckered sandy Devonian shale containing small cubes 

of partially oxidized pyrite. 
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Under the microscope alternating laminre of gritty and micaceou3 
material. The micaceous laminre show strain-slip cleavage exactly similar 
to that seen in the corresponding laminre in the mica-schists. The strain
slips on opposite sides of an anticline dip outwards, and those on opposite 
sides of a syncline dip inwards. -

The coarsest particles in the gritty layers are about '1 mm. in diamoter. 
The micaceous layers are formed almost entirely of mica, which occurs 

both in the form of fairly large clastic flakes and also as extremely minute 
scales. The latter are associated with excessively fine micro- or crypto
crystalline material. Some of the gritty layers contain deep brown ferric 
oxide, which has probably been formed by the alteration of ferriferous 
carbonate. The micaceous minerals occur als() in the gritty layers. This 
rock was evidently formed along the zone where fine sand shades into mud, 
and the conditions varied so as to give rise to alternations of finer and 
coarser sediment. 

MEADFOOT BEDS AND STADDON GRIT. 

For purposes of description the Lower Devonian rocks above 
the Dartmouth slates are naturally split up into the following 
districts-the southern district, or main outcrop. the Paignton 
anticline, and the Torquay anticline. 

Southern District . 
. ft,Ieadfoot Beds.-These strata are so plicated and faulted that 
the appearance of the Dartmouth slates in anticlines in unex
pected places Illay explain the following occurrences. Varie
gated slates on the south border of Sandquay Wood, near the 
Naval Establishment; a narrow strip of purple slates on the 
west of Uddern Copse (west of Ash and south of Paddlelake) at 
Hutcherleigh, and Hear Hoodown. As to the Long Sands, 
Dartmouth and Townstal grit, its boundaries, probably owing 
to the dying out of t.he grits in the reddish slatRs with which 
they are associated, are very indefinite near N ethway 
House. The faulted relation of these grits to the Dartmouth 
s1n.tes is nowhere seen, and the presence of rocks which might 
belong to the Dartmouth slates, and of grits in places (of \Var
berry and Looe types) renders the boundary uncertain. There 
seems to be, however, more evidence for regarding these grits 
as an im-persistent development in the l\1ead£oot series tha~ for 
their inclusion in the Dartmouth slates.. The general succession 
(\f the Meadfoot beds on the west of the Dart seems to be as 
follows in descending order ;--

1. * Dark slates with hard grey and brown grits and brown friable 
fossiliferous matter. -

2. Dark grey slates with impersistent partly calcareous siltstone bands, 
films and lenticles. 

3. Similar slates with volcanic seams impersistent . 
. 4. R.eddish slates and red and greenish sandstones, which may be con

tinued by greenish grey sandy shales and banded mudstone westward from 
Cotterbury. 

5. Dark grey slates with arenaceous films or gritty shales, possibly a 
repetition of the beds west of Cotter bury. 

,. These are, nO doubt, on the horiwn of the fossiliferom Meadfoot bed 
disclosed in the N elY Drive (south of Hope Farm) in the Torquay 
promontory. 
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These arenaceous shales (5) are of frequent occurrence in the 
SOUdH\'estern part of the district. They form a. common type 
met 1yith near East Allington and in the Kingsbridge district. 
The lamin;\2 a.re sufficiently coherent to enable the rock to be 
quarried out in large thick slabs (used for stiles, boundary 
fe~ces, lidstones, &c.). This type is well shown between How
lmdge and FordeI' (south of Blackawton). Dark brown com
pressed friaLle material, apparently fossiliferous calcareous 
resirlue, is noticeaLle here and there in the slates between Newton 
Cross and Ford Corn }Iill and on the south side of Millcombe. 
I think that the calc,ueons beds in Southdown Cliff are on or 
near the horizon of the limestolle bantIs south of Lower N oss 
Point. These are continued b,' slates with shaly limestone 
lenticles and decomposed Ji'iable fossiliferous bands along Old 
::\Iill Creek. The westerly continuation of this horizon is shown 
b~T exposures of fossiliferous slates in quarries (on the 6-in. 
111at)) at "-est Xorton 'Yooel, between 'Vest Norton 'Vood 
am Bugford Lane End, and b.Y the stream to the west of Bug
ford Lane End, near Lower \\Tadstray and at Lower 'Vadstray, 
where red-hrown wry fossiliferous friable matter is present. 
These all correspond to (2) in the aboye sequence. The follow
ing are apparently higher in the series and correspond to (1) in 
the sequence. Near Hole Farm, south of Bosolllzeal, slates with 
hard grey grits and brown friable bands containing Homalonotlls 
and Gasteropods are exposed in quarries neal' the top of the M"ead
foot beds. Fr;tg'ments from the same horizon south of Capt on 
Cross contain Ho))wlonotl'8 CL,'ilwtns 7. North of \\T ood, west of 
Blackawton. Brachiopods, including Chonetes and RCllSselcel'ia 7, 
are met ,,-ith in brown friable grit 1\-hich, with some hard grit beds 
in the yicinitY, haye been included in the ~Ieadfoot series. N orth
east of Chip ton, by the lane from Downton Cross to Old .Mill, fossils 
resembling Chon etes and Tentacul ites were found in red slates; 
these may, ho\yeyer, belong to the Staddon grits, as their junction 
beds with the l\Ieadfoot group may be repeated by plication near 
Chipton. 

T~-pical l\Ieadt'oot beds, proba bl..-- on the same horizon as at 
Hole l<'arm, OCCllr at Hig'her X o"s Point, and contain hard brown 
fos::iiliferous beels. The~e are 1'8ry fossiliferous lenticles, appar
ent13' 1yith casts of Gastel'Opods, in the slates by the road between 
X oss Planta tioll and Furland. The grits just south of Furland 
lllfly also helong to the upper part of the }Ieadfoot series. Be
t"-een Furlaml am1 South Down Clift' the horizon cannot be con
tinuoush- tmcecl. and there are many faults, none of which can 
be located ,,-ith' certainty. Between" Guzzle Dmnl and Raddi
combe there mllst be more than one filUlt to accollnt for the 
absence of the Staddon grits and the junction ?f Eifelian slates 
and illeadfoot beds which cannot be approxImately located. 
The upper beds of the :JIeadfoot gTOllp are apparently brought in 
h.'- changing strikes bet1\-een FordeI' aIlll Southdown. In a brown 
grit Slll'i:lce stone north of Fonler, at 25 chains east of Raddi
combe Barn (see G- in. map), fragments of HU/ludo110tUS and Tent([
cUI de, ,,-ere found. Towards Sonthdown Cliff the relations of 
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the Meadfoot and Staddon beds are not clear, The thin lenticular 
limestone bands and brown and yellow friable fossiliferous seams 
in the slates south of Lower Noss Point contain Spi7'i/era, either 
Sf!. primwva or Sp. Dechcni, according to Mr. Newton. Near 
Old Rock Inn the slates contain brown friable matter, In a 
quarry in the irregular p,ttch of gr~t. ~outh of Hoodown t~J8re are 
brown earthy bands eVIdently fosslhferous. A gntty mwa?eous 
shale in this quarry exhibits markings (Chollrl)'itl's?) also found, 
in a dark sbte at Lono' Sands. In Nethway (~l1arry (west of 
\Y oodhuish) dark grey slates with clecol111Josed fossiliferous 
llIatt er contain Zuph 1'en tis, Fe Ilestellu, and crinoids. Neal' 
\\T oo,lhuish limestone lenticles, hrown tilmy fossiliferous hands, 
and gritty intercalations are met with in the slates. They are 
the prolongation of the calcareous horizons so well exposed in 
the coast section on the south of Crabrock Point. There is eyery 
reason for regarding these horizons as a repetition of the red beds 
with (Monticuliporoid 7) limestone bands and. fossiliferous grits 
containing Brachiopods, which bound the Dartmouth slates 
between Scabbacombe Head and Scabbacom be Sands. The same 
horizon occurs at Kingswear. Casts of fossils, including Rhyncho
nella daleidensis ?, are met with in brown arenaceous shaly beds 
by Waterhead Creek, west of \Yaterhead l\1ill. 
. Staddon Grits.-Between Southdown Cliffs and Raddicombe 

the relations of these beds to the Middle Deyonian rocks are 
ev-erywhere obseured by fault. From Guzzle Down to the Dart, 
although the junction with tho Eifelian slates appears to be a 
natural one, the exposures are insutllcient. \V est of the Dart the 
junotion is evidently faulted in seyeral plaoes Iwar Kingston, 
and near N ewhotlse and Bickleigh thero are no clear exposures. 
Around Higher Tideford grey slates, partly gritty and with grey 
grits, n~where properly exposed, render the jUllction exceedingly 
nncertam. At Capton ,Yood,* south of Barberry \Yater Mill \ on 
the 6~inch Map) grey slates occur in mass. There are also grey 
slates and mudstones between Allnleigh and Halwoll Camp, and 
near Bosomzeal. There is no means of proying whether these 
slates belong to the Lower Denmian or to l\lilldle Doyonian 
O~ifelian) brought in b)' a syncline. 

With these and similar local exceptions, the main olltcroI? of 
the Staddon group exhibits the usual characteristics of greemsh, 
red and lilao grits and sandstones, often shaly, with the red 
speckled qnartzose vYarberry grit, and other local tvpes, here and 
thore. No fossils have been found in the main ou tcrop, although 
in the irregular synclinal tongue, between Capton and Blackaw
ton, they have been detected in several places,t viz-in red 
speckled qnartzose grits north· east and north of Hemborongh 
Post, south of Stone Farm, where Tentand iiI'S and Brachiopods 
(Clwl/etrs?) occur. In a quarry in pll1'ple and red grits eftst 01 

* West of King,;ton. 
t In the prolongation of the grit ne:\l' Hitson '1'estm1l'cl into the adjoining 

map (349) n"llaoji!/Ilil iI'l1IJ{mt.',< and l{olflal'!I1otIf8 occur, ,outh-o'outh-ea~t 
pf 8tanboro House, sOHth of Hal IYell. Th.e "ame fossib have been found 
on Lincombe Hill, TOl''luay. 
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Quarry Head (between Oldstone and Blackawton) numerous 
badly presen~ed fossils are obtainable, including Gasteropods 
(Pleu)'otoil1(u'i(~ ?). ~ ear this, on the west side of Quarryhead 
,\' noel, \\~hite, reel-speckled grit is exposed in quarries and contains 
batlly preserved fossils \ ReH8I:lell/.'}·i(~ I). ~ 0 fossils were obtained 
in this group between the nut and Guzzle Down. Near Raddi.
combe (on south-e,lst side) a grit fragment was found, npparently 
belonging to this group, and contai.ning Tentacnlites scaZa1'isl. 

The Paigllton Anticline. 

Ou the north of Saltern Cove the Lower Devonian rocks 
consist of red slates with beds of quartz-veined grit overlai.n by 
X ew Red breccia; they are separated from red slaty Upper 
Devonian mudstones (The Bttdesheim beds) by a reversed fault 
or thrust. The position of the fault is obscured by the 
similarity in colour, where grits are not evidenced; but it is 
c~rtainly shifted northward by cross faults to Clemion Hill, 
whence it continues westward, frequently shifted by cross faults, 
throwing limestones and volcanic rocks down on the south, and 
cutting- out the EifeEan slates completely. Toward Aish, washes 
from the high ground obscure the evidences of its position. 
Between Aish and Berry Park Lodge, Eifelian slates appear at 
Longcombe on the west of the twIt boundary; they may also 
underlie the limestone of Lomentol' Copse in a faulted tongue 
which indents the Lower Deyonian. 

A detilched faulteel mass of Lower Deyonian is seen at Byrch 
Clump, on the 6-incl map: between it and L~mgcombe there arc 
~cyc1'i11 limestone pl1tches, some of which appear to be thrust 
oycr Lowcr DeYonil111 grits and shales which occupy an irregularly 
fmlted tract between the limcstones on the \yest of the main fault 
bJtllld:uy. Further north the main boundary separates Eifelian 
sL;tes from the Lower Devonian. There is it strip of red slates, 
m:>st of Borton Pines. 1\"hich may belong to either group. There 
;He no .iunction exposures, so th,lt it is impossible to tell 
1dlcther the boull(lan~ is anywhere un±:'l.ultecl. ~ ear ,Vildwood 
tbe northern bouncla'ry is a fault, and further east its position 
is rendered extremely uncertain through the prevalent lilac 
and red tints in the slates south of the .:\Iarldon limestone in 
proximity to the ~ ew Red rocks. This uncertainty is accentuaten. 
lw the occurrence of rTenrudictYlLln in the red slates near 
·We,;terland House, b~~ the presence of grey slates of the BelT}' 
Pluk t~\-pe. apparently in faulted associatlOn with the red slates 
\\~pst of ,Yestcl'land House amI at Lower ,Yesterland, bv the 
T'l"'Yillenee of rcel sbtes in the Lower De,onian 011 the nOl:thern 
slnpe of Beacon Hill and sonth of Churscombe. 

I":'l"()fll Churscombe eastward the Lower Devonian rocks are 
pintl:' in fmlted. partly in natuml unconformable relation with 
the Xew Reel rocks. The prevalent red colouring in the 
Dcnmi;ll1 rocks of the P;lignton anticline renders the detection 
of the .:\Ie;l,n.foot beels, as a ~eparatc series. impossible. That they 
;In' bronght up by some of the numeroUs faults, and in 
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anticlines, is certain. An abortiye attempt was made to trace 
this group between Shortdown and Livcrmead. A small qua,rry 
(on the 6-inch map near Broomball Plantation), :lOrth-~a~t. of 
\Vindrnill Hill Clump, displays slates and slaty gnts exhIbItmg 
the characteristics of the Meaclfoot beels. Fossils were 
obtained in a tine-grained lilac-brown grit in this qu:ury, and 
were kindly identified by )lessrs. Gosselet and BarrOlS (unless 
otherwise stated) as follows :-

Pleurodictyum prolJlematicnlll. 
HOlJlalonotu~ gig,,,s. 
Chonetes SitrCillulata. 
-- semiradiata. 

Rhynchonella daleiden~is (idellti
tied by Prof. Kayser). 

-- hexatoma (near to Hh. 
daleidensis). 

A Leptwnn resembling L. spatlwl(it(( Wiu; found in a grit 
fragment near Broomball Plantation on the west. These fossils 
poi~lt to the Lower Coblenzian age of the rocks. 

In the red shaly beds with grit bands, exposed in Saltern Cove 
railway-cutting, C1IOnetc8 sorrlid(~ and Plenm(ll:ctyl~rn pmblem
(lticnm were fOllnd, besides the following which Davidson 
thought he could recognize amongst the fossils obtained hom the 
cutting by the Rev. G. F. Whidborne:-

Lept:Ena looensis. 
Orthotetes hipparionyx. 

Rhynchonella pengeilyana. 
Spirifcra la~vicr.sta. 

The natural inference from the above is, that these beds 
correspond to the fossiliferous rocks of Looe. This is, as far as I 
know,' with one exception* the only recorded discovery of 
Rhynchonell(L pengellyu)w in Devon, the original specimen 
having been determined from the Looe rocks by DavidsOll. 
It is given by Sand berger as a distinctly Gedinnien species, and 
is, at any rate, strongly suggestive of the inclusion oflower horizons 
than the Lower Coblenzian in the Meadfoot series. Between 
the New Reel outliers, south of Goodrington Sands, red slates, 
very irregularly associated with grit beds and mllch plicate(l, 
yielde(l Tentu('nlitcs, o I'fllOCI' I'll S, 8pil'i./rl'a, Zuplil'enti8, awl 
Plcl1l'Odiclyt£ll/, Between Paignton and Torquay, neal' Hollow
combe Lake, north of Preston, the red slates and grits contain 
fossils t.oo imperfect for identification. In this neighbourhood 
slates seem to underlie grit.s and sandstones, becoming intercalated 
with grit beds and resting' on grits near Shortdown. Spirophyton t 
was found in red shaly grits near Shortdown. Red slates with 
grit by Seaway Lane, Cockington, yielded H01)wlonotns. In 
red grit. fragments ploughed up on the margin of Staddon 
Plantation, Cockington, Pteriwe((. and a good eXHanple of 
dp i.1'iferct h ystel"im t were 0 btailled. 

On Paignton Windmill Hill, red slates and gr.'its, croppinO' out 
by a hedge in a tield near Ramsbill Oross, furnished Pl~nm-

* Viz., Rh.l'engcllyan((? amongst Champernowne's fos~ils from X ew 
Cnt, Tonluay, identified by Etheridge, with donbt. areol. J1!(tg., N OY. 
1881, p ... WO. 

Idellti fled by :\leRsr~. Gosselet and Bar-mis. 
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dictynm and Homalonotus ?* On Beacon Hill, south of Wester
land House, amongst the numerous grit fragments ploughed up 
brown fossiliferous stones yielded H()1'Italonotus, Nucula (nea; 
to N. kahlebe1'gensis, Bansch., perhaps Palmoneilo of the Cob
lenzian), and indeterminable fragments of Gasteropods and 
L<tmellibranchs. By the high road, south of Churscombe, 
15 chains from the Ship Inn, Spirifem speciosG, Streptorhynchus, 
01·this, and Plenl'Odictynm pl'Oblematicnm were obtained in 
rocks very similar to those in the Saltern Cove Railway Cutting. 
In a quarry by the road from Livermead to Cockington, traces 
of Brachiopods were noticed in red grit with numerous in
cluded fragments of shale. 

The T01'quay Antii'lille. 

Better opportunities for the study of the characters of the 
Staddon and Meadfoot groups, and fOl; obtaining fossils in them, 
are afforded in the Torquay promontory than elsewhere in this 
area, owing to many exposures in road cuttings supplementing 
the coast sections. 

The structure is a complex anticline, cut up and displaced by 
innumerable faults and thrusts, and the strata are moreover 
exceedingly contorted. From ,Yarberry Hill the Lower De
yonian (Staddon grits) extends westward in a strip bounded by 
hults, one ot' which is well shown in Market Street, from the 
West1n"n Hospital to Mudges Copse (Thurlow Road), where 
it is cut ofr by a f,mlt. A bifurcation occupies the high 
ground between 'Y"rberry Hill and Babbacombe Church. If 
the main bouml1,n is annvhere in unfaulted relation to Eifelian 
sbt.es it would be ·so on 'the south of Babbacombe Church, but 
there are no iunction sections. North of the \Vestern 
Hospital some red and greenish slates and shales are exposed by 
a ne'Y road; they are open to the same doubt as the red slates 
rounrl 'IYesterland House, as to whether they are Lower Devonian 
or Eifelian. 

Between the 'Yarbern' and Lincombe t Hills there are no 
exposures beyond a smalf mass of shattered limestone by Lower 
\\'arberry }{oad, just inside the grounds of IV ells wood House, 
and indications of slates north-east of it, which may be Eifelian. 
It is not improbable that the grits of IV arberry Hill are separ
ated from those of Lincombe Hill by a synclinal tract of faulted 
:JIiddle Deyonian rocks; if not, the connection would be on the 
~outh of the patch of limestone mentioned above, ,i.e. between 
Lower 'Yarberry Road, Erith House, and the faulted boundary 
of the Braddons Hill and Lisburn Crescent limestones. 

Behind Hesketh Crescent there is a fault junction between 
the Middle ,md Lower Deyonian; it is nowhere visible, but from 
VelT slight exposures of Lower Devonian rocks in Lower Lin
('orribe Rex-td and elsewhere, it appears to run in the direction 
shown on the mil}), toward Apsley House. The grits of Lin-

* Identified by :J[e,srs. Gosselet and Bm'rois. 
t Lincombe lIill is ca.lled Oxlea Hill on the map. 
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combe Hill are f:1,ulted against Middle Devonian limestones· on 
the north the fault boundary traced eastward cuts off the 
Black He~d Diabase aO'ainst ~Lower Devonian at Smugglers' 

~ . 

Cove. . 
At Hope's Nose the Lower Devonian is separated from the 

Middle by a series of faults; but in the bay on the west of the 
Raised Beach on the southern shore of the promontory, the 
uppermost wit beds of the Low~er Devonian are visible at 
the base of a broken cliff composed of Eifelian slates, capped 
by irregular calcareous slates and slaty or shaly liI?estone. 
This section * commences at a well-marked fault, hadmg east 
and throwing down the limestones which form the southern 
hurn of the rromontory. Near this'lroceeding westward, the 
lower part 0 the section is compose of dark slates or slaty 
s1Ja1es, which are the basement beds of the Eifelian. In the 
luwer parts of the cliff, a mass of grit, 10 feet thick, in beds of 
from two inches to two feet in thickness, terminates abruptly in 
the dark slates. Although in apparent horizontal intercalation, 
the grits are evidently sharply folded and connected with Lower 
Devonian ~Tits on the beach; the connection being obscured by 
tumbled blocks of limestone. The grits are hard, fine-grained 
and quartzose, of pale grey or reddish grey colour, and with 
whitish surfaces, studded here and there with small black, 
glistening, argillaceous filmy patches. In the beach reefs the 
grits are in irregularly contorted association with the dark 
slates; they are laminated, and interlaminated with shaly films, 
Inllaces. On the bed surfaces changes in colour, from grey to 
re with green mottling, arc noticeable. Fossil casts are plenti
ful on some of the surfaces, but they are very badly preserved 
and impossible to extract. Loxonema and PleurodictYU1n 
problematicum were recognised. Toward the end of the 
beach a sharp easterly tilt is observable in the Eifelian 
slates above, and the grits rise from the beach to a height of 
about 40 feet in the cliff This sudden rise of the grits is 
probably accompanied by a fault, and they are cut off on the 
west by a fault, concealed by deb1'is in a small gulley which 
descends to the beach, at its western end. 

On the opposite side of the gulley the cliffs are formed of 
characteristic Meadfoot beds, consisting of dark slates with 
fossiliferous seams (in which Zaphrclltoid corals are conspicuous) 
and brown-weathered even grit beds showing local contortion and 
disturbance. These beds form a strong contrast to the thick 
beds of grey grit on the east side of the gulley. 

This section was noted by the late E.B. Tawney thus: t-" On 
the other side of Hope's Nose tongue of land we have merely the 
top part ... the lower part is cut off by a fault which brings 
grey and red grits agai.nst beds of the Meadfoot series." In the 
red and grey (Eifelian) "hales above the red grits he obtained 
Fcwositcs Go~djussi and Cycr,tlwphyll~~ln; in the red grits Ten-

* See fig 6, on p. 51. 
t 'J'rans. J)evon. il.soc. Vol. 4, p. 293, 1870. 
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taculites seula )-is, 1£ ulludonot ns, Strepto1-hynchus gigas, auel other 
fossils, mostly Lamellibranchs. 

If these fossils are undoubtedly from the uppermost grit beds 
of the Lower Devonian and not from the grits 111 Smugglers' Cove 
the presence of Streptorhynclms gigas-which occurs in the 
Onychien quartzite and RhiRidophyllen Schiefer-(the lowest 
horizons of the Geclinnien in Nassau), according to Sandberger,* 
and docs not go up-is remarkable. 

As there are no Eifelian slates on the north coast between 
~mngglers' Cove and Hope's Nose, the fault in the gulley on the 
south coast alone, or in conjunction with cross dislocations, in 
some undiscoverahle way, cuts off the Eifelian slate tract between 
the north and south shores of the promontory. The uppermost 
beds of the Lower Devonian are also exposed in the exceedingly 
faulted tract bounding Redgate Beach (see Fig. 3 p. 13). H'ere 
tough broken fine grits of it chocolate red colour, in one spot 
exposed to a depth of eight feet, occur under red shales with grit 
hands, and are overlain by dark slates or shales, evidently 
Eifelian. The extension of both is effectually concealed by talus 
and limestone bloeks; no fossils were found. It is impossible to 
correlate these beds with Rny special horizons in the Lincombe 
and vVarberry grits. The tendency of the evidence in this, as in 
the Paiguton and ~ollthern district, is to prove that the character 
of the junction beds of the Lower Devonian with the Eifelian is 
variabLe, sometimes formed by grits, sometimes by slates or shales 
with intercalated grits, or grits and grit shales with intercalated 
shales or slates. 

The boundary of the Staddon and lIeadfoot groups is not a 
very relinHe one to judge from the two sections in which it is 
exposcrl-viz. at the bend in the New Cut drive (north-west of 
Kilrnorey) and by the New drive (south-east of Hope Farm and 
north-east of Kilmorey). In the New Cut the red slaty beds 
and grits become buff, mottled with purple, and seem to pass 
more or less horizontally into grey slates with bands of grit. 
There may, however, be a fault at the bend in the New Cut 
mnning towards Lisburn Crescent. The red beds of Lincombe 
Hill terminate at Torce11o, Higher Lincombe road, in the manner 
shown on the map; hnt, between their termination and the faulted 
limestone of Apsley Honse, green grits (or sandstones) and grey 
slates are evidenced in places in Lower \Voodbury Road and by 
the steps leading to it from Higher Erith Road, and in and 
betwcen Lower and Middle Lincombe Road. These may be the 
upper or lower beds of the St[Lddon group. Greenish grits and 
grey slates are also faulted against the Asheldoll Copse limestone 
by the 13abb[Lcombe roml. On the slope below the New Cut, 
above Hesketh Crescent, greenish and grey grits are associated 
with dark grey slates. 

In the New Drive, west of Hope Cove (the cove south of 
Smugglers' Cove) the peroxidated grits and slaty beds are shown 
to chn:nge colour and to become brown grits a8sociated with grey 
-- ~-~------

* JaM'b. d. Nassau Ver.f Hut. Jahrg. 42. 



LOWEll DEYOXIAN. :31 

slaty shales. ~ e,H" this the fault shown in Hope Cove, an.d ll?ted 
in Tawney's section, crosses the road, and for ten chams m a 
south-easterly direction the rocks exposed by the road would .b.e 
classed as Meadfoot beds. There appeal" to be at leas.t two fossl11-
ferOlls horizons in them (perhaps rough.ly eorrespondmg t? tl;ose 
of Hole Farm and Hio'her X oss Point III the southern chstnet). 
These beds are suec~eded by dull green gri.ts with occa~ional 
flakes of shale,* and hard grits, often flaggy, wl11ch are cut oft by a 
ne,ulv north and south ti1Ult alona the Cntgs overlooking the .' v '- '-
Hope's Nose promontory. 

These grits, if lithological character is worth anything, belo.ng to 
the Staddon group; indeed, they may be the upper beds o~ thitt 
series thl'llst over the ;}Iei,dfoot beds. They occupy the hIghest 
ground between Kilmorey and Hope's X ose, on which, as their 
persistence is yery doubtful, they are iudic,lted by two patches on 
the map. The westernmost of these patdles is evidently a yery 
thin capping' of flaggy greeuish grit, occusionnJly red, judging 
bv surface stones on the hill 11 boye Kilmorey. Traces of fossils 
illclllding At?·.IJPu, Rhynclwnella, Cli one/Co''; anel Sp i I'Ijel'c~ cnlt i'ij u
grd(~ 1yere obtained. There is doubt about the last named 
owing to the imperfection of the specimen. Greenish sandstones 
assOCIated with or ondying grey slaty mudstone and dipping in 
northerly and north-westerly directions are exposed in quarries 
neln' Kilmorey on the east. In stones in one of these quarries 
lIollwlonotw3,Chon etr;I:!,Sp ir ijcl 'a and Pleul'odictynm were noticed. 
This westernmost patch has every appearance of an outlier, but 
between it and the easternmost mass there are hard and soft, 
grey slates which arc more or less fossiliferous, and as ftT as 
character goes might be Eifelian. 

These slates contain PlrnJ'Odictywn, and Co I'll Illites (identified 
by Mr. 'Vhidborne) was also found in them. The gTeen sand
stones of the larger patch seem to dip under th~m near 'its 
south-eastern boundary. The upper parts of the clift's bounding 
this tract are also suggestive of a newer slaty series overthrust 
on an older (the l\feadfoot beds); the relations of the rocks 
between Kilmorey and the Eifelian of Hope' s Nose are therefore 
exceedingly doubtfuL The clift's under Kilmorey are char
acteristic Meadfoot beds. In the same series from here to the 
glllley fault, west of Hope's Nose Raised Beach, there are many 
faults; one of these is well shown (marked bv fault rock) in the 
coye on the east side of the southernmost poillt on the coast. It 
cuts off a m,L~S of red grit forming the enll of the point, ap
parently the axis of a uniclinal plication. The clitE; of the cove 
m the lower p'Lrt are composed of dark gl'cy, partly siliceous, 
slates, with fucoiclal markings aud Chondl'ites?-r and traces of 

-); Lithologic<lUy identical with green grit in the Staddon grits near 
Plymouth. 

t Similar to those in the quarry south of Hoodown and ill dark slate at 
LOl~g Sands. A gritty shale with irregubr surlace' markings, fucoidal '/ 
notIced here has been observed on the Thurlestone Coast and in many 
Lower Devonian sections in Devon and Cornwall. 
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Gasteropods (Ple lu'utoJJuo,ia 1) and other organisms. No absolute 
decision as to the position of these beds can be arrived at 
owing to the zig-z'lg contortions accompanied by thrusts (or 
axial displacements) and travorsed by faults, which are every
where met with; but the probability of their equi·mlence to the 
slates in contact with the grit of Long Sands may be hinted. 

On the north coast, between Smugglers' Cove and Hope's 
X ose, a continuous section is ,isi.ble; but the upper parts of the 
cliff slopes are almost inyariably concealed by undergrowth, 
grass, and talus. The fault at Smugglers' Cove is marked by a 
(Loep depression separati.ng the Black Head diabase, on the 
north, from l'ed Lower Deyonian rocks on the south. The latter 
eonsist of red slaty shales with thin grit beds, and intensely 
peroxillated hard fossiliferous bands, on pale lilac and greenish 
s1a ty shales, ,,-ith hard massiye e-rit beds (often interlaced with 
q ll,utz yeins) in the lower part of tile cliff On the beach thin beds 
of compact grit separate the above from grey buff-banded slaty 
rocks, which crop out near the fault, and were noted by Tawney as 
Meadfoot beds. In the next Coye (Hope Coye), through a 
southerly defleetion in the strike, the beds above the thick grits 
occupy the lower part of the cliff; an oblique cleavage not 
atfecting the grit beds is apparent. The following descendintY 
sequence, in a thickness of 8 feet, giyes a tail' sample of th~ 
section :-

Thin brown-red and green grit bed. 
Red slaty shales. 
Red amI" greenish slaty shales with impersistent bands of peroxidated 

f03siliferous grit with green shaly fihns. * 
Grit, partly compact. 

These beds are exposed for 2-1 yards in the cow, but beyond this 
the base of the section is concealed by tumbled blocks of red 
and grey rocks for 3-1 yards. A colour change probably takes 
place in this interyal. Greyish and brown purple-stained grits 
with grey slates are then encountered, dipping south at 30°. 
The ±',mlt, noticed by Tawney, her8 tra\-erses the section, bring
ing on a sharply folded axis (with lower limb horizontal) of 
bro\yn and grey' grits associated with knubbly irregular slates, 
which may be a repetition ofthose in the beach reefs of Smugglers' 
Coye. The partly deeomposed fossiliferous slaty limestoner bed 
OCCUTS at the hlse of the folded mass, but cannot be traced 
up\y<lrd, as the whole i.s cut oft' by a tributary fault, or slide, 
joining the main dislocation aboye, and bringing on 10 feet of 
brown and grey hard grit beds (with purple surface mottli.ng). 
These grits form the southern horn of Hope Coye, and dip under 
the following, in upward succession :-6 to 7 feet of grey slates 

,'Ie Thl~ character, alreally rderrell to as COlllmon to the Hangman grit 
sliries, the Looe grits, etc'., was noted by l'hampernowne (Geol. A-fag. 
X OY. lSSl, p. clSS) as char.ldcrisillg Ludlow !"Ocb in the e sk district. 

t Zltjlhrentis is recognisable, abo black patches (fish traces ~\ The lattel' 
are lloticeable in similar rocks in the ~Ieadfoot beds-at 23 chams west of 
Kilmorey, in Crmmhill BJ,y, south of Plymouth (near Boveysand Bay), &c. 
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with hard thin brown shaly O'l'it-an irregular bed of hard grit-
20 to 25. feet of dark shal~s or slates, with hard thin brown 
weathered gTit bands-a lenticular fossiliferous band. Above 
this the ro~ks may be the same as those in Hope Cove. The 
coast runs for about 13 chains from this, more or less co
incidently with the strike. Grey slates with browu grits a?d 

, thin grit bands arc shown in sharp zig-zag plications, determlll
ing the surfaces of rock shelves at the base of the cliff, and 
occasionally broken oy small faults. In places the section is red 
in the vicinity of joints or faults. For the remaining 9 chains 
the dips are often easterly. In the coves the grits and slates 
are red-stained for ftbout 2 chains Cd in Tawney's section). 
Beyond this, irregular dark grey slates, crossed at intervals by 
brown grits and partly calcareous fossiliferous bands, are in 
faulted juncrion with the Middle Devonian limestone of Hope'S 
Nose Quarry. 

This section is inconclusive as to the boundarv between the 
Staddon grits and Meadfoot series. It proves "that absolute 
reliance cannot be placed on colour distinction, and without that 
guide one cannot say in which group the peroxidated beds of 
Smugglers' and Hope Coves should be included. 

In the following notes on the fossil localities in rocks classed 
as Meadfoot bO'1s, and in rocks classed as Staddon grits, this 
separation is therefore often arbitrary. 

MEAD FOOT BEDt-!. 

In decomposed fossiliferous bands and siliceous limestone, 
traversing the dark slates near their faulted junction with the 
limestone of Hope's Nose Quarry, the following fossils were 
obtained :-

Pleurodictyum pl'oblmnaticum. 
Zaphl'entis. 
Hornalonotu6 Rcemel'i? 
8pirifera primceva. 

Strophomena rhomboidalis 
(val'. analoga, according to 
vYhidborne). 

At from 10 to 11 chains due south of Hope Farm, on the 
edge of a bramble brake, very fossiliferous decomposed brown 
beds and tough orange-brown bands are met with in grey slates. 
These beds can be more or less continuously traced along the 
contour to the New Drive, where they contain a bed of siliceous 
limestone, so thf1,t there is here a fossiliferous zone or zones 
extending continuously for a quarter of a mile. The fossiliferous 
beds are associated with irregular knub bly slates (of the Mead
foot and Lynton type) and beds of hard brown grit, in which 
remains (spined plates, portions of glabelb, etc.) of Honwlono
tUB are plentiful. 

The following fossils were obtained from the beds in the New 
Drive:- .'~ 

Rpirophyton. 
Homalonotus armatus? 

(plentiful). 
Chonetes (plentiful). 

7052 

Lept<ena laticoHta (Tropidoleptus 
r henan us)-pIen tiful. 

Orthotetes hipp[t,rionyx. 
Rensseh:eria strigiceps. 

D 
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Rhynchonella (near to pugnus). 
Spirifera d. lrevicosta. 
- microptera. 

Ctenodonta concentrica ~ 
Pterinrea. 
Ten taculi tes scalaris. 

The following were found on the edge of the bramble brake :_ 

Homalonotus (com parati \'ely 
scarce). 

Chonetes. 
LeptGena laticosta (plentiful). 
Orthis hipparionyx. 

Rhynchonella (large). 
- sp 
Spirifera (large). 
Pterinrea. 
Tentaculites. 

This horizon is no doubt shifted b,· fault on the east; on the 
west it cannot be trace~ on the slope "toward Kilmorey, where we 
should expect to Jmd It below the western grit patch from the 
parallelism it exhibits to the northern boundar'y of the eastern 
grit mass, assuming' these to be ordinary outliers.. The cliffs 
and beach reefs under Kilmorey are composed of the irregular 
dark slates with hard grit beds and decomposed fossil bands 
characteristic of the .Meadfoot series. Here Plelt)'odictynm 
proulenwticnJll was found. Dr. Kayser's* list from this spot is 
as follows :-

Za phren tis ooli thica (determined 
by Dr. Frech). 

Rhynchonella daleiden~i~. 
Chonete-\ sarcinulata. 

Spirifera hy~terica. 
paradoxa. 

Stropitolllena d. :Murchisoni. 
Pterinrea costa tao 

Mr. ,Yhidbornet mentions the occurrence of Stmp/wlosiu pm
dnctoides "in the Plelu'odictyulli beds at l\Ieaclfoot." Pengelly:): 
recorded the disc;wory of it single scale of Phillolepis con
centl'ieus in coarse gritty slates at the base of the cliff under 
Kilmorey, and of a rather doubtful scale of Holoptychius from 
l\Ieadfoot Sands. Salter in his monograph (Pal. Soc .. 1865) 
giyes l\Ieadfoot S,mcIs as the locality for H O1nulonotus elongat-ns 
(a species founded on the discoyery of a tail). Phillips records 
(P,tl. Foss.) ()l'tlwccl'US tentacnlal'is, Spil'ijera costata, Orthis 
g)'U nltlos(!, O. Lillcoiu and A ('/cHla 1111 isoia from l\Ieadfoot. 
lIIeadfoot Sands is too illdefinite a term, as both Eifelian slates 
and l\Ieadfoot beds ,11'e present in the cliffs on the west and on 
the east of Hesketh Crescent, respecti\'ely. The slates of 
doubtful character east of Kilmorey seem to overlie the green 
sandstones of the east em outlier. On the southern border of 
the copses north-east of Kilmorey tl~ey contain man~T crinoid 
fragments and badly preserved fOSSIls, amongst wInch were 
recognised the following;-

PleurodictVUlll. 
Zaphrenti;. 
Cornnlite8 ~p. (three specimens 

identified by 'Yhi(lhorne). 

Spirifera lrevicosta 1 
-- speciosa. 
Rtreptorhynchus. 

* ~~Teues Jahl'b./ii)· Jlinemlogie, &c., 188U. Rd. 1, p. 188. 
t Pal. Soc. 189:3, p. l:i(j. 
t Tl'<lns. Delloll. Assoc. for 1868. Hi~tory of the discovery of fO:-4sil fish, 

and Ibid. for 18H in Notes Ql} Recent Notices, &c., part 1, 
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By the easternmost copse, Rhynclwnella and PlelwodictYltrn 
·were found. The possibility of these slates being Eifclian and 
thrust over Meadfoot beds "has been before referred to. They 
resemble slates included in the Eifelian of Ellacombe and near 
'Yarberry }Iount. 

:::;TADDO~ GRITS. 

The exposures on "Yarberry Hill are slight, and this may be 
the reason why so few fossils haye been obtained. The faulted 
strip of red grits and shales between the 'Vestern Hospital and 
Thurlow Road is better exposed, but no fossils have been 
obtained. In the wood near \V arberry Reservoir red slates are 
exposed. If unfaulted, towards Babbacombe Church greenish 
slates at the base of the Eifelian are succeeded by red shales 
with beds of grit, over red grits presenting many examples 
of the white quartzose red-speckled variety. Amongst the 
materials turned out in the excavation of 'Yarberry Reservoir, 
fragments of red-speckled grit containing Telltacul ires, a cast of 
Bpi/·jfem (!) and Be!jI'ichi(~ were recently obtained; previously 
Beyrichi([ 1uilckel/siwrl(( had been identified by Professor Rupert 
J ones in a fragment from this locality. If the green grits by 
the Babbacombe Road (near Asheldon Copse) and between 
Lincombe Hill and the Apsley House limestone were peroxidated, 
it is questionable if they could be distinguished from the red and 
red-speckled grits of W Drberry Hill. 

The reason the term given to this series by Champernowne 
" Warbeny, Lincombe and Smugglers' Cove grits" has not been 
adopted, is, apart from its length, to allow for the probability of 
the Lincombe and Smugglers' Cove grits being in part stained 
Meadfoot beds, although the "Varberry Hill beds are not open 
to this probability, as far as one can judge by the evidence. 

In the field in which the round copse on the northern part of 
the summit of Lincombe Hill is situated, fragments of red, buft' 
and r:rl-speckled grit (and occasionally of banded rock of the 
Pigshlll Wood type) are ploughed up. Some of these are 
fossiliferous, containing Homalonotns, Chonetes, 01·this, Penia
merits and PleU1'otornm·i((. The following were specifically 
identified: 

Pleurodictyum problematicum. Bellerophon compressus. 

On the south side of the copse grey and greenish slates and 
grits prevail. Further south near the 400-foot contour south of 
St. Raphael's Home, in pale buff, pale grey, and green tough hard 
and brittle grit stones, the following were obtained :-

Leptama laticosta. Streptorhynchus. 
Spirifera primt1:wa ? Bellerophon trilobatus. 
- sp. Tentaculites IIlultiformis. 

By the New Cut, within a hundred yards east of the spot 
where the red beels change colour, Champernowne * obtained 

7052. 
* (}eol . .1/(([7., X ov., IE'Sl, p. 487, &c. 
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the Homalonotns nallied H. C'lu[1J1pel'1wwnei by Dr. Woodward, 
besieles fragments probably representing two other species. 
Some Qf his fossils were identified by nil'. Etheridge. The rock 
is described as "red finely-sandy or silty beds, interstratified 
with grits" and" traversed by a coarse cleavage dipping south, 
which usually ignores the harel grit bauds." The following, 
not included amongst Mr. Etheridge's identification, are also 
given by Chmnpernowne :-

Tentaculi tes. 
Chonete~sordida (" ortcn crowded 

in certailllayer~. ") 

Cypricardites 1 
:\Iyalina. (Small) 

Dr. ~Woodward's identifications:-

Homalonotus Champernownei. Homalonotus sp. 

Mr. Etheridge's identifications are:-
Petraia. 
Pleuroclictyum problematicum. 
Chonete~. 
Orthis. 
Rhynchonella pengellyana ? 
Rpirifera cultrijugata. 

Streptorhynchus umbraculum. 
Pullastra. 
Holopella or Loxonema 8p. 
Cyrtoceras. 
Orthoceras. 

The following \yere obtained during the early stages of the 
survev ill 1888 ill the X ew Cut, and in stones on the slope 
belmv:-

Pleurodictyum problema ticum. 
Avicula ani sot a, Phil. 

Obtained in 1900 :-
Homalonotus armatus 1 
Chonetes sordicla 1 
LeptlBna laticosta ? 

Tentaculites. 
Orthoceras. 

Ol'thotetes hipparionyx. 
Spirifera. . 

There is an appearance of a syneline in the red beds by the 
New Cut, noticed by Champernowne. Though the structure of 
Torquil,y is too complex to attach very much importanco to it, 
it is consistent with the actual continuation of the red beds to 
Hope Farm and Smugglers' Cove. N ear Hope Farm libc-red 
and grey-lilac purple-mottled grits and slaty beds are exposed by 
the X ew Drive. The red-speckled grit type also occurs here, and 
a fossil resembling Leptwl1lt loo('nsis was found in it. At the 
bend in the new driye between Hope Farm and Hope Cove there 
is a contortion in the red grits, apparently in the vicinity of a 
fault. 

In the hard peroxidated bands of Smugglers' Cove many fossils 
are to be seen, but it is extremely difficult to develop them 
sufficiently for specific identification. Tawney * considered the 
red beels of Smugglers' Cove to be about 150 feet thick; this 
estimate would be nearly correct if we could be certain that the 
cliffs affonlcd a direct s~lCcession, but the probability of zig-zag 

jf- Trans. Devon, Assoc., vol. 4, p. 292, 1870, 
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plication carrying the lower beds upward is much too strong to 
be overlooked. Dhampernowne obtained, "at Smugglers' Cove, 
with Mr. Lee," .... in reddish schistose masses slipped from the 
clifT, many casts of Ol·this, Spil'i/em, and Lept(J3nt~ laticosta. The 
bed effel'Yesces, being an impure limestone." Tawney commented 
on the occurrence of l'entacnlites and of Cypl'icurrliw in the red 
beds in Smugglers' and Hope Coves, and mentioned the ~lisco:eTY 
of Pleurodictynlli problematicum in the faulted grey grIts of the 
::\Ieadfoot series in Hope Cove. According to Champernowne,* 
"Tawney's Smugglers' Cove list includes HomalonotiLs n. sp. 
(most like H. Johannis from the 'IVenlock beds)" j but this list IS 

given in connection with the section on the southern coast of 
Hope's Nose promontory, and just after mention of fossils in 
Middle Devonian slates above the red grits. Although this 
list has already been.given as obtained from the uppermost beds 
of the Lower Devonian, the possibility that the red grits were 
meant to include the Smugglers' Cove beds is suggested by 
Champernowne's remark. Our lists from the red beds of 
Smugglers' Coye and Hope Cove are as follow:-

SUUGGLER'" COYE: 

Pleurodictyum. 
Chonetes plebeia. 
Edmondia. 
~bcrochilina. 
Pleurotomaria. 

HOPE COVE: 

Pleurodictyum. 
Crinoids. 
Cyrtina or Spirferina. 
Leptama laticosta. 
Spirifera. 

Tawney's list, presumably from the nppermost beds of the 
vVarberry. gronp, West of Hope's Nose Raised Beach, IS as 
follows :-

Homalonotus, n. sp. (most like 
H. J ohannis from the Wenlock 
beds). 

Orthis arcuata j 
- (like Berthoisii). 
Streptorhynchus gigas. 
Cardiomorpha. 
Ctenodonta. 

Obtained by the Survey:
Pleurodictyul1l problematiculll. 

C;ypricardia lamellosa j 
Modiolopsis 1 
Pterimea ventricosa? 
- (like bifid a or anisota). 
Natica. 
Tentaculites Bcalaris (apparently 

most abundant). 

Loxonema. 

On the whole the Lower Devonian succession in Sheet 
350 is rendered very unsatisfactory by the disturbed relations of 
the rocks and the utterly uns,1tisfactorv character of the 
palffiontological evidence. v 

In the Torquay and Paigntoll areas the main q,uestion is 
whether the Looe beds are represented or not. This IS a purely 
palffiontological question, for no objection on lithological or 
~tl'atigraphlCal grounds can be urged. It seems to be answered 
111 the affirmative by the identification of such fossils as Spirije1'Ct 
lJrimccva, Stl'eptol'hynchns gigas, Rhynchonella pengellyana 
and Orthotetes hippa?'ionyx. 

* Geol. llfag., Nov. 1881, p. 488. 
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The discovery of specifically recognizable fossils in the southern 
part of the area is n:ccss~l'y to enable one to piece together the 
more broken succeSSIOn of Torquay. . 

The records of the occurrence of Spi1'ije?'a cultrijugata are 
meagre and unsatisfacton" Plelwod ictYU111 is of no value what
ever. The remains of Hmncdonotu8 are so numerous in the 
Torquay promontory that there is considerable scope for research 
as regards that genus alone. In fact, in bringing this chapter to 
it close, one can only deplore the paucity of specifically identifieu 
fossils, due to their bad state of preservation, but still more to 
the need for spe.cial search, even in unpromising localities, by 
which alone doubts as to the absolute posItion of certain rocks in 
the series could be satisfactorily solved. Whatever light mfty 
be cast on the Lower Devonian succession by such researches, 
it will be seen that they are minor points, and do not affect the 
general structure and disposition of the strata as set forth here. 

EVIDENCES OF CONTEMPORANEOUS VULCANICITY. 

No' igneous rocks have been detected in the Lower Devonian 
rocks of the Torquay and Paignton areas. In the main outcrop 
isolated traces of igneous rock, or of decompo~ed material 
probably of igneous origin, have been found in difierent places, 
and apparently in difierent parts of the series. The chief 
indications and those which point to horizons of vulcanicity arc 
to be found in the :Meadfoot beds from Sandquay Quarry 
,vestward to Paddlelake (east of Blackawton), and in the 
Dartmouth slate areft along the southern shores of the 
Kingswear prom~mtory and from the mouth of the Dart to the 
south-west I1lftrgm of the map. 

At about 20 chains north of the Coastguard Station at Man 
Sftnds a sheared igneous band, two feet in thickness, is notice
able in the cliffs in lilac and grey slates. Igneous rocks similar 
to those of the Torcross coast occur in the slates between Long 
Sands and Crabrock Poim. In the valley between N ethway 
House and \Voodhuish there are signs of igneous rocks in grey 
and bluish slates. Further west between Boohay and \Vater
head Brake there is an irtegular mass of very hard bluish or dark 
grey brown-weathered rock, probably an intrusive diabase. By 
the Dftrt, between Higher and Lower N ass Points two or three 
feet of igneous (probably volcanic ) rock occurs in bluish grey slates. 

On the shores of Old lYEll Creek at Hermitage Castle, and by 
the tributary creeks near Great Copse and Rough Hole Barn, 
there are thin bands of volcanic rocks in the slates. By the 
Dart, at Lower Kilngate north of Old lYIill Creek, a few feet of 
peroxidated materials, probably decomposed igneous rock, occurs 
m the StaddOl1 beds. With this exception, the traces of igneous 
rock mentioned occur in the Meadfoot beds, and may possibly 
belong to the same series repeated by folds. 

Further west there appear to be volcanic bands in the slates 
near their junction with. the Staddon grits south-east of Highcr 
\\'a<lstmy. 
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In Sandquay Quarry about thirty feet of quartz-yeined porphy
ritic diabase occurs 'in grey sericitic-looking slates. At t~e 
Gymnasium north of the Quarry there appears to be a volcamc 
tntf band in the slates. The ~andqua.r rock caIIDot be traced 
more than ,( quarter of a mile westward, but b~tween Mount Boone 
Farm and ~orton there are seTen lllasses of Igneous rock, tw.o of 
which resemble the S,mdquay rock, an~ three ~re. aphamtes. 
These igneous patehesocellrin thesbteswillch conta1llll1tercalated 
bands of tnti' and slaty diabase near Townstal on the west, and 
near X orton on the so 11th and south-east. 

A small patch of igneous rock is :risible. in a quarry.at ,\Vo?d
bury Farm. Further west, apballlte WIth cracks lIned WIth 
asbestus is exposed in a quarry south of Bugford Lane End. 
Clay is said to haye been eIlcolUltel'ed in the centre of the quarry 
lIIlder the a phanite. Between this rock and ;.;r orton no ,Proofs 
of the OCClUTence of yolcanic bands in the slates were obtamable, 
hut between Bug-ford Lane End and Cotterbury Green soft tuffs, 
banded tntis, m~rl white shales with a steatitic appearance were 
noticed ncar Hillfreld and Bugford Cross, and a small patch of 
diabase north of Paddlelake. 

There is a small lllass of diabase near Pasture Farm, south of 
Hutcherleigh, qnite isolated. 

Further south, near the south border of the map, we encounter 
the chain of diabase patches and yolcanic rocks which belong to 
the Blackpool, Stoke Fleming and Kingswear COClst series. 
These commence ,,·ith a small patch near Lower Heathfield, 11 

larger one south of Torr, and one near Bnckland, apparently. in 
the Dartmouth slates; a craggy lllass on either side of the 
stream in Leader ,\Y ood and Burlestone ,\V ood; several small 
patches, which do not appear to be connected, in and near Leader 
\V ood and near Hansel and North Corn Mill, and at Orestone 
Cottage. ~Iost of these are hard diabases, and probably intrusive, 
but it is pO'isible that the last mentioned lilay be contemporaneous. 

The next patch of igneous rock (diabase) is shown to a depth 
of twenty-frYe feet in a quarry at Combe Cross. The structure is 
suggestiye of an anticline. 

The igneous rocks of the Blackpool Valley consist of aphanites 
and slaty and sheared diabases. These seem to be in plicated 
association with grey slates which cOlltain sheared rocks, probably 
tuft's and hms, 11ear :\Iiddle Blackpool Corn Mill and Venn 
Cross. The Quarry 11ear Venn Cross is in rather soft sheared 
green rocks, with steatitic-looking material lining a crack in them. 
They cannot be traced beyond the quarry, there being no 
exposures, but they are probably continuous to Middle Blackpool 
Corn Mill. Hard igneous rock resembling the rocb of the 
St?ke Fleming coast iR exposed in a quarry near Embridge Corn 
:JIlll. A band of sheared diabase crosses the valley at Blackpool, 
and there appear to be bands of sheared felspathic tuff in the 
Dartmouth slates (as between Kings wear ana Brookhill) near 
Blackpool Bridge. 

At the southern extremity of Blackpool Sands, a rhyolitic 
felsite is exposed in the cliff: It is thus described by Mr. Teall 
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(X 0.3,076): "A compact pinkish felsitic rock showinO" a marked 
fluxion structure." Under the microscope, " a few s~all pheno
crysts of plagioclase in an irresoh-able felsitic matrix." 

The ,olcanic rock is repeated in :JIatthew's Point on the south. 
As it cannot be tnwed in either case westward, its presence is 
evidently due to anticlinal folds. In Landcombe Cove there 
seems to be tuft'in the slates. 

At the east end of Blackpool Sands buft'-weathered igneous 
rocks, ~with filmy bands of green hornstone near their junction 
with the slates on the north, occur in the clift: These rocks, 
partly yesicular, alternate with the slates through plication, and 
are repeated at Leonard Coye, extending to Redlap House. 
On the east of Redlap Coye a mass of diabase, broken up 
irregularly b~T anticlines of red and green slates, forms the 
coast as far as Combe Point and on either side of Shinglehill 
Coye. 

Between Compass Coye and Blackstone Point there appear to 
be impersistent volcanic bands in the rock reefs of grey and 
greenish slates. These rocks, with irregular yolcanic intercala
tions, oyerlie a mass of slaty diabase in the cliff on the south 
side of Ladies Coye, the whole being cut off on the west by a fault 
which runs along the eastern clitf of Compass Cove. They may, 
therefore, be regarded as the continuation of the Stoke Fleming 
rocks shifted h\T fault. Between Venn Cross and Ladies Cove 
on the south of the high road and north of Little Dartmouth 
there is a quarry in hard diabase oyerlain by slates with sheared 
yo.lcanic rocks. The rocks cannot be traced beyond the exposure. 
They may, for all one can tell, be the easterly continuation of 
~hose in the quarry near Venn Cross, Throughout this area 
111 the grass lands there are no exposures, and those by 
roads ~re too meagre, to afford any clues by which to trace the 
volcamc bands .. 

On crossing the mouth of the Dart we find that the igneous 
rocks are continued by three masses of diabase on the southern
most part of t.he Kingswear coast. One of these seems to occupy 
a syncline in grey slates: it is probably shifted by fault on the 
eas"t,and continued by the two masses on either side of Old Mill Bay 
between Froward Coye and Kelly'S Cove. North of Kelly's Cove 
igneous rocks are again encountered in Pudcombe Cove, Here 
hard sheared igneous rocks form a band about ten feet thick in 
reddish slates with some hard grit on the north shore, the 
west side being composed of dark grey igneous rock, resting 
irregularly on the slates which contain hard sheared igneous 
rock near its northern extremity. She,1red diabase and buff 
rocks, which may be tuft's, occur at the western cliffs of Ivy 
Coye. At ten chains north of Iyy Cove dark grey sheared 
ig'neous rocks extend a short distance westward from the coast. 
Although the continuity of these masses cannot be proved, their 
general alignment in strike with the igneous rocks of the Stoke 
Fleming coast scarcely admits of a doubt as to their being the 
same series, shifted by faults, repeated by folds and occurring in 
patches seYered by denudation. 
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When the area was slu,eyed the true relations of the Dart
mouth slates were unknown, and no time was specially devoted 
to a search for fossils. It is therefore uncertain whether higher 
beds may not be faulted or folded in, bllt even on this hypothesis 
the correlation of the ,olcanic rocks in the :;\Ieadfoot beds 
between Sandquay and Pacldlelake ,,,ith those of the Sto);,:e 
Fleming and Kingswear coast is scarcely probable, except as 
belonging to the same g'eneral series. In this connection, how
ever, it must be reme;:nbered that, although colom distinction 
is of great value in eftecting a broad general separation of the 
main groups of the Lower Devonian, ,dlere lmilccomp:tnied by 
sufficiently marked lithological distinction it is a most Ull

reliable guide to the position of stratigraphical boumlaries, so 
thltt the occurrence of these igneous rocks in a reel slate series 
or ft grey slate series is of itself no proof that the horizons are 
ditlerent. 
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CHAPTER III. 

MIDDLE DEVO~IA~. 

U mler this llC,t(lillg iue embmcerl ,tIl the slates, limestoncs and 
vulc,ulic rocks between the Lower Devonian on the one hand, 
and thc Upper Devonian shaly Goniatite limestones and slates 
on the other. The lower beds, therefore, represent the Eifelian 
slates * and limestones, and the uppermost are homotaxeous 
with, or equivalent to, the Rhynchonella nLboides zone, or base
ment beds of the Upper Devonian of the Continent. The 
sequence of deposits differs in different parts of the area, and to 
some extent even in the same district. ' 

In the Torquay and Brixlmm districts, from the Eifelian slates 
Llpward, a continuous accumulation of limestone has taken place; 
yet in these districts proofs of contempomneous vulcanicity are 
locally present, as in the Hope's Nose promontory, in the Babba
combe Cliffs. at Trumland's Quarry in St. Marychurch, and 
in the fanlted limestone forming the south margin of the Mud
stone Bay anticline. At Black Head, Torquay, we have proofs 
of contemporaneous vulcanicity higher in the series, and still 
better examples are afforded in the area between Torquay and 
Brixham, Hear Goodrington. These intercalations of volcanic 
material in the districts of maximum limestone accumulation 
are, so to speak, the thin edge of the wedges by which the lime
stone masses are broken up and replaced, in and on the borders 
of the areas of maximum vulcanicity. 

South and south-east of Totnes the Ashprington volcanic series 
rests partly on Eifelian slates, partly on Eifelian limestones, and 
takes the place of the limestone masses, representing the Middle 
DeYonian, and, in all probability, the lower beds of the Upper 
Devonian. 

Volcanic rocks, either emanating from sources in this area ot 
maximum vulcanicity, or from local vents outside it, seem to 
have partly replaced the Middle Devonian limestones on the east 
of Yalberton, in Dartington Park, and east of Staverton. About 
,Vaddeton, between the Ashprington volcanic development and 
the Brixham limestone, it appears as if the limestones had been 
largely replaced by slates, and volcanic rocks. 

North and north -east of Totnes, the Berry Park slates t un
cloubtedly occupy an intermediate position between the Lower 

'* Under the term Eifelian slates all the slates between the Eifelian 
limestones and the Warberry grit series of the Lower Devonian are 
necessarily included, but it does not therefore follow that the lower beds 
may not represent the uppermost part of the Lower Devonian, for this 
can only be proved by pahBontological evidence. 

t A local name given by Champernowne to this type of Eifelian slates, 
viz., irregular grey slates with brown friable fossiliferous lenticles, oc~a
sionally calcareou:.;. He was led to regard them as below .the Cockmgton gl'lts 
ftnd above the lime"tone:.; through appearances due to lllversion and fault. 
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Devonian rocks of the Paianton area and the limestones of 
Dartington, Marldon and Be~ry Pomeroy, and may therefore be 
reaarded as Eifelian slates. The limestones of this area, however 
ca~l scarcely be taken as representatives of the limestone develop
ments of Torquay, Brixham and Ipplepen. If we assume that 
they represent the lower part of tliese masses, the upper 'part 
must either haye been denuded or replaced by. slates lll. a 
synclinal trough which terminates westw,ud in Dartmgton Park. 
If denuded these limestones must be eyerv1yherc newer than the 
slates that' bound them, and the Da rtington structure would be 
an anticlinrtl. 

:North of Stayerton and '\~est of the I pplepen limestone, the 
main mass of the limestone is eyiden11y replaced by slates, as 
there ,ue no developments of limestone between Ipplepen and 
Y cahnpton in the slates and volcanic rocks, which represell t the 
--'EddIe Devonian for it distrtnce of thirteen miles or lllore along 
their strike. 

It will thus be seen thrtt the --'liddle Devonian succession 
differs much in different parts of the inea, and is not always 
uniform in the same locality, although in all cases the Eifelirtn 
slates form the b,lsClllent beds. Hence, whilst the relation of the 
lUiddle Devonian, as a whole, to the Lower Deyonian clearly 
brings out the general structure (as shown on the lllap and 
sketched in the introductory chapter), the distribution of the 
limestones, as shown 011 the map, does not explain the structure 
of the Middle Devonian are,ts. 

In consequence of variability and constant disturbance, and of 
the restriction of palreontological evidence to the very few 
localities that have been carefully worked, any attempt to treat 
the limestones, volcanic rocks and slates under general head
ings would be impracticable and misleading. As each district 
has its own peculiarities, detailed descriptioll is necessary, but 
the rocks will, as far as possible, be treated in ascending sequence. 
For this purpose it has been f01md desirable to divide the area 
into t,he following districts: l. The Torquay district; 2. The 
Brixham district, and district west of Broadsands; 3. The Ash
pring tOll volcanic district; 4. The Dartington, l\1arldon, and 
Ipplepen district. 

General Charactel'S of the Slate!). 

The Eifelian slates vary from CVCll grev, zreellish -arev and ..J J u b J) 

?ark grey or blackish, compact or argillaceous sediments, to the 
Irregular slates of the Bcrry Park type. III places where the 
Eifclian slates pass up intolilllestones, as under Daddy Hole 
K.11011 (Tor quay) and near Waddeton Boat House (by the 
l~a~t~, they are red in colour, as also in places in the 
VICllllty of Marldon, etc., where the staining may have been 
due to filtration through overlying New Red rocks. The slates 
rcplacing the limestones are grey or greenish-arey and in places 
black. ";:., , 
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Gcncml C'IWlYtcteJ'8 Of the LiIJiestunes. 

The limestones betray eyery gradation between a red or dark 
grey calcareous shte an(1 a pale grey or c1oye-coloured compact 
massiye limestone. 

As a geneml rule, the calcareous slates and thin-bedded or 
slaty, dark, SOllle\\~hat argillaceous, limestones are at the base of 
the series. ,Yell-be(1ded limestones are developed in the main 
masses, and aboyc the shah basement beds. Massive or thick
beddcd crystallinc compact" coralline limestones characterise the 
upper part of the masses, but are not confined to it, and may 
occur at almost any horizon (as at Hope's :Nose and at Highlands, 
near Totnes). The thick-bedded limestones often present a 
slaty-jointed structure through contortion, as in the clltI' bound-· 
ing Rec1gate ,Be1tell (north of Anstey's Coye, Torquay) on the 
west. (Sce fig. 10, p. (3). 

Dolomitic limestones occur here and there throughout the 
district, as at Trumlands Quarry (near St. l\Iarychurch), in 
Lummaton qnarries, at Charles Terrace (Ellacombe), in the Yal
berton limestone, in the Ipplepen q1l1tlTics, near Little Hempston, 
and in many other places. The massive limestones are often 
crushed and broken into small irregular pieces. Crinoidal 
limestones are not confined to any particular horizon, but are, 
as 11 rule, most frequent in the lower beds . 

.:111'. E. ,Vethered * gives the results of microscopical examina
tions of specimens of Devonian lilllestones taken from the Hope's 
:N ose Quarry, the Quarry at Daddy Hole, Lummaton Quarry, 
and from three localities in the adjacent map Sheet 339, viz., 
Barton Quarry near Lllmmaton, Combe End near Kingsteignton, 
and from the Goniatite limestone (Upper Devonian) of Lower 
Dunscombe. "So far as the evidence warrants a conclusion 
being drawn, the Deyonian limestones of South Devon appear 
to have chiefly originated from corals, crinoids, ostracoda, 
stromatoporoids and fragments of shell, ,vhile the Goniatite 
limestone alone contains foraminifera." "Some of the beds at 
Hope's ~ ose and Daddy Hole are almost entirely of coralline 
origin," and" represent accumulations of coral debris." 

In m<)st of the slides examined rhombohedral crystals of 
dolomite ,yere found. "Sometimes they appear in aggregates, 
at other times as single crystaJs, and there is no doubt that they 
are of secondary origin." These crystals "are mostly associated 
\yith c"lcareolls organic fragments. This may, perhaps, be 
explained by the greater solubility of tl~e aragonit: as compared 
with the other form of carbonate of hme of whICh shells are 
mostl" constructed." 

In the table of percentages of residues insoluble in hydrochloric 
acid, the thin-bedded (Eifelian) limestones of Hope's Nose yielded 
18'5 and 18'6, the (Upper Devonian) Goniatite limestones 10'2, 
whilst the other specimens obtained from different parts of the 
limestone group between these horizons gave much lower 
percentages, from 0'2 to 3'5. 
--- ---- --------- ------

~ Quart. Journ. Geol. Soc. for Aug. 1892. Vol. xlviii. pp. 377-387. 
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Slides of the thin-hedded limestone at the top of the Hope's 
Nose Quarry show under the microscope "a light gre'y finely 
crystalline ';Tound mass trayersed by fissures fillecl with calcite. 
III the ()"rou~d mass are ferl"lwinous patc;hes and minute rhombo
hedral1:lerystals, apparently ~f dolomite." Slides of the more 
massive limestone at the base of the quarry proved "to be 
composed of broken calcareous fragplents, ,~he, s~ructure ?f 
which has, for the most part, ueen obliterated. 'HIgher up III 

the (lu,l,rry" the limestone" is largely made up of coral de!Jn·.~, 
polyzoa and stroma toporoids." ." Toward the middle o~ the quarry" 
is "a series of beds yery dark III colour. These sectIOns SilOW an 
almost struetmeless ground mass" in which crinoid ossieles, 
valyes of ostracoda, and one or two shell fragments were found, 
tnwersed in all direetiom by calcite suggesting tubules, ap
parently forms of vegetation. The dark resilluum was proved 
to be carbon with very little dOll bt. 

The Eifelian slates vary in colour and character in different 
parts of the area, so that their recognition depends to a great 
extent upon their relations to the overlying limestones. For 
example, the re~1, grey am1 dark slates and shales on the south 
coast of Hope's ~ ose promontory, and the reddish grey and dark 
grey slates and shales which underlie the Daddy Hole limcstones, 
arc overlain by Eifelian limestones of it slaty or shaly charactet. 
The limestones with rugose comls, ,,"hich represent the Eifelian 
limestone in impcrsistent patches at the base of the Ashprington 
yolcanic series, O\"erlie Eifelian slates; but it does not thorefore 
follow that the basement beds of the various limestone masses 
are all on the same horizon, even where they rest on, or exhibit 
a downward passage by intercalation into, slates. Although 
from Eifelian limestone to slate it passage, more or less gradual 
but irregular, is shown in such sections as Hope's N ~se and 
Daddy Hole, no such passage is apparent in many places where 
limestones rest more or less abl'llptly on slates, as at Upton 
Farm, Torre Chapel and Torre College, in parts of Ellacombc, in 
Torquay, and in the }larldon, Berry Pomeroy, and Ipplepen 
districts. In these cases it is not always easv to decicle to what 
extent slates or shales may have repfaced Eifelian limestones, 
and whether the limestones belong to the Eifelian 01' a higher 
stage. This nncertainty makes the correlation of isolated lime
stone patches, in the absence of distinct lithological an\l palmonto-
logical evidence, very unsatisfactory. C 

1'clRQu,\ Y DISTRICT. 

rr:h~ snuctme of the TOl:(~ua'y promontory is a complex 
antlCh~1e, so urokell, and shIfted by faults that the Middle 
Deyoman rocks on Its flanks are yery seldom found in their 
normal relatiye pos~t~ons. The . ~ower Devonian may be an 
offshoot from the I mgnton antlClllle, as before mentioned or 
may be isolated by intervening Middle Devonian rocks. The 
limestone islets of the Shag Rock, thc Thatcher, and the Oa1'e 
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Stone, strongly snggest a harrier of :\Iiddle Devonian cutting oft 
the Lower Deyonian on the south. 

It is, however, quite possible that the Lower Devonian of 
Torquay and Paignton may be connected between the Shag 
Rock and the Thatcher in Torb;lV. }Ir. Hunt * remarks: "From 
the Shag, which is a limestone 'rock, a reef runs off in a south
easterly direction for some four hundred and fifty yards. This 
is composed of slate rock or grit. such as we find at :\Ieadfoot, 
and does not correspond in th;it respect with the Shag Rock, of 
which it seellls a continua tion. From the south point of the 
, Thl1tcher' the bottom is rocky in a westerly direction, and here 
(about four hundred yards hOlll the' Thatcl{er ') ... my dredge 
detached a large fn{gment of slate rock. ...... About one 
thousand yards south-cast by south of the 'Thatcher' ... the 
dredge . . . brought ,nmy a piece of grey grit." From thesc 
passages it seems likely that there is a connection between the 
TOl'quayand Paignton Lower Deyonian areas in TOl·bay. The main 
structural CUlTes of the Torquay are11 are obliterated through faults 
and constant irregular plication: but, notwithstanding this, the 
spurs of Lower Deyonian extending to Babbacombe Church and to 
Thurlow Road (Torq1111y) frOlll 'Yarberry Hill prove the complex 
structure of the anticline, IUld account for the Eifelian slates and 
limestones of ElLtcombe, as occurring in a syncline between these 
anticlinal spurs. The g'eneml temlenc.\· elsewhere has heen the 
production of faults letting down the limestones against Lower 
Devonian rocks and cutting out the Eifclian slates altogether. 
The greater effects of faulting and of minor plications in the 
vicimty of the main structural folds have been pointed out in the 
introductory reference to tbe general structure of the area. 

The limestones of TOl'quay and BabbacomLe form portions of 
a plain or plateau which is also conspicuously shown in the 
limestones of Berry Head and Brixham.t As, with local excep
tions, these lilllestonns bridge oyer the entire interval between 
the rpper Deyonian Gu /I illt ite beds and the Eifelian slates, it is 
a legitimate inference that all the slates in the Torquay pro
montory which are not included in the epper or Lower Dewmian 
are below the limestone m,lsses, andllla y therefore Le consiclered 
Eifelian. " 

As it has not ueen found possible to separate :Jliddle Deyonian 
(proper) from Eifelian limestones in the following descriptions, 
the lower beds of the former must be necessarily included, the 
rem.tinder being reseryed for another section, which embraces 
what are regarded as the upper beds of the masses. 

LOINI' P(lI't (~f the L ililestone (( lid Eifel ian Slates and Limestones. 

Localities.- 1. Between Daddy Hole and :JIeadfoot Sands and 
The Strand, Torquay. 2. Hope's Nose and Redgate Beach . 

• "~otes 011 Torbay," TrailS. Devon. Assoc. for 1878. 
t Pengelly "On the Lithodoll1uS Perforations, etc." Trans. Devon, 

,I ssut'. {or i tiGG, 
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3. Babbacombe, Ellacombe and St. ~Iarychurch (open to question). 
4. Hele, Upton and Torre. 

Daddy Hole. 

The Section at Daddy Hole was described bv Champornowne 
in 1874* as follows ;-" A mass of limestone bet~yeen Daddy Hole 
Plain and Hesketh Crescent is separated from the main HUtSS of 
limestone, and forms a conspicuous knoll above the west end of 
l\1eadfoot Beach, but it does not app01tr to have been generally 
recounised as a repetition of beds. If we descond to the little 
cove~ which wo may call 'Daddy Hole' or 'Syracusa' Cove, 
loavino- the lw.se of the limestone" of Daddy Hole Phtin, we P,1.SS 
over a~band of shales, which to all appeal"11nce are interstratified 
between that limestone and tho beds constituting the knoll 
before referred to. The foot of the path, close to the beach, is 
over huge blocks of limestono fallen from the clifts above, but 
inunedi~tely 011 tho right w~ haV(~ a mass of the grey or oliv~
coloured shales (or slates) III w luch, although a cleavage IS 
developed, the bedding is on the whole quite distinct. They 
contain a few crinoidal remains and Brachiopoda, not easy to 
get out complete, and the universal Atrypa reticulc(1'is, Linn., was 
all I could recognise. Beyond here, for some way, they are weather
stained red till near the limestone. Thin-bedded calcareous 
layers, brownish and reddish, pass gradually into the limestono 
above, and contain first a great number of Polyzoa, which, though 
fragmentary, are often beautifully preserved, with one or two 
peculiar forms of crinoidal joints, etc., and then immediately 
above, if not in the same layer, Calceolu s([1uZcdinu, Linn., in a 
thin-bedded red shaly limestone, in considerable numbers, 
together with simple corals (Cystiphyllum and others) ..... The 
IJassage beels .... dip below the limestone at an angle of 35° .... . 
Recrossing to the east end of the little beach, we observe that it 
ends abruptly against a great face of limestone, which plunges 
undor the sea at a mean angle of 40°. On approaching this 
limestone the slates are similarly reddened, and tho passage 
layers of limestono can be seon in section immediately above the 
face just montioned. Thore is no material difference between the 
appearance of the passage on tho one side and that on the other. 
C(llceoZce occur on this SIde as well, and are not uncommon in the 
red shaly limestone which forms the slope of the hill, whore, it is 
worthy of remark, thoy wero lying for the most part flat side up, 
which, if the beds be inverted, is what we might expect. I have 
looked for them, but so far without success, under the quarry on 
the north-east or Meadfoot side of the knoll,t underneath which 
are again shales, weather-stained red, which strongly resemble 
those we had before in the cove. Their fossiliferous character in 
Meadfoot Bay was long ago pointed out by Professor Phillips."t 

* " On a Contortion of the Limestone of 'l'or'luay and the Presence of 
Ualceola Sandalina at its Base." Trans. De1!On. Assoc. for 1874. 

t I have obtained several Hpecimens of Culceola in the red limestone 
shales on the Meadfoot side of the knoll. 

+ Pal. Foss. Cornwall, Daon, etc., page 20J. 
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" If, then, we are right in regarding this hill of lim~stone as 
the Rock End and Daddy Hole beds repeated by some means, we 
should expect to find th'lt they possess many characters in 
common. Accordingly, we find that such is the case. Both 
lithologically and pllLeontologically they are, in fact, identical. 
The JIII)'chisoll iw, FrCL'osites, SyriilgojlolY/, etc., besides many 
more of the common corals, occur in both. The two last 
mentioned iue found associated neal' the Rock End wall and 
, London Bridge: on the 'west side of the cove, and on the east 
side at the point of limestone directly opposite the Shag Rock, 
known as Triangle Point. The MnrchisoniCt3 I have found close 
to Rock End ,Yall, and }Ir. Lee tells me he has found them in 
the old quarry on the east side of the cove." .... "The wrench 
which has formed the subject of this communication appears to 
be traceable from the coast by a boss of limestone overhanging 
Hesketh }Iews, and another isolated piece neal' 'The College.' 
Thesemay,howeyel', o"\\-e their position to this twist,combined with 
a fault crossing from neal' the Post Office to Hesketh Crescent." 
The little promontory of limestone (Triangle Point) at the south 
end of jleadfoot beach is cut off from the limestone of Daddy 

. Hole Knoll by a nearly east and west fault, which is filled with 
broken limestone and "calc Spllr. This fault has a downthrow to 
the south, decreasing westward and passing out into two or 
three small dislocations visible in the cliffs on the west side of 
DiHldy Hole. Traces of gold were met with in the calc spar of the 
fault rock, on the south side of the quarry, on the east of 
Daddy Hole, but the gold fever this discovery produced was 
speedily allayed by a small dose of ulll'emuneratiYe prospecting. 

The succession under Dadch-hole Plain is as follows in 
descending sequence: • 

1. Thick-bedded grey lime~tone. 
:!. Irregular thin-bedded grey limestone, partly slaty and shaly., and 

containing buff e'l.rthy matter, about 15 feet thiek. 
:3. Dark grey slates, weathering greenish, with lenticles of lime~tone and 

fragment~ of comb and crinoids. 
4. Dark grey slate~, weathering greeni8h, with calc.-spa~· veins, very 

fo~~iliferous in place8, notably at about :30 feet below the hmestone. In 
one ]lal't ,)f Daddy Hole Cove (Daddy Hole) the slates are stained red for 
about 40 feet vertically downward from the limestone; the colour ehange 
ha~ a breadth of about :!o yank Herr Frech obtained Jlontz'culipom 
allied to .If ji0),OSU, Calceola 8(wdalina, Pentmne)'1(.~ galeatu8 and CYI·tia 
Jrhiduo),llei, Dayilbon, in Daddy Hole Cove, in 1888. 

The Rey. G. F. ,Yhiclborne * notes the discovery of numerous 
specimens of a new genus of Ostracod, named by Prof. Rupert 
,) ones ]{ ya modes Wh idhol'nei, in a quarry on Daddy Hole Knoll. 
Atliljl'is concentrica and a doubtful Ve?'1Twtns were found in the 
salll~ beel \yhich forms one of several thin bands, alternating 
with shale and underlying thick-bedded grey limest?nes. 

On the cast side of Daddy Holl Knoll the descendmg sequence 
is as follows :-

1. Thiek-bedded bluish grey limestone. 
2. Rather thin and irregularly-bedded dark grey limestones. 

;, A lill. (ulll JiGi/. oj Xat. 11 {st. for October, 1888, p. 299. 
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3. Red shaly limestone and partially calcareous shales in which severa.l 
examples of Calceola sandalina were obtained, besides Phacops, Att'ypa, 
Leptrena, Orthis, Spirifera and Fenestella. . 

4. Dark grey shalp.8 with occasional beds of limestone and small h~e. 
stone lenticles, enclosing fossils such as Spirifem resembling Sp. specwsa 
and Penestella. 

5. Dark grey and greenish shales and slaty beds with calcareous patches. 

Lower in the series the slates are very dark grey or blackish. 
and contain harder bands and lenticles of mudstone, as well as 
signs of interbanding with films of a coarser texture and paler 
colour. In places the reefs are of a vivid pale-green colour 
suggestive of the presence of copper ore, and a purple colour is 
noticeable in them by the steps leading up the low cJiff from the 
beach to Meadfoot Road. 

The Eifelian slates are evidently cut off against Lower 
Devonian rocks at the east end of Hesketh Crescent. The 
patch of limestone at Hesketh Mews* is on the south side of 
this fault-and on the north side of it is the college (Apsley 
Honse) limestone. Between the Hesketh Mew~ and Apsley 

FH;. 4.-Lmmox BRJl)GJ<:, TORQFAY. 

House limestone patches a shaft was sunk during the construc
tion of the Torquay sewer, near the junction of Middle 
Woodfield Road with Meadfoot Road. In it calcareous beds 
were encountered at a depth of 104 feet under the dark slates. 
Whether this phenomenon is due to the faulted junction of the 
Middle and Lower Devonian having so oblique a southerly hade 
as to allo,,, of the superposition of Eifelian slates on Meadfoot 
beds at this spot, or to the occurrence of calcareous beds low 
down in the Eifelian slates, there is now no means of ascertaining. 

The coa~t between Daddy Hole Cove and the Bath Saloons 
shows the contorted character of the Daddy Hole limestones. 
At Magwintons (Fig.5) the limestones exhibit an inverted syncline 
(with steep seaward dips from which the beds rise gently land
ward). The natural arch of London Bridge (Fig. 4), further west, 
is on the prolongation of this synclinal, the rocks forming the 
bridge being thin beds immediately on the seaward side of the 
axis from which the beds rise gently landward. The floor of Dyer's 
(or " the Old Land's End") Quarry" with its dense reef-like growth 

"* Compare lime~tone of Charles Terrace, Ellacombe. 
7052· E 
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of Uyctthophyllwm c(£8pitosum, and other corals 4o" is on the 
continuation of this axis. At Land's End Cystiphyllurn 
vesiculosurn has been found in the limestone. The cliff hard 
by bounding Petit Tor Cove t seems to be on the face of a 
fault, which, prolonged northward,!robably shifts the limestone 
boundary near Engadina Villa, an in its further prolongation 
throws the Apsley House limestone on the east against Lower 
Devonian on the west. The cliff face at Petit (Peaked) Tor 
Cove shows a normal anticline in the limestones. The 
Bath Saloon is built UPOll rather massive-bedded grey limestone, 
but the cliffs eastward often consist of reddish shaly or slaty 
limestones, which might belong to the Eifelian. The Apsley 
House limestone is a triangular patch apparently bounded on 
all sides by fault. At the Presbyterian Chureh reddish, slaty 
limestones are exposed; they may belong to the Eifelian. 

In the valley between Victoria Parade and Asheldon Copse 
the evidence is altogether insufficient to enable one to trace the 
relations of the rocks with approximate certainty. 

Fro. 5.-CONTINUATIOli OF THE LONDON BIUDGE SYNCLINE AT MAGWINTONS, 
:l: MILE TO THE EAST. 

~

~ -- '--- -~- ==-==~ 

Behind the Torquay Natural History Society's Museum, and 
in the foundations, greenish~weathered fossiliferous t slates were 
excavated. Near this, at the 'Vinter Garden, reddish shaly 
limestone and shales were observed. These beds overlie the 
limestone of Braddons Hill. and are, no doubt, inverted Eifelian 
slates and limestones. 

Pengelly informed the writer that the foundations of Lisburn 
Crescent disclosed limestone associated with slate. Behind the 
Crescent there is a cliff of compact crystalline pinkish and grey 
limestone shattered by irregular joints. This compact limestone 
is suggestive of beds higher in the series, although the limestones 
and the slates in the foundations may be Eifelian. The 
prolongation of the fault which throws the Braddons Hill 
limestone against Lower Devonian rocks in Market Street seems 
to cut off the limestones of Lisburn Crescent on the south side 
of Erinville. 

A small mass of crushed and broken (dolomitic ?) limestone is 
exposed in a small quarry by Lower Warberry Road, just within 

* ChampernClwne, op. c£t. 
t Or Peaked Tor, not to be confounded with Petit Tor near St. Mary

church, at the north margin of the map. 
t The Rev. G. F. Whidborne has examined the fossils obtained in the 

excavations, and collected by the late Mr. Else. See Geol. Mag. for Dec. 
1901. 
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the O'rounds of Wellswood House. This limestone probably 
OCCIl~ at the coalescence of faults, which, in the absence of 
evidence, cannot be traced. It may rest on EifeliaJ?- slates,. as 
O'rey slates are evidenced at \Vellswood Park, but theIr relatIOn 
to the Lower Devonian grits and slates on the north is not 
visible. 

Hope'li Nose. 

A fault roughly coincident with a line drawn fro.m the west 
end of Hore's Nose Quarry across the promontory m a south
westerly dIrection cuts off the Lower Devonian rocks against 
Eifelian slates.* These rest on the top beds of the Lower 
Devonian, and are partly capped by slaty Iimestone (i.e., the base 
of the Eifelian limestone). Therefore (unless partly cut out by 
thrust faults), we have here the whole thickness of the Eifelian 
slates-about 180 feet. 

FIG. 6.--DLH'RAM ~HOWIN(: THE RELATIONS O~· THE DEHJNIAN ROCK~ AT 
H()P~;'8 NOSE. 

M 

SEA LEVEL. F \F s' 
F 

U D = Upper Devonian. 
L = MIddle Devonian limestone. 

E L = Eifelian limestone. 
E S = Eifelian slate. 

S 1 S 2 = Upper and lower part of 
Staddon grits. 

~I = Meadfoot beds. 
F F=Faults. 

For some distance below the capping of buff-weathered slaty 
limestone, the shales are partially calcareous, very fossiliferous, 
and contain slaty limestone. They weather pale grey and buff
brown, but, toward the fault, are peroxidated for a considerable 
vertical thickness. These beds are underlain by blackish slates 
or shales,* with bands and lenticles of dark grey brown-weathered 
mudstone, and, occasionally, of dark limestone; they rest 
directly on the Lower Devonian grit. The relation I)f this section 
to the limestone of either horn of the Hope's ~ose promontory is 
obscnred by a fault, which is well shown near the Raised Beach, 
and has a distinct hade eastward. This fault meets the N.E. 
and S.W. fault, at the west end of Hope's Nose Quarry. The 
beds let down by it are thick-bedded grey limestones, overlain 
by thin-bedded and slaty limestones, which form the low cliff 
and foreshore reefs for most of the way between Hope's Nose 

* Strictly speaking, the Eifelian slates are either slates or shales, or slaty 
shales accordmg to the accidents of plication. 

7052 E 2 



52 GEOLOGY OF TORQUAY. 

and the Raised Beach. These slaty and thin-bedded limestones 
are unquestionably Eifelian, and they are overlain by slates 
which occupy a shallow syncline. The succession here is, 
therefore, a reversal of that of Daddy Hole. It can only be 
explained by inverted structures, as shown in the accompanying 
diagram (Fig. 6). 

We have thus, in the Hope's Nose promontory, a normal 
and an inverted succession, the inverted succession supple
menting the normal one. Hope's Nose is composed ot massive 
or thick-bedded pale grey limestone, often compact and pinkish "* 
(described by Kayser as a coral reef) containing Stro1natopora, 
Heliolites P01'OSUS, simple Cyathophylla, Cystiphyll1L1n vesic'uio
s'wrn, etc. In the quarry this limestone is exposed to a depth of 
about thirty feet, and is overlain irregularly by from twelve to 
twenty feet of thin dark grey limestone beds. On rounding Hope's 
Nose and proceeding southward, the reef composed of maSSIve lime
stone is bounded by a low chif of the thin-bedded limestones, 
which become slaty towards the Raised Beach. The thin lime-

FIG. 7.-SKETCH ON THE COAST AT HOPE'S NOSE. 

B =Raised Beach of Hope's Nose (in the background). 
T = Thrust fault, 

y y = Y olcanic tuff. 

stones rest, as in the quarry, on an irregular hummocky floor of 
the massive rock, presenting appearances of truncation, etc., 
which Kayser attributed to deposition on and against the 
irregular surfaces of the reef. If this explanation is thl:l only one, 
the beds cannot be inverted. It llluSt, however, be remembered 
that in such an explanation as has been given the friction and 
pressure, at the junction of the massive and thin-bedded rocks 
would be likely to produce irregularities as well as sharp plica
tion accompanied by thrusts, such as are exemplified further on. 

The massive limestone platform dips under the sea-level a 
short distance to the south of the outfall of the Torquay sewer. 
From this to the Raised Beach the cliff and beach reefs are in 
slaty limestones, slates above them occurring in one place at the 
top of the cliff. The Raised Beach is on a platform of massive 

*. Compare the coralline limestone of Highlands Bridgetown, Totnes, 
which seems to be Eifelian, and t4e limestort;l be4ipd Lisburn Crescent, 
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bedded limestone, which has emerged from beneath the slaty and 
thin-bedded limestones. On the summit near the Raised Beach 
the thin-bedded limestones are contorted and thrust over, or 
obliquely faulted against the massive rock. 

In the slaty limestones it thrust is also visible at about 150 
yards from the Raised Beach, but it is impossible to say whether 
it is a continuation of that above mentioned. Below this 
thrust (sec Fig. 7) the slaty limestones are contorted, and contain 
two intercalated bands of ,-olcanic tuff two feet apart. These 
bands, respectively eight and six inches thick, are visible for 
sixty or seventy yards. 

The dark slaty limestones are intersected by calc-spar veins in 
places, and they appear to pass into slate. In the low clifl" 
IV here the limestones are shaly they are 0ften partly decalcified to 
butl" indurated earthy material, * and contain numerous fossils. 
Ph(~C01)S lati/mlll) is said to Le aLl1mdaut in the shales above the 
limestone. t In the following list the fossils obtained by Dr. 
Ktyser are supplemented by those identified by the Geological 
Survey palmontologists and Ly ~Ir. \Vhidborne, which are 
respectively distinguished by appended letters S. and \V. 

Cyathophyllum heterophyllum Leptrena interstrialis. 
Heliolite~ porosus. Orthis arcuata. W. 
Fenestella arthritica. 'Y. Pentamerus galeatns. 
Hemitrypa oculata. W" Productus pustulosus? W. 
Rhabdomesonl similis. W. subaculeatus. S. 
~~thyris concentrical W. Rhynchonella parallelopipeda. W 
- rugata. W*. - procuboides. 
Atrypa aspera. S. Spirifera curvata (typical shape). 
- desquamata. S. - ~peciosa. 
- reticularis. Streptorhynchus umbraculum. 
Bifida lepida. W.* Platystoma sigmoidale. "P. 
Kayseria lens. Scoliostoma (Turbo) texatus. S. 

The foul' fossils in the list with IV' are referred to in Whidhorne'b 
~lonograph, vol. i., p. 199 j vol. ii., pp. 100, 102, ]80. 

Calceola sannalinn has not been found in the Hope's Nose 
slates and limestones. 

Redgate Beach.-The next place on the coast where the Eifelian 
is represented is Rerlg-ate Beach, asketch of which is figured (Fig. 2). 
Here the Eifeli:1.l1 limestones are very dark grey, irregularly shaly 
and thin bedded, and apparently in plicated associatlOn with pale 
?irey coralline, apparently massive, but really somewhat shaly, 
hmestone. The dark beds have the appearance of folding round 
the pale grey limestone in much the same way that the Hope's 
Nose thin limestones are assuTlJed to be folded round the massive 
beds, and they are brought up by a fault which runs coincidently 
with the massive limestone cliff' behind them. In specimens 
obtained from the dark limestones .Mr. \Vhidborne has identified 

* The Eifeli'\ll limestone near Springville House, north of Totne8, is of 
the same type. 

t Whidborne, " Monograph of the Devonian Fauna, etc." j "Limestones of 
Lummaton, etc.," Part i., p. 7, 1889, Pal. Soc. , 



54 GEOLOGY OF TORQLU . 

• ~lcculite8 I:Jnuu,·Ui.CE?tO'il:J, a small Pa,chypora (cervicornis 1), a 
Cy((tlwphyllnm, sImIlar to C. Raemen, and Atrypa reticnlaris. 

Between two faults i.n the massive limestone cliff thin-bedded 
shaly reddi.sh limestone, <lpparently resting on shales, are brought 
up. These ,llso are probably Eifeliall. The extensi.ve under-cliff 
of sli.ps, talus and limestone blocks, which bounds Redgate Beach, 
eftectuall\' conceals the faulted relations of the Eifelian slates 
and li.mestones: slates of the same clark character as the 
lower beels in tlle Hope's Nose and D,lddy Hole sections are, 
11oweyer, exposed on the margin of the broken ground bordering 
the beach, and as grits associated with chocolate-coloured shales 
denote the occUlT~nce of Lower Denmian, it is probaule that, 
although cut up by faults, we might find the whole Eifelian slate 
series represented, if the slipped material and talus were 
remoyed. X 0 systematic search for fossils was made in thi.s 
locality. . 

Babbucambc.--The limestones of Babbacombe Clift' are eyenly 
bedded in thin layers wi.th occasional thicker beds. In the road 
to Oddicombe Be~ch they pass downward i.nto slates with calc 
Spill' yei.ns aud, here and there, irregular beds of limestone. 
Atl'ypa l'etiCld(~I'i.~ was recognised amongst the badly preserYed 
fossils in oue of these beds. The further observati.on of the 
slates is preyented by slips and talus obscuring the surfn,ce 
between the clift' and the beach below. The slates are cut oft' 
against New Red rocks, 011 the north, by an east and west fault, 
which is exposed on the coast, From the fault to beyond the 
Half Tide Rock, where the limestones oyerli.e them on the beach, 
dark slates or slaty shales are visible. ~ ear the junction they 
are intersected by calc spar yeins and contai.n hard bands, pro
bably calcareous. 

At the Half Ti.de Rock an i.rregularly i.ntrusive igneous mass 
occurs in these slates, and a large mass, with less clear relati.ons, 
is exposed near the fault. These are evidently the rocks 
described by Dr. Busz * as a Labrador porphyry rock (alli.ed 
to the leucophyres, as the S'roundmass consists almost enti.rely 
of felspar) and a compact diabase. 

The Carev Arms is on purpli.sh slates, apparently on 
decomposed ~'ed and brown weathered igneous rock (a granular 
diabase). This slate continues to the Glen, and i.t is possible that 
it may be either a stained continuation of the dark slates or 
even Upper Deyonian cut oft' by t:'lult, 

In the -:Babbacombe Cliff the limestone is affected by zigzag 
plications, the axes of which run, more or less, coinci.dently with 
the clitl' face; this, in consequence, gives at first sight the 
appearance of nearly hori.zontal beddinS' with an interbedded 
impersistent mass of i~neous rock, mostly decomposed, Closer 
inspection, however, Sl10WS that the igneons mass is along 
the axis of a curve through which it has been exposed, by 
the denudation of the limestones which originally wrapped 
round it. (Fi.g 8). 

----'----

* Sit:. ,1. Xierlcl"I'lleilti~cht Ge~ell. im Bunn., 1893, p, 85, 
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This mass is either an intrusive sill, perhaps c.onnected with 
the rocks below, or a contemporaneous volcanic ro~k: It .is 
shifted by a couple of faults crossing a path up. the chft an? m 
line with its southernmost exposure. About SIxty yards from 
this the zigzag contortions are very well shown. (Fig. 9). With 
such a structure it is evident that the superpositIOn of lImestone 
on slate is quite inconclusive as to their relative position. In this 

FIG. 8.-UPPi:R PART (H- BABBACOMBE CLIFF 
NEAR THE ROYAL HOTEL. 

Gn=Igneous rock at axis of a fold. 
L =Limestone, even· bedded. 
Fl<'=Faults. 

~LC" 
~~~ 

'F \ 
The same in profile 

on the north-west 
side of the faults. 

case, however, the dark slates correspond in character to those 
in Dartington Park and in the Broadhempston area as well as to 
the lower part of the slates in the Daddy Hole and Hope's Nose 
sections. They calluot be Upper Devonian, so that the only 
alternative is one suggested for these dark slates from a cursory 
inspection by Dr. Kayser,* viz., that they may belong to the 
Stl'illgocephalns horizon and correspond to the Wissenbach and 

FIG. 9.-CONTORTlOXS IK B.\BBAeoMBE eLlH'. 

~,-

~I 
Goslar slates. This would not apply to the Hope's Nose and 
Dadfly Hole sections, and its apphcation to this section would 
imply the local breaking up of the Torquay limestone mass by 
a series of intervening slates. 

In It district so faulted and contorted the local separation of 
the lower from higher beds of limestone by the deposition of 
lllud, in an interval attended by slight volcanic dIsturbance, 
------------------~-----------------------

* Op. cit. p. 187. 
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would be yery hard to proye. ~uch a theory might account for 
the ditlerence in the character of the Ellacombe limestone and 
for the relations of the St. ~Iarychurch limestones, and those of 
Torqnay Cemetery, etc. This explanation, as will be seen further 
on, applies to phenomcna in the Goodrino'toll, talbcrton, Dart
ingtoll, Broadhempston and ,Yhilborough districts; otherwise 
dillicul t to explain, 

The Rtbbacombe lilllestones are hmlted against the Eifelian 
slates and Lower Deyonian rocks on the west. ~ ear Bishopstowe 
this boundary is shifted by It cross fault, on the north of which 
s1l1l1y irregul;ll' limestones: perhaps Eifelian, arc exposed by the 
Babbacolllbe Road. There is no eyidence of the nature of the 
rock between Asheldon Copse and Bishopstowe. At the east 
clld of Babbacombe, opposite Bennctts' cottllges, irregulgr dark 
grey red-weathered shaly limestones, with occasional inter
calations of shale, are exposed in fI small quarry. 

Ellltc/llnbe.-The Eifelian slates of Ellacombe weather grey 
and greenish: their junction with the Lower Devonian of \Var
benT Hill, where Hot tilulted or oyer thrust, scems to be inverted, 
as, for instance, south of ,Yarberry }Iotlnt, and perhaps at, or 
Hcar, the "~cstern Hospital. In the ncw road, north of thc 
'Yestcl'll Hospit,tl, grecnish and red slates or shales are exposed, 
but no characteristic fossils were obtained ill them. 

The position of many of the limestone patches can only be 
accounted for b~- fault, and it is possible that some of them" owe 
their position to thrusts. 

In Ashill Road a large patch of rather thick-bedded grey 
limestone is faulted against the Lower Deyonian; it is exposed 
in a quarry face on its eastern border, and also at its southern 
extremity. There is no exposure bctween this and the neigh
houring masses of Charles Terrace and the }laisonette, which 
are well defined hy feature. 

The Charles Te~Tace limestone is exposed in a quarry near its 
castern extremity, where the rock has a saccharoid dolomitic 
aspect, and has been crllshed into small pieces. In the centre of 
the quarry a dyke-like puh-eriscd rocK is conspicuous; it is 
probably clue to the decomposition of the more crushed portion 
of the limestone. Bedding seelllS to be irregular and more 
or less horizont'll, if the indications taken for It are not crush 
p!;mes. 

The ~laisonette limestone is well exposed in quarries. The 
rock is pale grey and crystalline, and is broken by irregular 
joints; it appears to be faulted against the slates on the south. 
There are two small patches of lImestone, bOlmded by fault on 
the east, in the market gardens at the foot of ,Yarberry Hill. 
~\. small patch of grey massive, or thick-bedded, limestone is 
exposed ilt the bend in the Lower Bronshill Road, south of 
Homelands. 

All the above lllay be placed in the same cat~gory, vi •. , lime
stones which show no appearance of passage llltO the under
lying slates, and which, therefore, suggest basal thrusts or 
faulted boundaries. 



:\IIDDLE DEVONIAN. 57 

Between these limestones is a larger mass. Thi~ is irregula;rly 
associated with schalsteins at its eastern extrenllty, both bemg 
probably cut off by tiwlt. The south-east~rn part ?f this ma~s 
consists of limestones with nearly vertICal beddmg, and IS 
separated bv <l b,md of tuff' ti-0m the main mass. 

In it q u,irry near the Ellacombe National School the lime
stone is irreO'ularlv associated with grey slates. By lower 
Bronshill Ro~d arld bv the lane to Hill Park (north of the 
:St. Jlarychmch Road) dark grey li~e~tone. beds, associated 
with slatos, were observed. The aSSOCIatIOn wIth slates renders 
the boundaries of this limestone Illass very indefinite, whilst it 
strongly suggests the normal ~ifclian limestone ~ype. <?n the 
n.wth of the Charles Terrace lllnestone tl trace of volcamc roek 
was noticed in the slates. 

eptoll Fa/'m Limestone.-A lllass of limestone, overlying the 
slates on the west, is well expose(l in a quarry by the road 
in Upton Yale, on the north of Upton Farm. The rock is 
partly erinoiclal and in tolerablv thick beds, partly thin-beclded 
and shaly. East of U ptoll F~Ulll, near Matchwood Terrace, 
lenticular limestone beels were seell in the slates. 

The slates neal' Hill Park and Upton Cottage arc dull 
oTeenish-grev, and contain vesicular igneous rock, probably iu
trusive. N c'ar their junction with the lJ pton Farm limestone, 
011 the south, and the Daisolls limestone, on the north, the slates 
are· red stained. The jUllctions may in both cases be timIts. 
It is probable that the boundary with the Daisons limestone is 
a continuation of the fault on the south of Oddicombe Beach. 

Dit ilO()n8 L imestone.-N ear Daisons Farm, 011 the south side 
of the fault, pale grey limestone, apparently dolomitic, is ex
posed ill a small quarry opened for gravcl, as the rock is broken 
mto slllall pieces by the crushing it has undergone.* Eifelian 
limestones probably make a natural junction with the slates 
from Daisons Farm eastward, but no indication of the nature of 
the rock could be obtained. The Daisons limestone is much 
plieated and faulted. The Daisons Rock crags indicate inverted 
plieations with a northerly dip, and faults and crushed 
rock are shown in. the large qllarries by the Teign
mouth Road. These dIsturbances probably connteract the fault 
in the direction of Oddicombe Beach, which has a downthrow 
to the north, alld bring in Eifelian beds north of the Daisons 
Honse and \Vesthill Farm. Thin limestones, overlying slates 
with traces of tuff, and dipping north, are exposed near West
hill Farm, behind a house by the road to t3t. Marychurch 
(West Hill), and by the road to Hcle (Black's Hill). The thin 
limestones and slates may be sandwiched between two nearly 
parallel faults between Hcle and Windmill Hill, or they mav 
be brought up by an anticline. • 

St. },[a?'ychwrch LiJn(:stone. -.From Cary .Farm to Trum
lands Quarry there are very occasional indications of the presence 

* Compare the Charles Terrace limestone and the limestone patch near 
\Vellswood Hou~e. 
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or tuffs and slat:, Oll, the slope below tl~e broken, rubbly, grey 
lImestone on whICh Cary Castle stands; lis boundary with the 
New Red is exceedingly vague. In Trumhtnds Quarry, butf, 
grey-brown, and red, much decomposed, hard and soft calcareous 
tufts rest on (partly dolomitic) limestone, which is thick-bedded 
in places, though for the most part in thin beds, and in parts 
irregularly shaly or slaty. The dip is northerly, at an angle of 
about 35~. In the corner of the quarry there appears to be a 
fitUI~, 11:nd in anothet [lace irregular displacel~.c~ts or thrusts. 
Hel~ul~tes pOJ'08U8 anc St?'oJliatopora HUp8Ch~~ (111 the Cau1w
pom state) were obtained in this quarry, and identified by the late 
Prof. Nicholson. Thc tuffs are again encountered in Moullt 
Pleasant quarry (in the north part of ~t. Marychurch). Here 
they are of a purplish colour, and contain hard, irregular masses 
of (appar~ntly) dolomitic brecc.ia. They dip nor~hward at an 
angle of D5" under pale grey lImestolle beds, WhICh are much 
shattered. From these quarries the tuffs would seem to be in a 
syncline, and therefore above the limestone. It should be men
tiolled that the Petit Tor faults, prolonged westward, may have 
something to do with this peculiar rock, and it is just possible 
that it may mark a line of excessive crush, along which dolomiti
zation had subsequently taken place. The limestones of Mount 
Pleasant Quarry dip under red shales or slates. The boundary 
can be traced across the high road south of the Palk Arms 
Brewery to the lane between Barton Road and the Lummaton 
Quarries, where it is lost in the low ground. In an orchard 
wcst of the Palk Arms Brewery rather even-bedded limestones 
were observed dippi~g l~nder ~ard S!utly ~nu~~tones and shales, 
at an angle of 20~. 811111lar tufts to those 111 lrumlands Quarry 
are assoCIated with the shales. It appears, therefere, that these 
limestones are lower than those in the J~ummaton mass adjacent, 
and if evidences of the superposition of shales and schalsteins 
upon them may be relied on, that there was here an interval 
(luring which local vulcanicity and muddy sedimentation took 
place.' From the nature of the evidence it is impossible to 
connect this episode with other cases in the Torquay promontory 
to which a similar explanation may apply. 

Hele, [~Jltnn, and Torre di8trict.-Between Hele Cross, Hele, 
and WmdmillHill, dark grey irregularly-bedded limestones, of 
the Ellacombe Eitielian type, are exposed. 

In the higher part of the Torquay Cemetery slaty flnd irregu
lar broken limestone beds have been proved, in places, to a depth 
oftwelye feet. In the path Ly the greenhouse, near the southern 
Mortuary Chapel, broken blne limestones (red stained on the 
surface) rest on red and lilac shales, with clay seams andlenticles 
of fossiliferous limestone containing At?'ypa nticulari8 and 
Spirijel'(( speci()s(~.* In the exposure, which was fourteen yards in 
length and about two feet in depth, the slates seemed to form an 
anticline. On the east side of the Cemetery grey slates and 
ycllowish clay, with occasional beds of limestone, occur on the 

* Identified by Mes~rs. Gosselet and Barrois. 
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hiO"her O"round and dark slates on the lower. These arc bounded 
b,? N e,; Red cla\"s on the west and shifted by t~mlt on the south. 
l~~yond this the slates, wit1: 'one sl1l1tll apd one large mass of 
lilllestone ~ on the north sIde of the Cricket Ground), much 
crushed and broken, are surrounded by the New Red rocks, as 
are abo two limestone inliers, at the Pavilion entrance to the 
Cricket Ground and ncar the Teignmouth Road. The New Red 
rocks arc fimlted on the south against the reddish and greenish 
(presumably Eifelian)* slates which sep'arate the limesto~e masses 
of Stantaway's Hill, Torre College HIll, and Chapel HIll. The 
western bouildary of the middle limestone mass (Torre College) is 
a fault. In the apex of the acute angle made by this fault with 
the faulted boundary of the New Red, on the west of the Cricket 
Ground, a knoll of crinoidallimestone, interpenetrated by vesicu
ttl' diabase, is conspicuous. 

The Torre College limestolle, where exposed by the road to the 
Cemetery, is distinctly bedded; it overlies greenish slates on the 
cast; tliese contain volcanic materials at the junction Hear 
Palestine Villa, and there are also traces of similar origin in the 
slates beyond the reservoir. Between the western fault boundary 
of this limestone and the grey limestone of Chapel Hill the 
slates are reddish. 

The 8tantaway's Hill limestone is well exposed in a long quarry 
behind Prospect Place. The quarry faces are in pan fintlts, or 
crush planes, against which the lowest beds, consisting ofthin
bedded broken limestones, dip westward. Reddish shales or 
slates, apparently dipping nnder the limestones, were exposed 
by the Teignmouth Road. 8tantaway's Rock is a whitish massive 
limestone which dips east. It appears to be cut off by fault 
against the \Vindmill Hill limestones, which are exposed in a 
qll1tlTY exhibiting, in the lower part, shaly limestones intercalated 
with partly calcareous shales, dipping N. 35°W. at an angle 
of 3,5°, aud perhaps representing the Eifelian limestones. On the 
eltst of Stantaway's Rock, by the Teignmouth Road, massive grey 
limestones are irregularly overlaid by reddish shaly limestones 
with an appearance of discordance. In this case the shaly lime
stones lllay be Eifelian thrust over the massive rock. In the 
absence of clear junction sections, and in the presence of faults 
and thrusts, there is nothing to contradict the supposition that 
the three limestone masses of Clu1,J;>cl Hill, Torre College Hill, 
and Stuntaway's Hill contain in thmr lower beds representatives 
of the Eifeliau limestones, and arc parts of an originally continu
ous mass repeated by faults and folds. It is these horizons that 
seem to be represented by the :i\Tarldon and Berry Pomeroy 
limestones, and the Whilborollgh and Bulleigh Barton lime
stones may be embraced in the same category, viz., upper
most beds of the Eifclian, and lowest beds of the ]Vhddle 
Devonian. 

* If not Eifelian, these slates would have to be considered ,Vi intercalated 
in the ~~iddle Devonian and cor.re~ponding to those above the St. Mary
church hmestones, roughly speakmg. 
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JlflLdges COjlse Limestolle.-The limestone of M:udges Copse 
is probahly the southerly continuation of the Stantaway's Hill 
mass; it is bulted against Lower Devonian on the east, and seems 
to overlie the Eifelian slates on the south of Upton Farm. A 
seetion, now concealed, behind a new house in the Lymington 
Hoad, showcd reddish-stained shaly lilllestones associated with 
shales overlying red partly calcareous shales with lenticular 
lirne;;tone, cut off bv a fault, or thrust, with a northerlv hade at a 
low anglc, against greenish slaty shales with limestone lenticles. 
Further south the limestone forms a grey broken rock, evidently 
higher in the series. . 

Tal' Hdl Ro(ul Lime8tonc.-A cliff of limestone rises above the 
Torre Parish Church (St. Saviour'S). By the Tor Hill Road it 
forms a conspicuous crest of white limestone, much fractured, and 
similar to 8tantaway's Rock. The absence of cxposures in 
Brunswick 8quare renders the northern boundary of the lllass very 
uncertain. It appears to be a continuation of the TOITe College 
liluestone shifted eastward by fault. The alluvium of the Upton 
Valley probably conceals its faulted junction with the Lower 
Devonian. On the south, at U ptoD Pansh Church, there are some 
slight indications of the association of slates with limestone beds. 
H not faulted on the south against greenish Eifelian slates, the 
latter form an inverted anticlinal; slates separating this lllass 
from that of vValdon Hill. The most northerly exposure of the 
\Valdon Hill mass, near the Coffee Tavern (in a narrow bye
street parallel with Union Street), is a cliff of thin even-bedded 
limestones and shaly limestones and shales, which dip northward 
at an angle of 36°. 

From the foregoing Hotes it will be seen that no boundary 
between the Eifeliall limestone and the StTingoceplinllls lime
stone (or Middle Devonian propcr) has been defined. Although 
the lower beds of the lilllestones, where they exhibit a passage 
into underlying slates, have been certainly claimed as Eifelian, 
every attempt to limit their upward extension must be based on 
minute palreontological research. Where massive or thick
bedded lilllestones rest directly on the slates, the possibility of 
their being Middle Devonian limestones pushed out of position 
by thrust 'planes, or of the local replacement of thin-beilded or 
slaty Eifehan limestones by slates, is suggested. 

TORQUAY DISTRICT. 

Upper pad of the Limestones. 

Hithcrto the Middle Devonian limestones have been dcscribed 
in their rclation to the Eifelian; in this section, they have to be 
considered in relation to the uppermost beds of the masses, which 
should be taken as homotaxeous with the Rhynchonelln cnboides 
zone, constituting, on the Continent, the basement beds of the 
Upper Devonian. 

Clmmpernowne, in unpublished notes, alluded to the oc
currence of "occasionvJ SfTingocephali" in the limestones of 
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Lummaton and vVoolboroucrh, where RhYllchonclla C'nboidc.s is 
most abundant. As these 1imestoI.les belong to the upper part 
of the masses of Torquay and ~ ew-ton Abbot, he remarked that 
Rhynch011ell(~ cHboide.s "either lived earlier in Britain than the 
Continent, or the Sf I·i ngoceplutl i survived later." 

Unfortunately, in Lummaton Quarry, the spots where these 
fossils are found are very restricted, and a similar shelly mass 
has not been elsewhere encountered in the Torquay limestones. 
It is therefore impossible to draw any paheontQlogical b~u.ndar'y 
in them. I( however, the upper parts of the mass exlublted a 
uniformly massive character, and were succeeded regularly by 
distindly bedded limestones, a line could be drawn to denote 
these characters, although it would have only a relative 
pah-eontological value. This, however, cannot be done, in view 
of the disturbed character of the rocks, and, if practicable, might 
not represent a, definite stratigraphical horizon. It is necessary 
to include the upper beds of the limestone masses in the Middle 
Devonian on stratigmphica,l, as well as palruontological grounds, 
at the same time leavmg the question of the representation of 
the Rh. cuboides zone perfectly open. 

The only section which gives anything approaching to a clue 
to the thickness of the Middle Devonian limestones is the record 
of the TOl'quay Brewery ,VeIl, at No. 34, Fleet Street, given by 
Mr. H. B. Woodward,* anel in White's Directory. The site of 
this well is in the valley between the limestones of the Braddons 
and Waldon Hills. As the uppermost beds are probably un
represented, and part of the lower beds may be cut out at a faulted 
junction with the Eifelian slates, the total thickness of the 
Torqnay limestones canllot be inferred from the section. The 
inclinations of the limestone and underlying slate at 70° (if not 
cleav:age) and 45°, respectively, give the true thicknesses, ap
proximately, as follows :-

Feet 
Varieties of Petit Tor }Iarble (in bed~ from a to 6 feet thick) - :3" 
Dark liver coloured shillety limestone ,,-ith quartz veins) s
Blue, pink, and chocolate, phin limestone ,,-" 

Limestone 120 
Soft ten;;ciolls red clay prob>tbly denoting Ii fault: 

Blue Slate - - - - - - - 58 
Chocolate slate .JJj 
Blue slate - 68 

Indurated red lll'irl (prohn.bly Lower neyonian). 
Slate 172 

FrOl~l this it wot;ld appear that the section i!l ~he upper part 
conSIsts of rock of the same character as that of \\ allshill north 
of Redgate Beitch, upon slaty limestone similar to that'ill the 

T* G,eol .. Jlll11· for Oct. 18"., ~nd 'V:hite's : History of Torquay.'-S.ee also 
\: ell ,::::;ectlOn~. Pi'; 126, ~ 27. . I h~re IS a slIght difl'erence between ,Wood
"ard .s a~ld \Vlnte s ~ectlOlls m thIcknesses, The latter is more detailed in 
deSCrIptIOn of the hmestone. 
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cliff bounding Redgate Beach on the west, and to reddish slaty 
~~me~tones in the. ~ock ~':alk Clift:, ~)y the nad. 10 Torquay 
::StatlOn. Just as It IS legItImate to mfer that the lImestones in 
connection with the Eifelian, embraced in the previous section, 
are the lower or middle parts of the limestone series, so it is 
reasonable to regard all limestones in unfaulted or slightly 
fimlted contact with the -Upper Devonian Goniatite-beds as the 
uppermost parts. The limestones of Ilsham and Devil's Point* 
and the Petit Tor limestones belong to this class, on direct evidence, 
and with them, on less direct evidence, are included the lime
stone of Wallshill (between Long Quarry Point and the Carev 
Arms). of Lummaton, of part of Waldon Hill. " 

It is probable that the higher limestone horizons are also 
present in parts of the Windmill Hill, Daison, and Braddons 
Hills; but there is no means of proving this, as the same horizon 
may be massive in one place and distinctly bedded in another. 
Each mass of any magnitude consists of different horizons 
brought irregularly to the surface by faults and contortion. 

BmddonlJ LimelJtone.-The Braddons Hill limestone is locally 
made up of corals. This character is well shown in exposures 
by the winding ascent to Braddons Street, where Heliolites 
porOSl~S, FavositelJ (Pachypol'a) polynwtpha, and probably 
Strl:cttopom rlentictdc~ta were recognised. (The rock on the 
west side of Petit Tor Knoll exhibits a similar character.). The 
limestone is stained reddish in places, and splits occasionally in 
a somewhat irregular shaly manner. 

In the quarry on Stentifords Hill, bluish-grey and pale grey 
limestones, in beds of from five inches to a foot in thickness, 
exhibit zigzag contortion. In the southern part of the quarry 
pale grey compact limestones occur in a way suggesting a faulted 
anticline. At their faulted junction with the Lower Devonian 
shales and grits, in Market Street, the pale grey limestones are 
distinctlv bedded, but so broken that contortions cannot be 
traced ,~ith certainty. The fault, which is well shown by the 
steps on either side of the street, has a normal hade. N ear the 
Castle thick even-bedded limestones arc associated with thin and 
shaly beds. These dip ill a north-westerly direction, and may 
denote the proximity of the inverted anticline of Eifelian slates, 
which separates the Braddons and Waldon Hill limestones from 
the Tor Hill Road mass.t 

Waldon EIill.-The Waldon Hill limestones are exposed in 
cliff· sections bv Rock Road and \Varren Road, where they are, 
for the most part, pale grey, more or less compact in texture, 
IlIassive or thick bedded, and broken up by numerous irregular 
joints. Behind Abbey Crescent, the cliff seems to be a slicken
side, along a faulted junction with the New Red rocks. In the 
Rock \Valk cliffs the limestone is much plicated. Near Cum per's 

* The ARheldon Copse and Kent's Hole limeRtone may belong in part 
or altogpther to the UpJlE'1' h('(ls, or 1)(' lower in tIlE' NerieR. 

t The aclj::u,ent ~eetion lI';ar thE' Coffee Tavern at the north end of thl' 
Waluon Hill limestone ha~ bt'en referred to on p. 60. 
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Hotel, thick beds of slaty grey and reddish limestone .( recalling 
the contorted limestone in the cliff on the west of Redgate 
Beach) dip toward the road below, so steeply that t?ere is danw~r 
of masses of the rock becoming detached and falhng. 

The red colours of the limestones in White's account of t~e 
Brewery Well, describe a phenomenon met with, locally, both m 
the Middle Devonian and in the Eifelian limestones, and as the 
texture is in both cases similar it constitutes a difficulty in 
distinguishing horizons where th~ exposure~ are. immfficient . to 
afford conclusive evidence. As bearing on thIS pomt, the localIty 
depicted in Fig. 2, p. 12 is selected. . 

W(tllshill.-Toward the south end of Redgate Beach,. the clIff, 
facing east consists of reddish or reddish-brown slaty hmestone. 
The beddiI;o- is shown by a thick bed exhibiting a fine llniclinal 
plicfttion (Fig. 10). The cleavage is evidently the result of con-

FIG. lO-NEAR THE SOUTH END OF REDGATE BEACH. 

tortion, and near the top of the cliff there IS an appearance 
of thin vertical bedding. The curve may be intersected by a 
fault. The cleaved limestone is probably subordinate to the 
massive grey limestone which forms the clift near by on the north. 

Where the cliff rounds toward Long Quarry Point, the massive 
grey limestones are (as previously mentioned) breached by two 
faults between which red shaly limestones, taken as Eifelian, are 
wedged in. These fi1Ults coalesce on Wallshill Down at a few 
chains from the cliff edge. Following their direction to the 
coast northward, the massive compact grey limestones of Shelter 
Cove seem to be much contorted, although persistent lines of 
bedding are not displayed. In a quarry west of Shelter Cove, 
reddish. shaly crinoidal limestones are exposed under massive 
grey limestone, and are cut oft' by faults on either side. These 
shaly beds may be the top of the series of bedded limestones 
represented by the contorted bed in Redgate Beach cliffs. If 
Eifelian, massive limestones would, here, represent the whole of 
the Middle Devonian. This idea is, however, hardlv consistent 
with the fact that the Wallshill limestones give place to 
bedded limestones towards Bishopstowe and Babbacombe. The 
exact relations of the Wallshill limestones to the Babbacombe 
Cliff limestones which are lower in the series, and to the red 
slates at the Cary Arms, which may be Upper Devonian, are not 
clear, and are, no doubt, obscured by faults. 
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An.stey's Cove nnd Ilsham.-In Anstey's Cove Upper Devonian 
slates, with representatives of the shaly Goniatite limestones, on 
either side, form a syncline se:paratiug the ma8sive grey lime
stones of Ilsham and Devil's Pomt. The Ilsham limestones and 
the two patches on the south aml south-east are often clearly 
bedded. 

A81wldon Cop8e (ind Keltt'.~ Hole.-The slopes of the Ilsham 
and Asheldon Copse limestones are separated by a narrow tract 
of fiat ground, suggestive of slate, which is in line with the 
north and south faults in the Rfldgate Beach cliffs, so these 
limestones are either on the same horizon, or, the Asheldoll and 
Kent's Hole limestone is below that of Ilsham, and may even 
roughly correspond to parts of the Daddy Hole, Stantaways Hill, 
Torre College, etc., limestones. The quarry near Kent's Hole 
displays pale grey limestones in rather thick even beels dipping 
northward. A smaller quarry on the opposite side of the road 
presents an appearance of lenticular bedding, probably due to 
the intersection of an axis of uniclinal plication. ActtnostrolTw 
strllul,dnm, Nich., obtained in this quarry, was somewhat doubt
uIly identified by the lat,e Prof. Nicholson, owing to distortion. 
He described the form as "abundant in the Middle nevonian of 
the Eifel (Gerolstein and Gees)." It OCCllrs in the Dartington 
limestone. In the north of Asheldon Copse the lilllestones dip 
eastward at 26°. 

Petit 'l'ol·.-Petit Tor Combe,* like Anstey's Cove, is it ;)ynclille 
of Upper Devonian slates, the grey and massive lilllestones on 
either side (Petit Tor Knoll on north, Petit Tor Hill on south) 
being in contactwith traces of the shaly L'pper Devonian GO'll iatite 
limestone. Petit Tor is a knoll of coralline limestone (recalling 
the Braddons Street limestone), and of pale grey limestone 
broken into large irregular blocks by uneven joints, and 
ramified by the peculiar fibro-erystil,lline form (organic?) of 
carbonate of lime, to which Mons. E. Dupont applied the nallle 
"Stromata~cti8." The limestone forms a cliff' overlain by New Red, 
which it separates frolll the Upper Dcvonian slates. The cliff 
attenuates to a mere shell, or wall, terminating on the beach 
in a pinnacle of broken rock, interpenetrated throughout with 
~ ew Red mil terial. 

Petl:t To)' Hill.-Petit Tor Hill, the southern wing of the SYll
clinal, has an appeal'llnce of horizontal bedding, due, apparently, to 
crush planes consequent on sharp zigzag foldings. Here and 
there, ItHl.;)ses of slaty reddish limestone, quite distinct from the 
massive grey rock, ;eem to have been dovetailed in at these 
axial crllsh planes. On the beach the evidences of crllshing and 
distortion are so great that masses of the grey limestone have 
been jammed into the slates. St1'omatucti8 is not so frequent in 
this limestone. It is faulted against the New Red of the Oddi
combe Beach cliffs on the south. ~ ear Petit Tor Point, the grey 
limestone is exposed in Petit Tor QuarrY. Here also red shaly 
limestones occur, as if lenticular in the grey rock, either natu-

* ~ee Fig. 15, p. 109, 
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rally, or through the doyetailing of a contiguous rock by con
tortion. In this rock large specimens of OJ'thoceras have been 
obtained in considerable numbers. The researches of the marble 
vendors have made the quest for these organisms somewhat 
unprofitable. In polished specimens the structures are well 
shown in a matrix of deep red marble. 

It. will be seen that, from their relations, the limestones ot 
Anstey's Cove and Petit Tor are the counterparts of the Lower 
Dnnscombe limestone (in sheet 339) and, therefore, are homo
tax80US with the Rhynclwnella cnboides beds. 

Lnml1wton.-The Lummaton limestone is bounded by New 
Red rocks on the north and west. It is well exposed in the 
quarries on LUlllrnaton Hill and consists for the most part of a 
pale grey or dove-coloured, finely crystalline, massive, coralline 
limestone, in which 8m ith ia HCilJwh i is conspicuous. The 
rock appears to be partly dolomitic in the westcIY 'luarries. In 
the large easlern quarry rnbbly, broken, shelly lImestone occurs 
in one or two places, extending from the surfc1ce at the top of 
the quarry, irregularly downwa]'(l for it few feet, in the more 
massive rock. .!\I1'. \Vhidbol'lle'x- describes it as "apparently 
little else than a shell-heap, and which was probably a local and 
littoml deposit. This would explain the fact that the Trilobites 
are almost always found there in a fragmentary condition; for 
most likely the}' had decayed and fallen asunder before they 
reached the place of deposition." In another place t in notes on 
Hemitl'ypa oculata, Plull., he observes," Judging frolll the general 
facies of the Lummaton fauna. it did not inhabit deep water, 
and was exposed to the action of strong currents and tides." 
Thanks to Mr. \Vhidborne's labours the fauna of Lnnllnaton, 
principally obtained from the shelly part of the limestone, is 
more prolific than any heretofore described frolll any part of 
the South Deyon limestones. 

Toward Hele the massive Lummaton limestones give place to 
a distinctly bedded rock. On Windlllill Hill, south of Hele, the 
limestone, although rather flaky, may belong to the uppermost 
horizons, which it resembles in texture. The extreme restriction 
of the shelly limestone to Lnmmaton may possibly be more ap
parent than real,but no snch rich shelly mat8rial has been hitherto 
detected elsewhere in the Torquay limestones. From the follow
ing list taken from Mr. Whidborne's monograph, it will be seen 
that the numbers of 8h'iIlY()C('p//(du8 Btl rti,i i and of Rhynclionclla 
(Wi.lson i([) cnboidcs (which were for the most part obtained in the 
shelly material), deprive these forms of any real value in determin
ing horizons in the upper part ofthe~outhl)eyon lirnestonemassE's. 

LIST OF FOSSILS FROM LUlIDIATON. 

(Fo; convenience of refcrence the order and nomenclature of l\Il'. Whid· 
borne s Monograph are followed). 

The specimens .of doubtful derivation, but which, from the 
nature of the matrix, may have come from Lummaton have been 

* Pal. Soc., 1889. Whirlbornc'~ l\10TI':)graph, p. 2. 
t Pal. Soc., 1895. Monograph, p. 180. 

7052 
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omit~ed fro~n the following list. The numbers in brackets after 
certa!n f?ssils denote the. number of specimens collected. 

TrIlobIta 17, PhyllocarIda 1, Ostra?oda 9, .Entomides 2, Cepha
lopod~ ~6, Gaster~poda 48, Lamellibranchlata 30, Brachiopoda 
72, DIscma 1, Cmma 1, Bryozoa 14, Echinodermata, 10. 

Trilobita. 
Phacops batracheus, lrhidb. 
Cheirurus Pengellii, WMdb. 
C. Sternbergii? Boeck. 
Acidaspis Robertsii, IV hidb. 
A. pilata, JVhidb. 
Lichas Devonianus, TVhielb. 
Cyphaspis ocellata, IVhielb. (com· 

mon). 
Proetus batillus, Whidb. (com-

mon). 
P. subfrontalis, TVhidb. 
P. Champernowni, W hidb. 
P. audax, Whidb. 
Harpes macrocephalus, Gol:lf, 
Brontens delicatus, IV k:db. 
B. tigrinus, Whidb. 
B. pardalios, Wkid? 
H. alutaceus, Go1c(f. 
B. granulatus, Gold! 

Phylloc(l1-idlt. 
Tropidocaris 1 sp. 

Ostracoda. 
Cypridina? 3 sp. 
Cypridinella ctBca, Wkidb. 
Cypridella ? 
Polycope simplex, J. and K. 
P. Devonica, Jones. 
P. " val:. majJr. 
P. " var. obliqua. 
P. " val'. concinna. 
P. Hughesiae, W k~db. 

Entomides. 
Entomis peregrina, II' hielb. 

CYt·rosinida:. 
Cyprosina Whidbornei, Jones. 

C epltal"jJodlt. 
Goniatites fulguralis, Whidb. 
G. Hughesii, IV kidb. 
Trochoceras pulcherrimulll 

Whidh. ' 
Gyroceras tredecimale Phil. 
G. Leei, Whidb. ' 
Cyrtoceras lineatulll, Gold/? 
C. Robertsii, Wkidb. 
Phragmoceras 1 ungulatum 

IVhidb. ' 
GOl~phoceras POCUlUlll, W Itidb. 
Actmoceras devonicans, JVlzidb. 
Orthoceras eutrichum, IVhidb. 
O. Robertsii, Whidb. 

O. Vicarii, Whielb. 
O. " var. eductum. 
O. oryx, Whidb. 
O. cf. acuminatum, Eichwalel. 

GasterojJoda. 
~Iacrochilina subcostata Schlotli 
M. subimbricata, D'Orb'. . 
M. elevata, Whidb. 
Loxo,nellla Rcemeri, Kayser. 
L. pnSCUlll, jl1:iin~ter. 
Littorina Ussheri, JVlIidb. 
N atica? nexicosta, Phil. 
Platys tom a sigmoidale 1, Phil. 
P.? deforllle, Sow. 
Capulus ~ invictus, Whidb. 
C. pericolllpsUS, Wliidb. 
C. rostratus? l'renkner. 
C. COlllpressus, Goldj. 
C. lJuellaris, IVltidb. 
C. terlllinalis, Whidb. 
C. uncinatus, F. A. Rom. 
C. columbinus, Whidb. 
C. squamosus ? Trenkner. 
C. tylotus, Whidb. 
C. galeritus, TVhidb. 
C. contortus'l F. A. Rom. 
C. multiplicatus, Giebel. 
Orthonychia costata, Barrois. 
O. quadrangularis, Whidb. 
Holopella tenuisulcata, Sandb. 
H. duplisulcata, Whidb. 
H. Hennahiana, Sow. 
Philoxeue philosophus, Whidb. 
P. lawis, d' Arch and de Vern. 
P. serpens, Phil. rather common. 
Euomphalus Dionysii, de Mont! 
E. Hecale, Hall. 
E. circularis, Phil. 
E.? araneifer, Whidb. 
Phanerotinus militaris, Whidb. 
Rotellina ~ helicina, Jl.£iinst. 
Pleurotomaria subclathmta, Sdb. 
PI. impendens, Sow. 
PI. Orbigniana, d' A. and de V. 
PI. trochoides, Whidb. 
PI. subimbricata, Whidb. 
PI. Shaleri, Whidb. 
PI. delphinuloides, Schloth. 
PI. victrix, Whidh. 
PI. Bischoffii (Joldj. 
Bellerophon lineatus, Goldj. 
B. mundus, Whidb. 

C hitonidre. 

Helminthochiton papilio, Whidb. 
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Lamellib1'l.tnc1!iata. 
Allorisma dubium, Wl~idb. 
Cypricar:di~ia scala~is, Phil. 
0. striatlssllna, lVlndb. 
C. reticulata, Ph£l. 
C. ensiformis, TV hidb. 
Conocardium clathratum, (f01·b. 

common. 
Con. pugnans, lVh1;db. 
Con. Villmarense, d'A. and de V. 
Con. frater, Whidb. 
Protoschizodus 1 trigonellus, 

Wh,;db. 
N ucula Protei, Milnst. 
Myalina luna, lVltidb. 
Gosseletia 1 
Plethomytilus retrorsus, JVhidb. 
Rutotia elliptica, rvk;d.~. . . 
Actinopteria 7 Robertsll, If htdb. 
Act. hirundella, Whidb. 
Act. dilatata, Whidb. 
Act. placida, Whidb. 
Act. Justi, Frech. 
Act. Wut'mii, F. A. Rom. 
Act. rudis? Ph,;Z. 
Act. texturata, Phil. 
Act. crenatissima, Whidb. 
Pterinopecten gracilinus, Whidb. 
Pt. Cybele, Barrande. 
Pt. consolans, Ba/·rande. 
Aviculopecten aviformis, .Whidb. 
Lyriopecten fibratus, Wht~b. 
Crenipecten? comma Wh,.db. 

B.rachiopoda. 
1Iagellania ,Vhidbornei, Da1J. 
Mag. sp. 
~fag. juvenis, Sow. 
Cen tr'onella virgo,Pkil. (common). 
:JIeganteris inornata ?d:Oro. 
Stringocephalus Burtlm. (25). 
Enantiosphen Vicaryi, Da1J. 
Merista plebeia, Sow. 
Athyris Glassii, Dav. 
Ath. concentrica, Von Buch. (71). 
Ath. N ewtoniensis ? Dav. 
Bifida Huntii, D({v. 
B.? plana, Whidb. 
Retzia longirostris, Kayser. 
Spirifera Verneuilii, l101u)'chison. 
Sp. subcuspidata? Schnur. 
Sp. undifera, F. Rom. (73). 
Sp. concinna? Hall. 
Sp. nuda, Sow. (68). 
Sp. curvata, So IV. (175). 
Sp. infima, Whidb. 
Sp. simplex, Ph,:t. 
Spiriferina insculpta, Phil. 
Cyrtia? Whidbornei, Dav. 
Cyrtina heteroclita, Defrance. 
Cyrt. " val'. multi-

piicata, flav. 
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Glassia Whidbornei, Dav. 
Atrypa reticularis, Linn. 

. A. desquamata, Sow. 
A. as pera, Schloth. 
A. fiabellata, Gold! . 
Pentamerus brevirostrls, Phil. 

(142). 
P. biplicatus, Schnur. 
P. sublinguifer? il£aurer. . 
Conchidium britannicum, TFhtdb. 
Stricklandinia? . 
Rhynchonella acumina ta,1l1 art1./!. 
Rh. reniformis, Sow. 
Rh. pugnus, JIartin. 
Rh. triloba, Sow. 
Rh. triloboides, Whidb. 
Rh. parallelopipeda, Bronn.(138) 
Rh. implexa, So'w. (56). 
Rh. anglllaris, Phil. 
Rh.? anisodonta, Phil. 
Rh.? Ogwelliensis, Dav. 
Rh. (Wilsonia) cuboides, Sow. 

(106). . 
nh. (Wilsonia) omega, TVh1.db. 
C~l11arophoria ascend ens, Stein. 
C. protracta, Sow. 
C. Lummatonensis, Dav. (91). 
C. ? rhomboidea, Phil. 
C. Phillipsii, Dav. 
C. cf. megistana, Le lIon. 
Skenidium areola, O,tenst. 
Orthis striatula, Schloth. 
O.? sp. 
O. Eifeliensis, de Vern. 
O. pulcherrima, Whidb. 
Orthotetes umbraculum, Schloth. 
O. distortus, Barrande. 
Strophomena rhomboidalis, Wilc-

kens. val'. analoga, Phil. 
Stropheodonta nodulosa, Phil. 
S. irregularis, P. Rom. (1). 
S. interstrialis, Phil. (70). 
S.? nobilis, M'Coy. (13). 
Productella subaculeata, Jfuj'-

cAison (33). 
P. fragrina, Whidb. 
P. sp. 
Chonetes? Hardrensis? Phil. 
C. Phillipsii 1 Dav. 
C. convolutus? Phil. 
Discina peltastes, Whidb. (1). 
Crania proavia, &'old! (1). 

Bryozoa. 
Fenestella fanata, IVhtdb. 
F. delta, Whidb. (1). 
F. arthritica, Phil. 
F. sp. 
F. subrectangularis, Sandb. 
Polypora poplllata, Whidb. 
P. pagana, Whidb. 
Hemitrypa oculata, Ph?;Z. 

F2 
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B J'I/lJw[~-cun t. 
I~otrypa l' Greg(lrii, TV lLidf". 
Diplopora pristina, TVhidf". (1). 
Ptilopora? 
Penniretipora. 
Ramipora. 
Batostomella oomorpha, Whiclb. 

Echinodermata. 
Hexacrinus interscapular-is, Phil. 

(20). 

H. perarmatus. JVhi(Z.~. 
H. oruatus, Goldj. 
H. quintangulus, Whidb. 
H. 1 aberrans, IVhidb. 
Thylacocrinus 1 
Rhipidocrinus crenatus? Goldj. 
Haplocrinusdecipiens, Whidb. (1). 
Cupressocrinus Schlotheimi, 

Stein. 
Sph~rocrinus geometricus, Goldf. 

The limestone of Lummaton is, like that of Barton (near it on 
the north), it coralline growth, afld was doubtless a part of a reef 
which included the massive limestones of Petit Tor, Ilsham, 
\V allshill, etc. In the Upper Devonian slates of Anstey's Cove, 
near their jUllc,tion with the massive limestone of Devil's Point, 
there arc snggestions of the occurrence of similar tuffs to those 
of St. :Jlarychurch. Again at the northernmost point of Black
head similar tuffs seem to be associated with shales and Goniatite 
limestone resting upon 20 to 30 feet of compact pale yellowish 
and grey finely crystalline limestone containing Al'l'eulites, 
CyathophyZZlLln ccespitosum, and Stmllwtacti.s. This mass rests, 
01' is oyerthrust, on schalstein" containing numerous pi.eces of 
similar limestone in the uppermost part, and impersistent bands 
and nodules of limestone below. In this section we have, I 
think, the evidence of the dovetailing of the uppermost part of 
the limestone reefs 'with volranic materials, whicn, in incursions 
from local centres of vnlcanicity, interrupted the coral growth at 
different stages, and ill parts of the area prevented the formation 
of limestone altogether. The tuffs in the EifeliiUl of Hope's Nose, 
ete., in the :JIiddle Deyonian of St. lIIarychurch, and those in the 
earlier stages of the deposition of the Upper Devonian of the 
Black Head are comparatiycly feeble evidenees of con
temporaneous vulcanicity in comparison with the districts yet to 
be described. 

BRIXHA;\I A~D YALBERTO~ DISTRICT. 

The Brixham limestones form by far the largest and most 
cdntinnous mass in the area. The Upper Devonian slates of Ivy 
Coye (wic,h the Bttdesheim fauna) are in inyerted junetion with 
the upper beds, whilst the lower are seen to rest un the Ei±eliall 
slates of :JIuc1stone Bay. Conseqnently all the horiz~ms of the 
Torquay limestones are represented. l\Iassive or thICk bedded 
limestones corresponding to those of 'vYallshill, etc., are en
countered in the northern part, and bedded limestones 
corresponding to those of Daddy Hole, Babbacombe, etc., in the 
southern part of the mass. The anticlinal structure of Mudstone 
Bay was figured by Chmnpernowne, and the superposition of 
the plieated limestone on the yolcanic rocks of Sharkham Point 
was beautifnlly illustrate,l. This somhern wing of the anticline 
is, [IS we ha,"e ""een. in faulte{l .junetion with the Lower Devonian. 

The Sharkham Point Iron Mine is in a mafS of red and purple 
brown rock, brecciated with slate fragments in places, exhibiting 
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a wavy linear structure probably denoting bedding, and con
taining masses of hrematite. This mass appears to be an 
anticline of the peroxidated volcanic rocks of the Sharkham 
Point shore, which invertedly underlie the limestone and are 
associated with slates. The same material appears to separate 
the limestone of Sharkham Point from that of Higher Brixham, 
but the relations of the Higher Brixham, to the Laywell lime
stone (,,,hich contains corals resembling ClatllrodiclY1lJn and 
SpoilgophylluJn) are not clear. From Laywell House ,,'estwar~ 
volcanic rocks, apparently red and grey sheared la,ras and tuffs 
and slaty diabase, occupy the posit.ion which we might expect 
the Sharkham Point limestones, if they had been persistent, to 
occupy. These volcanic rocks belong >to the earlier eruptions 
of the Ashprington volcanic sE:ries, with ,,'hich their contin~l~t.f is 
only broken by denudation acting on the faulted arei: ?f Elf~han 
slates west of Lupton House. The anomalous posltlOn of the 
rocks on either side of the Mudstone Bay allticline is therefore due 
to the irregular inclU'sion of volcanic materials on the margin 
of an are,t where limestone accumulation was in its earliest 
stages; so that the coral growth took place partly on the 
muddy bottom, partly overlap perl the fringes of the earlier 
volcanic emissions, or formed banks against them. Between 
"T,lddeton, Y alberton, anll Gooclrillgton similar effects were 
produced by latcr eruptions em<l11ating from local foci. Here, 
however, the relations of the rocks are render cd cxtremely 
complex b.v faults, and by the soillble character of tho limestone 
surface. The largest tract of volcanic materials in this part of 
t he area "'ill be referred to as the Crahs Park volcanic district. 
As the consideration of the vokanic rocks involves a reference to 
the relations of the Upper Devonian they will be mentioneellast 
in the following notes. 

Eifeli((n SluffS. 

These slates extend westward fr011l Mudstone Bav to the 
border of the map, their continuity being only broken" south of 
East CornwOl'tln', ",here yolcanic rocks are in faulted contact 
with the Lower vDevonian. They also extend from Galmpton 
Creek to Port Bridge, and are brought up by fault near Stoke 
Gabriel, perhaps abo forming a narrow strip on the north of that 
yillage. On mther side of Madstone Bay, more especially on the 
sonth, there are eyidences of contortion where the slates pass up 
into the limestone. The tnlllsition is marked bv rerl slaty and 
shalr limestone interca,lated in beels and lenticles in red amI 
lilac' slates, which are, apparently, mixed with tine volcanic dust, 
on the south ~side of the bay, where Phltcopl:: ? rnacropthulmus 
(according to Whidborne) and a large coml resembling Cyatho
j)/tyllum bilat~rale were obtained. In the corresponding beds 
on the north SIde of the bay Champernowne * recorded the dis
coyery of t \VO corals, viz., Zaplu'eJdis cCilceolo ides? and 
CumpopllylluOl? Grey buff-weathered slates succeed these 

* Qllal·t • .JOIl1'I/. Geol. Soc., vol. xl., Aug. 1884, pp. 497-499, pl. xxi. 
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intercalated beds and, in the centre of the anticline seem to rest 
011 dark grey slates with irregular lenticular bro\~n-weathered 
bands of slaty limestone containing Cephalopods. These latter 
lue the beds from which Cyrtoae'IYts bdeUcdites, Phil 1. , and 
GY1'oce')'as OJ'7wtWJJl,* Goldf. were obtained. The slates of Mud
stone Bay have also yielded Athyris concent1'ica, Streptor'hyn
elms ~(mbl'aCHl(l1n?, Cyatlwcrinus pinncdus, Goldf., Gm'gonia 
rcpiste1'i((, Gold£. (POlyp01YI. popLdatct? Whidborne), Spi1'1jl1's 
and Zaph1'entids. Champemowne t figured Zaph1'entis .Mud· 
s[oncnsis, which he obtained in the grey slates. The C1/1'to
CCTct8 fauna seems to occur in the lower parts of this ·slate 
series which have yielded no fossils at Meadfoot Sands and 
Hope's Nose. Taken in connection with the doubts as to the 
representation of the Lower Devonian by slates in its uppermost 
beds, expressed in the footn,)te on page 42, the occurrence d 
a Cephalopod fauna in the lower part of the slates under the 
limestone developments is suggestive of a representative of the 
OJ'thoCenl.8 Schie(er in South Devon. This is, of course, merely 
a tentative suggestion, and even if it should ever be proved 
correct,. it would not be possible to draw any line with an 
appr01wh to stratigmphical accuracy in the slates which repre
sent the Eifelian slate group. At Laywell House, not far from 
the limestone patch, a well was sunk to a depth of sixty feet in 
the slates. At Lupton Farm there are grey .1nd lilac slates; the 
grey slates contain fossils. Other places where indications of 
fossils were observed, usually in a. very bad state of preservation, 
are as follows :-Higher Alston, crinoids; west of Righer Alston, 
south of ,\Vidernoor Barn; south-west and west-south-west of 
Higher Alston, at about thirty-two chains distance, traces of 
8pi)'I/eJ'S, crinoids, anll Plcnrodictyu1n? were nQticed; south of 
Higher GreenWi1.Y, very badly preserved fossils; Dittisham 
'Vaterwol'ks, nenr Lower Devonian, south of Higher Dittisham ; 
south of Foxhole Copse and in a slate (Berry Park type) quarry 
in Bullcoml)e \Vood, and between Kingston and Downton Wood, 
where SlyiJ'lfel'c~ and StJ'cptOl'1<ynchu8 were recognised in partly 
cl,lcareous slates. The Ashprington series here interrupts the 
ontcrop. vVest of Combe crinoids are met ':;ith; the slates 
a3sume thc HelTY Park type in places. By \Voodland Lane they 
h:tVe been qllitlTied out in large flaggy blocks and arc occasion
ally fossiliferolls. ~ ear Gitcombe, north-west of Higher Tideford, 
th~ slates contain fossils; also, near Grant's Hill Plantation, 
Lower \Vashbourne, amt Rio-her vVashbollrne. The slates 
hetween \Vaddeton and Port Bridge occasionnll'y present the 
BC'lTV Park type, but more often resemble those of Mudstone 

·Bay "awi Ell~combe. Brachiopods including St1'fptorhynchtl8 
oc(;ur in them on the west of vVaddeton, and on the east of Port 
Hrido'e Ph((COl)8 and an Orthis, near to O·lfi;/elciise (according to 
:'I[ }{' Gossclct imd lhl'l'ois) were noticed and P/UWOp8 cf. lat'if1'Ons 
(accordiyJO" to Herr Frceh). < 

:c> 

* ,,'hidool'llc, Pal. Soc., l890, p. 9:,. 
t Champerno\yne, op. cit. p. 502, pI. xxiii, 
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Limestones. 

The Brixham limestone, notwithstanding frequent appear
ances of nearly horizontal bedding, is much contorted and, a:,; 
shaly and slaty ~tr~lCtl~res ha,:"e b.ee~ frequeJ?-tly de.veloped, .in 
the absence of dIStmctlVe fossIls, It IS often llllpossible to dlS
tillO"uish Eifelian limestones from higher beds. Between Durl 
He~d and Mudstone Bay a strong cleavage dipping south-east 
traverses limestones dipping north-west. In the cliffs between 
Berry Head and the Mew Stone slaty limestones are contorted 
in the clitf. At, and near, Galmpton shaly Eifelian limestones 
are probably repeated by folds. At Churston Station red shaly 
limestones contain ayathophyll't~Tn cCI3spitos1hm, Favosites Gold
fns8i, Heliolites porosus. At Galmpton' Quay, on the south of 
the shiphuilding yard, the section corresponds more or less to 
those of Daddy Hole and Hope's Nose. Grey and dark grey very 
irregular limestones, with Hcliolites porosus, show occasional 
brown earthy decomposition products and rest on irregular red 
slates with crinoids and lenticles and thin beds of limestone
the whole forming a passage from limestone to slate. By the 
Dart near Waddeton Boat House (~uay the junction beds c<.msist 
of red slates, intersected by quartz veins in places and much 
disturbed, with red concretionary nodules and irregular lenticular 
peroxidated limestones containing badly preserved corals among:,;t 
which Fnvosites Goldfu8Si is recognisable. Both here and at 
W' addeton the rocks locally assume the character of mudstone:,; 
traversed by a fine secondary cleavage and splitting in prismatic 
fr;tgments. Brachiopods, Crinoid ossicles, and traces of Fencs· 
tcll(L occur in the slates. 

The Brixham mass is evidently cut up by faults, and, except on 
the coast line, exposures are not sufficiently numerous to enable 
one to detect them or to trace horizons. 

At the paint works near Brixham Station compact, bluish, 
massive-bedded, shaly-splitting limestones have been dissolved 
into irregular potholes and fissures containing New Red sand 
and brecciated loam. Blocks of New Red sandstone are met 
with here and there on the limestone plain. vVest of Brixham 
Station similar limestone to the above is exposed; it is pale 
huff and brown, and exhibits a dolomitic aspect in places. In 
vVaddeton, just south of the large New Red outlier, no limestone 
is actually visible in situ. ThIS outlier is inferred from a red 
clay soil 'with blocks and pieces of sandstone; it seems Lo bo « 

mere soil on red and lilac slates, which are evidenced round t,he 
is~)lated masses of limestone, and up to the sinuous boundary 
of the limestone east of W:;tddeton and north of Galmpton 
Warborough. Near Galmpton vVarborough, and bv the hio'h 
road to Paignton (west of Broad Sauds), the limestone hat a 
dolomitic aspect; this character is still more pronounced in the 
isolated mass on which the two small outliers of New Hed 
~all(~stone are shown, here the ~ock, as exposed in an old quarry, 
IS of a drab colour and saccharOld appearance. Masses of iron ore 
probably in potholes, have been worked in this patch. The red 
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slates in the irregular tongue which ramifies the limestone mass 
toward Galmpton are associated with felspathic tuff'S. East ot 
\Vaddeton Lane, and south of Crabs Park,red-lila.c and purple 
slates are so imperfectly exposed that one cannot say wheth~r
they are associated with yolcanic rocks or not, or tell their 
relations to the pale grey and pinkish compact limestone patches 
on the edst side ot'\Vaddeton Lane. These lImestones resemble the 
upper beds in the Broadsands railway cutting. As these slates are, 
either a replacement of the upper part of the limestone mass, or 
Upper Devonian, their proximity to, if not actual contact with, 
Eifelian slates at \Vaddeton can only be explained by the 
assumption that the limestone is almost cut ont by faults 
at that hamlet. North west of \Vaddeton the Eifelian slates 
are bounded by limestone, the boundarv of which is in
definite and its -;;onnection with the large Yalberton mass near 
it could not be proved; it is probably Eifelian. The limestone 
of the small outlier contains Fuvositcs Goldfu8Si. The 
fossiliferous Eifelian slates of Port Bridge pass under the lime
stone on the north ancl east. At Castle park Copse, near Lower 
\Vell Farm, the limestone is bounded by a nearly east and west 
fault, on the south of which a mass of limestone, partly thin 
bedded and slaty, partly rlolomitized, occurs, prohahly in a 
snlCline in the Eifelian slates. 
"The Yalberton limestone mass often exhi bits a dolomitic 

a ppearance north of Higher Yalberton, and between Lower 
Y"Jberton anrl Aish. Between Aish and Stoke Gabriel, near its 
f:111lted junction with the yolcanie series and a coralline lime
stone near Hoil,* compact grey limestone (partly dolomitic) is 
exposC(l. To the east of this, near an old shaft, dolomitie lime
st,one IMs been dissolved into pipes and potholes filled with 
brown earth (umber i). Further east, at Bitney Brake, there is a 
small outlier of New Red, and near it a reel loamy soil is 
sllggestiYe of the retention of overlying materials on an eroded 
limestone surface. The Yalberton limestone is douhtless a part 
of the same plain of Permian (7) denudation as the Brixham 
limestone, which would account for the sandstone fragments 
boulders, and other relics of the New Red found on the surface. 

North of Lower Yalberton Cy(dlwphylla and Stmmatopora 
were noticed in the limestone. N ear Brake Oopse a bluish grey 
coralline limestone furnished Pamlellopol'a d(L?'tingtonensis? 
(\ut8r, ic1entifieel b\, Nicholson. 

The boundary d the limestone with the Crabs Park volcanic 
series, from HIgher Yalberton southward, is YCl'y sinuous and 
marked by feature uI? to a point east of Brake Copse, but further 
south it is extremely mdefinite, so much so that it is very possible 
that the limestone may unite the two small patches, shown on 
the map, with the irregnll1r mass on the south. South and 
s')uth west of Brake Copse red slates, tuff", and schalsteins occur, 
either in dissolyed dcurcssions in the limestone or under them' 
in the latter case, it ts plJssible that they may disconnect th~ 

* Sec Ch2pter iy., p. 8:3. 
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limestone near Lower \Vell Farm from the main mass, due east, 
of Well Farm. 

The Cmbs Par!': Volcanic Series.-North of \Yaddeton the 
volcanic materials are chiefly tuffs and schalsteins. Betwcen 
Lower Yalbcrton and Crabs Park, and west of Eight :1cre. Pens 
Linhay the lavas are represented by l?cal masses of veSICular 
rock. Near the last named place there IS a cluster of patches of 
diabase; one of these may be a neck; it i~ surrounded by coarse 
tuffs associatecl with altered fossiliferous mudstone. There are 
s:wO'estions of limestone bands near the Linhay. Between this 
and'=' Crabs Park Cottages (ncar the tenth milesto"ne from Newton, 
hy thc roacl) on the north, thick, hlue-grey, indurated slates either 
occur in the volcanic series, or are folded up from beneath it. 
In these, Ol'thi8 and Pentamel'l~8 were recognised by Dr. Kayser. 
The tuffs in the yicinity are often very coarse. North ot: and 
ncar Crabs Park Cottages there is a mass of diabase, and a small 
patch of limestone which is probaLly bounded by a north-wcst 
aad south-cast fault. Near Higher Yalberton Cottages the tuffs 
are partly fclspathic, partly fine (with 110 visible felspar). The 
Cra bs Park limestone seems to be partly dolomitic; its junction 
with the volcanic rocks is ill-definea, and thc irregularity on the 
north is apparently clue to faults. At CraLs Park the eastern 
boundary is fiUlltcd against reel shttes (F pper Devonian ?). This 
f,mlt cuts off the southern end of the limestone, and further 
south appears to f0rm the eastern Loundary of the volcanic 
rc·cks. At half a mile north of \Vmhletoll, indumted lilac mud
stones cont,lilling Atl'YZJ(( reticHlII til< were observed on the 
b()r~ler of the volcani? rocks. A nalTOW Land (probably thrust 
or faulted) of schalstem separates the Crabs Park limestone from 
the Clennon Hill limestone on the north. The latter is it pale 
grey compact rock, which is seen in the eastcrnmost quarry to 
be irregularly associated with buff', red-mottled 11111l1ston6. " 

(]oodl'inufon Volcanic Rocks ... · In ChampernowIlc's words,* 
" The next patch of volcanic rocks brings us to the eoast of Tor
bay. It lies ~ast of Goodril:gton, form.ing the' sugar-loaf' hill, 
of less elevatIOn than the lImestone plateau to the south. A 
hard, aphanitic rock prot~udes for a. short distancc along the top, 
but does not reach the raIlway cuttmg close to the clitf, whcre it 
is flanked by tuft's. This patch throws off' SOllle beds of iron
shot,limestone .to thc ~orth, di~ping: north and exposed in the 
cuttmg. The face of Saltern Cove IS a north and south liIle of 
fault, which has shifted thc iron-shot limestone on the foreshore 
south of its exposure in the railway cutting .... It abounds in 
corals - Fuvosites ce?'l'icornis, Edw. and H., Alveulites sp. 
Cyathoph'yll~(m c(f;spitosum, Goldf., and simple forms, Stroma
topom crlllOlds, and, more rarely, Acel'Vnlal'irL (sr.). Th? layers 
are p,utcd by a red clay. At the f08t of the clitf in tho main 

* On the Ashpringtoll Volcanic Series, QUaI·t. .luum. Geul. Soc, 
for Aug. 1889, p. 3,4. 
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cove the tuff exposed is identical with a piece of schalstein fnom 
\V eilburg, Nassau, in my collection." The limestone 9~bove 
mentioned is the Feather-stone of the Torquay lapidaries. For 
distinction it will be referred to as the Upper limestone. It is 
overlain by the Upper Devonian Goniatite slates of Saltern 
Cove. The persistence of this limestone could not be proved 
through Gooclrington, but it is visible on the west, whm'e'.it is 
separated from the main mass by grey vesicular schalsteins, with
which it is cut off by fault against a triangular tract of slates, 
bounded on two sides by the main limestone. Further 
west the north boundary of the main limestone is a fault. In a 
q lmrry by the high road at Goodrington the limestone is altered, 
overlain by tufts, and in irregular junction with aphanite, 
apparently intrusive. 

In its faulted continuation on the coast, the Upper limestone 
strikes from the cliff seaward, and curving southward is again 
visible in an isolated patch resting on the volcanic rocks (which 
are intersected by veins of calc-spar), and in bold, thick-bedded 
masses in the seaward reefs at the southern horn of the bay. 
Just south of the point. the cliff is com.posed of bedded tuft's, 
'with veins of calc-spar, and patches and nodules of limestone on 
the bed faces, and intercalations of slate, Further south, in a 
small cove, the tufts rest on red mudstones and slates inter
stratified with tuffs, beneath which is a boss of limestone, 
perhaps the top of the underlying mass, Further on, the vol
canic rocks, probably repeated by fault or folding, form the cliff, 
and are seen to rest on red mudstones with limestone lenticles, 
mostly coralline, A mass of calc-spar marks the fault junction 
of these beds with the main limestone, This calc-spar represents 
the Upper limestone between two faults, viz" the fault boundary 
of the main limestone and a fault coincident with the trend of 
the coast, bounding New Red in the beach reefs and promontory, 
<ind cutting off the Goodrington Park limestone on the east, 

The Goodrington Park limestone is faulted against slates on 
the south, It consists of blue-grey, irregularly-cleaved beds, 
separated by films of red mudstone, and is, I think, the repre
sentative of the Upper limestone. It rests, nearly horizontally, 
OIl red mudstones associated with tine tuft's, and these, in the:r 
tum rest on the main limestone, which forms the steep slopes of 
the y!tHey spanned by the railway viaduct. From the viaduct 
northWilrd the railway cuttings give the following section :---For 
four chains, compact'grey and pinkish bedded limestone. Fault 
crack tilled with New Red debris, and throwing down red mud
stones, vesicular and indurated in places, associated with tuff", 
and red slates \vith irregular masses of limestone and calc-spar 
in places: these beds occupy the cutting for five or six chains, 
:tnd rest on compfwt grey and pinkish limestone containing 
;jt j'Oln((topo)'([, and exhibiting a tendency to flake off in shaly 
pieces. At four chains from thei~ outcrop t~ere is an appe_ar
!mec of disturbitnce, and at a cham further, 1uellularly bedded 
pink and grey limestones with dog-tooth ~paT .overlie, or ?,re 
t',wltcd against, pale grey, more or less massrve hmestones nch 
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in Str01wttopora. N ear their faulted junction wi:h the ~tood
rinoton volcanic rocks, at eight chains further north, a lentIcular 
slaty.patch is noticeable in the limestone. (Compare Clennon 
Hill ~uarry.) . h 

In this section the limestones correspond to beds ~n t e upper 
part ot the Brixham mass, and to the Ilsham etc. hmestones of 
Torquay; and the red mudstones fa~llted down a~e probably a 
repetition of those beneath the Goodnngt.on Park hmes~one, a:nd 
therefore representatives. of the G?o~nngton volcamc ~ene.s. 
Near its western extreIluty, where It IS separated by vOlcan.lC 
rocks from the south end of the Crabs Park lImestone, the mam 
mass is dolomitic, as also in a large quarry near the high road at 
about half a mile south of Goodrington. Near Hoolnvells the 
limestone resembles that of Goodrington Park,. and is bounclcd 
on the west by a faulted patch of volcanic roc.ks ~ith diabr.~e. 

AIOl1'" its very sinuous boundaries the mam hmestone IS, no 
doubt, faulted in many places against the red and lilac ~lates on 
its flanks. These slates are seldom well exposed. South of 
Hookwells, they are associated with fine volcanic breccia and 
tuffs rich in felspar fragments. On the east of Galmpton 
'Yarborough turnpike; south of Elbury; in the faulted tongue 
on the Brixham limestone south and east of Silver Cove, and at 
Fishcombe Cove, the slates also. contain red tuft's or schalsteins. 

The Elbury limestone forms Galmpton Poiut (not named on 
the 6-inch maps) This limestone is composed of thin and fairly 
thick beds, separated by red mudstone, and repeated by 
innumerable small inverted plications. Alveolitcs S'nb01'bicula,ris, 
and other corals occur here. There is every reason to regard 
this limestone as equivalent to that of Saltern Cove and Good
rington Park, but the age of the slates on the south side of it. 
has not been proved by fossil evidence, although we have near 
it on the coast the Upper Devonain red slates with Goniatites. 

Comparing the Good1'ington wit.h the Black Head section. 
the succession is identical, although the Upper limestone differs 
in character, being a massive bed. Goniatite slfl,tes on limestone 
on schalstein is the sequence in both cases-but at Ilsham the 
Gonia tite beds are in direct contact with the limestone mass, iust 
as they appear to be near Silver Cove in inverted contact ,~ith 
the Brixham limestone. ]\-101'eove1', there are signs of vulcanicity 
in the Upper Devonian above the Goniatitc beds between Ilsham 
and Black Head, if indeed the Black Head diabase is not itself a 
lava plug. It appears, therefore, that the Upper limestone is an 
lmpersistent coral bank on volcanic rocks at Black Head' the 
coral growth being interrupted by repeated incursions or' fine 
llud in the Salter~ Cove, Goodrington, and Elbury limestones 

-;-and that sporadIC. ~howers of ash may have accompanied, or 
succee~ed, the deposltlOn of the Upper Devonian Gon iaJitc mud
s,tones .m both places. The local eruptions which preceded the 
formatlOn of the coral bank rendered the bottom on their 
lIlargil~s unfit for coral growth by the extension over it of 
volcamc mud, or of muddy sedimentation; and, whilst all these 
eyenTS were taking place, in contiguous, but favOln'able, sites, the 
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reef growth went on uninterruptedly. This hypothesis will, I 
think, explain the various phenomena displayed in the district 
south of Goodrington and west of Brixham. ,Vhen the Upper 
limestone is absent, without fossils, it is obviously impossible to 
distinguish slates with occasional schalsteins or tuff8, which 
r('prescnt a stage of limestone in the upper part of the main 
n'ds (snch as those underlying the Goodrington Park limestone), 
from LTpper Devonian slates with tuft's (such as the faulted band 
s )lith of hy Cove is considered to be). There are schalsteins, 
probably Upper Devonian, at Fishcombe Cove, where the follow
ing- fossils, identiticrl by Professor Frech, were found in the 
1l1;per part of the underlying limestone. 

Alyeolites suborbicularis, Bl. Cyn,thophyllmll heterophylJoicle~, 
Petraia clecussata, JIiinst. FreeL 

The Crabs Park volcanic series represents a much more 
('xtended period of local vulcanicity than that of Goodrington. 
The earliest eruptions may have begun shortly after the earliest 
s~age in the formation of the Eifelian limestone, and the later 
ones may (as far as one can judge) have been coeval with those of 
Goodrington. The presence of fossiliferous mudstones, and of 
small limestone patches in the volcanic rocks, may be accounted 
for by intervals (luring which ordinary sedimentation was 
resllmed. The transition from volcanic rocks, on the west, to red 
:tad lilac slates, on the east, may be due tq the tailing off of the 
(' K,rse1' "Volcanic ejectamenta in mud, etc., as in the case of the 
(~)()(1rington ernptiolls, bnt at earlier stages, aIHl for a more 
protract orl periorl, or periods. 

T t is not probable that the upper horizons of the Brixhamlime
sLemp an) represented in the mass between Yalberton and Stoke 
C;abriel. It correspon(ls, I believe, to the limestones of Vane Hill 
and Daddy Hole, Torquay, and is continued in part by the lime
,,~ones of Aish, Lomentor etc. (which mark its (txtension on the 
b(ll"ders of the Ashprington volcanic series) to the Berry Pomeroy, 
awl throllgh them to the l\larldon limestones. 

The contemporaneity of the eruptive rocks of the Goodring
Lon amI Crabs Park volcanic districts with volcanic rocks 
of the Ashprington series is, generally speaking, certain; but, 
although an p-ctual mingling of eruptive materials from the 
(lificreut areas is extremely probable, it is not actually provable 
The limestones connected with the Ashprington eruptive area 
will be described in the next chapter. 
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CHAPTER IV 

MIDDLE DEVO~IAN-continued. 

ASHPRIXGTO~ VOLC~\NIC AREA. 

As a component of the Middle Deyonian, the Ashprington* 
volcanic series is far more persistent than the limestones it rc
places; as tufts and schalsteins, coeval with part of it, practically 
connect the limestones of Brixham with thosc of Ashburton and 
Plymouth in a stratigraphical horizon. 

The na1ne given to this volcanic rrroup is amply justitied by 
the fact that nowhere in Devon amf Cornwall is there an equal 
extem;ion of volcanic rocks to that surrounding the village of 
Ashprington. This extension seems to be due, pri111arily, to 
a more protracted and continuous volcanic activity, the later 
stacres of which were doubtless prolonged into the tT pper 
De~onian, (coeval with the schalsteins and felspathic tuffs south 
of Goodrington), but the flattening of the Paignton antic1ine 
westward contributes to it, Ly the l'c>petition of the same 
horizons in shallo,,' curves. This area of maximum vulcanieitv 
extends from Totnes to Stoke Gabriel, Dittisham, Cornworthv, 
and Harbertonford. . 

The volcanic rocks embraee tufts, sehalsteins, hard slaty 
diabases, and patches of diabase, whieh may be subseque1lt 
intrusions, or pipes by whieh the later eruptions reached the 
surface. 

The tuffs and schalsteins are so sheared and decomposed that it 
is frequently impossible to distinguish a sehalstein lava from a 
schalstein tuft: They exhibit a variety of eolours such as buf~ 
purple, green, ete., but the prevalent colour is a deep red in 
whieh small white (zeolitic) patches are often conspieuous. 
The peroxidated materials are well exposed in the folIo winO' 
places :-Near Cholwe11 Cross; ncar Langridge Cross; near Bo,\:=:' 
den Pillars; between Bowden House, Shnrphal1l B1Lrton anel Ash ~ 
prington Cross: between Cr()ss Lanes and Ashprington; south of 
~harpham House illld near AshpriIlgton point, where they contain 
amygdnles with ferruginous coating. On the opposite side of 
the Dart-sonth of Weston House, east of the Rifle Butts near 
Fleet Mill, west of Longcom be, north-east of Millcombe 'Barll, 
north and wcst of Hackncy Creek, near Dnncannon, south and 
south-east ot Stoke (~ahriel. Buff tints prevail, Ileal' Redworth, 
Bcar True Street, south of Totnes, north of Bowden House, near 

* The term A~hprington Volcanic Nerie~ (If)e~ not occur on the map 
and ~H i~ really denotes a special area of maximum vulcanicity, the general 
applIcatIOn of tile term to vokan~c roeb of lYhddle Dllvonian ao-e outside 
this area can only be used with prupriety in a restricted sense, '" 



7S GEOLOGY OF TORQUAY. 

Luscolllbe Cross, north of Ashprington Cruss, near \Vorld's End, 
east of l\fillcombe Barn, etc. In many pIttces red and buff beds 
are intercalated. 

Hard diabases, whether contemporaneons or intrusive, are 
distinguishcd by the darker tint on the map. These are marked 
by bold crag features on the slopes of the hills, but are generally 
indistinguishable by feature on the summit, where many of the 
patches shown have been inferred from surface fragments only. 
Near Torcombe sheared slaty diabase and massive diabase make 
fine craggy features. Thc rocks have an apparent southerly dip. 
Hard slaty porphyritic di,tbases make a bold ridge near the 
Lodge south· of Sharp ham stile. Slaty diabase occurs at 
Dundridge, west of Langridge Cross. A hard vesicular diabase 
is quarried at Peak Cross, north of Ashprington Cross, and west 
of Sharp ham Barton a mass of diabase runs north-east and 
south-west; it is bounded by grey-brown vesicular rock, shaly 
where weathered. Highly vesicular rock is associated with 
peroxidated tufts at Sharp ham Barton. 

A small patch of aphanite and bluish vesicular slaty rocks 
occur in Higher Gribble Plantation. Rocks from a quarry, by 
the D,ut, near the Rifle Range butts, and from Byter Mill east of 
Stoke Gabriel, were pronounced by Dr. Hatch to be sheared 
amygdaloidal diabases with flattened chloritic amygdules. 
Slaty vesicular diabases arc met with at fifty chains north of 
Fleet Mill, south of Fleet Mill, and east of Hackney Barn. South 
of Port Bridge there are three bands of hard slaty diabase, 
apparently intercalated in the tufts and schalsteins, the northern
most can be traced to Stoke Gabriel. 

At Ham Barn, cast of Sharpham Point, bluish amygdaloidal 
rocks strike nearly east and west. East of Sharpham House 
lnle greenish-grey schalsteins have been guarried. Near the 
Boat house of Sharpham House the -amygdules are fille~ wit.h 
calc spar. On the east of Ashprington, green, slaty and veSICular, 
fraaments of igneous rock are scattered over the brown amble land. 

Sheared vesicular diabase (melaphyr) occurs on the south of 
Tuckenhay Paper Mills. In a similar lava north of Higher 
Dittisham the amygdnles are filled with quartz. 

Many of the diabase patches, indicated by surface stones ~r 
insignificant exposures, may cover larger or smaller areas than IS 

shown on the map, such as the large mass at Luscombe Cross 
the patches north of Stancombe, between Ashprington and 
Ashprington Cross, etc. . 

Most of the smaller diabase patches are aphanites, of whICh 
the rock forming the Sharpham Reach promontory, by the Dart 
is a typical example. There are several patches near Harberton
ford, by the Dart north of Sharpham Park, at Pen quar~y 
near Stoke Gabriel, on the north of Fleet lYEU where the rock IS 

veined with epidote near Redworth, etc. Porphyritic diabase 
patches are met with on the north of Totnes Cemetery, south
east of Follaton House, near Broomborough House, and on 
Harper's Hill west of the northernmost lodge in Sharpham 
Park, etc. 
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The following notes are Ly Dr. H,ttch:-
E. 1103. Pit west of Sharpham Barton .Linhay plalltati~ll-Coll1pact 

diabase, ::;lightly porphryritic, consisting of Isolated porphyntIc .crystals of 
plagioclase embedded in an altered ground lllass COI~lJlOsed of aU2,lte, felspar, 
iron ore, and chlorite. The structure of the rock IS mnch oh,;cnred by the 
turbid alteration products of the fel~par. 

1139. :From a small patch, north-west of Sharvham Hon~e --.\Jtered 
diabase veined with secomlan- minerals: qUll,rtz, epidote, chlOrite, ete. 

11.38. Qnarry near Ham Barn, Hackney Creek Porphyritic di~base, 
rich in granular epidote and chlorite, resulting from the decomposItIOn ot 
augite and febpar; sOllle iron ore. . 

E. 1106. Old quarry near Totnes ,YorkllOuoe-Compact cliaba::;e slight!y 
porphyritic, composed of small]Jorphyritic crystals of felslJcu emheclclecl. 1Il 

a gronnd nHl~S of fcl'par and chlorite (the la.tter ansmg from the alter.atlO!l 
of the augite). In the Chlorite are scattered numerous granule" of tltam· 
ferous iron ore (ilmenite). Calcite in isohted peetches. 

E. 1108. Quarry by back 1'0,[(1 to Broollluorough House, west of Totne."i
Porphyritic diabase, much decomposed: phgioclase, chlorite, ilmenite, 
calcite, etc. 

Hard compact buff rocks * occur in places in the volcanic sCl'ie", 
as near Sharpham House boathouse, at Totnes Castle, near 
D;ll'tan Moor (north of Bridgetown, Totnes), west of Redworth, 
etc. The specimen fi.'om Totnes (\lstle is thus describCll LyjIr. 
Teall ;-

;n')G. Totnes Castle-Compact reck mottled with pale greeni:,;b.grey 
and Vurplish tintR. "Teather~ brown . 

.II. A few small phenocrysts of completely altcred fclspar in a matrix of 
silllilarlyaitered lath-shaped felspan;, carbonates after augite and iron-ore,'i. 

l-l91. South of Dittisham Corn jEll.-A rock pronounced to be "ophitic 
dolerite" by Prof. Watts. 

At Follaton Honse and in the lane south of Broomborough 
House there arc whitish slates, of a steatitic aspect in the latter 
case. These may be of volcanic origin. Similar slate has been 
recorded in the Lower Dcwonian area near Bugford, west of 
Dartmouth. (Sec p. 3H.) 

Relatiulls uf the Yulcun ic Rucks. 

No evidence of continuous internls during which ordinary 
sedimentation took place has boen obtained in the volcanic area, 
but some traces of slate may be accounted for by deposition 
between periods of eruption. Thus, bands of sbte seem to he 
intercalated in the ,-olcanic series in the following places :-purple 
slates at sixtee,n ch;tins north of Langridge Cross; lilac slates 
e;lst of Dundndge; it nearly north and south band of purple 
and buff slates cast of ehol \\"ell; a thin lmnd of pLlrple slate 
north of Cross Lanes, east of Ashprington ; purplish slates between 
Lower Gribble Plantation, and Ashprington Cross. By the 
alluvium of the Dart, ne;tr \VorlJ's End in Shnrph;lm Pttrk, tell 
feet of purple shales with traces of cherty limestone arc eXl)Oserl 
in the low clift: and in a quarry by the avenue, fifteen c'hains 
south-west of' it, purple slates in the volcanic rocks dip eastward at 
150

• On the summit between Lower Longcombe and Millcombe 

* Similar rocks occur in the volcanic 8eries between Ugborough and 
Plymstock (i:-lheet 3-1D). 
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Barn, east of Fleet Mill, there is an irrecrlllar patch of ret},
butl: and mottled slates, assoclated with quartz. Some buff slates 
overlying volcanic rocks in the valley on the north may be the 
continuation of this patch shifted by a north and south 
fault. 

The above instanccs might perhaps be explained by the 
appearance of undcrlying scdimentary beds throlwh faults and 
invcrted plications, as in the following occurrcnce~ :-South of 
Totnes dark grey butl'-weathered slates are cxposed by the road 
near Gerston Cross, where they scem to be shifted by fault, and 
are seen to contain a little dark grey calc-veined limestone. 
Dark slates are also exposed by the road between Windmill 
Down and Tristford Cross; their extcnsion towards Broom
borough House is doubtful. At the end of a plantation, fifteen 
chains south-east from Follaton House, a small patch of lime
stonc is met with; it is probably brought up by hmlts, account
ing for springs which rise in the vicinity in the volcanic rocks. 
A small triangular patch of limestone, bounded by faults on the 
west and south, but apparently dipping under the volcanic rocks 
on the east, occurs on the hillside at thirty chains south from 
"Veston House. 

At Parkers Barn grey slates are exposed. They exLend along 
the banks of the Dart for about eighteen chains, passing under 
volcanic rocks on the south (where they contain films of lime
stone) and east, and are cut off by a nearly east and west fault 
on the north. Following the direction of this fault eastward, 
on crossing the tributary valley south of Fleet Mill, it coincides 
with a tributary valley in which three tiny patehes of limestone 
may be detected, at and west of lIlillcombe Barn. By the Fleet 
Mill valley, at eighteen chains east of Parkers Barn, a small lime
stone patch dipping under volcanic rocks on the south, is visible 
south of Hackney Barn. It is probably boundcd by slates undcr 
volcanic llebl·is on the north. A small, nearly circular, patch of 
limestone with south-easterly dip is noticeable at about a 
qU3.rter of a milc north of Pen Quarry. 

The boundaries of the volcanic rocks are not the fringes of 
the products of 'an eruption, or of a series of contemporaneous 
eruptions, from diftcrent vcnts, but of the emissions of many 
different eruptions taking place at ditlerent times and from 
ditl'erent vcnts. Therc is, thcrefore, nothing anomtLlous in the 
differcnt relations displayed by the vulcanic rocks to the slatcs 
and limestones, as their boundary is traced round from Harberton
ford to Totnes. 

The absence of limestonc along thc southern boundary, cxccpt 
at Harbertonford (where a mass of dark grey slaty Eifelian lime
stone underlies the volcanie materials), is, perhaps, partly due to 
fmlt junctions with the Eifelian slates, as faults undoubtedly 
occur between Haruertonford and 'Vashbourne, and ncar Com be, 
East Corn worthy, and DittishaHL The volcanic series is thus 
brought in contact with the Lower Devonian near Combe, 
and a great part of the Eifelian slates are cut out south of 
Dittisham. 
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I~ 9hampernowne's paper * "On the Ashpri~&ton ': ol?anic 
Senes,' the Greenway House coast from the FIShpond s mlet, 
near Greenway Viaduct, northward is thus described :-" ~ome 
grey slates with a few calcareous seams line the north SIde of 
this inlet and risincr from below them a great mass of lavas and 
tuffs with some ve~y hard rock forms the ledges until we round 
Greenway Quay and reach their base. Along the hank from 
hore to near Galmpton Mill some beds of dark limestone and 
buff-coloured shale extend. They are exceedingly rich in corals, 
the prominent forms bcing Alveolites compJ'essa? Edw. and H., 
large specimens of Cyathophylluln damnoniense, Pl~il., and 
others. Cystiphyllt~ln vesiculosnm, Goldf., also a speCImen of 
H(dlia, occurred, the latter wilih a quantity of A tLlopora hang
ing about it." 

On the same side of the Dart, west of "\Vaddeton Quay, the 
volcanic rocks are again encountered. They consist of red, 
purple, buff, and gre~n lavas and tuffs, with occasional small 
masses of hard diabase. On the east they are bounded 
(apparently) by slates, but on the north limestone containing 
Cystiphylltnn ['esicuZosum is encountered; the continuity of this 
limestone (as shown on the map) with that of Sandridge Park 
is inferred. South of Sandridge Park a quarry in gr0y coralline 
limestone afforded Cyathophyllwn C(I)8pito8nm and Cyath. 
heliantlwide8. In parts the limestone is shaly, as by the Dart 
at Ladies Quay, where it is overlain by soft mottled fossIliferous 
shales, apparently fine tuffs. At Sandridge Point the limestones 
reappear under volcanic rocks partly fossiliferous, as above. 
Their junction with the limestone is irregular and ill-defined. 
Hard red crinoidal limestones are seemingly intercalated with 
the tuffs, and the dark-grey, red-weathered, lenticularly shaly 
limestones have soft red partings and bands. A volcanic breccia 
with limestone fragments is observable in one spot near hard 
diabase. The limestones yielded Reccptncnlite8, Alveolites 
compJ'eS8((, Cyuihophylltun (possibly C. obto'l'tum), Stl'ophodmdn r 
and Zuphl'entis, kindly identified by Mr. \Vhidborne. 

On the opposite bank of the Dart, a tiny patch of limestone 
is visible under the volcanic rocks at Redgate near Higher 
Gurrow Point. A similar patch of slaty blue and brown lime
stone (with CY(J,thophylluln obtoTtwn) is met with at Blackness 
Point, near a band of slaty limestone with rugose corals, and 
gently undulating bedding (along the Dart shore). This band is 
repeated by plication along Dittishn,m Mill Creek. It reappears 
in the limestone patches of East Cornworthy which are shifted 
by fault on the west, and in a small patch on the southern 
margin of very fossiliferous grey Eifelian slates of the Berry 
Park type, exposed by the Dart. Recrossing the Dart between 
Stoke and Mill points, we again encounter the limestones, with 
occasional brachiopods and numerous corals, amongst which 
Mr. Whidborne recognised Al1Jeolites compl'essc~, Cyathophyllum 

* QuaTt. Journ. Oeol. Soc., vol. xlv. 

7052 
t Identified by Rev. G. F. Whidbornc. 

G 
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Ca3spitoswn, C. obtortnm (probably), C.l'crmiculare. These lime
stones are intermixed with buff material, and are in places much 
altercc1 and decomposcd. A chalcedonic film was observed in the 
decomposed brown rock. The connection between the limestone 
and yolcanic materials is so intimate that the rocks display the 
appeamnce of schl11stein-kalk in places. In one spot a hard, red 
rock, probably a peroxidated igneous c1yke, seems to have penetra
ted the limestone. The rocks Itre evidently contorted. At the 
mouth of Bow Creek, south of Langham \Vood Barn, there is a 
small pletch of c1ecomposed limestone and schalstein-kalk. On 
the south shore of Bow Creek, limestone underlies the volcanic 
rocks, forming two patches at from 20 to 50 chains east from 
Tuckenhav Creek. In the westernmost of these, thick bedden 
and slaty <'liuk blue limestones are exposed, for about 50 feet, in 
a quarry.* They contain numerous corals amongst which Mr. 
,Vhidborne recognised Cyullwphyllu/rn bilatcmlc, Champ. In 
another part of the limestone, which occurs on the border of a 
small alluvial tract, Spollgophyllum was noticed. East and south 
of Bow the bluish coralline limestones are again visible-by the 
creek in Crownley \Vooel under volcanic rocks-exposed to a 
depth of 20 feet in a quarry north of Crownley\Vood, and between 
Lower Yatson and the River HarLourne. The connection between 
the two last exposures is inferred, along the strike of the lime
stone anticline. N ear this between Bow, Beanleigh, and Lus
combe, there is a considerable tmct of Eifelian slates. Along 
its border limestone has only been proved to sepal':1te the slates 
frOUl the overlying volcanic rocks in one place, viz., south of 
Torcombe, where there is a slllall patch of blue and greenish, 
irregnlar, slaty limestone, associated with slates and overlying 
slates of the Berry Park type. 

Returning to the main boundary at Sandridge Park, we find 
the volcanic rocks, between that place and Port Bridge, bounded 
by Eifelian slates of the Mudstone Bay type. The junction 
appears to be an irregular north and south fault, throwing down 
the volcanic rocks on the west. North of Stoke Gabriel reddish 
and grey slates may separate the limestone mass from the 
volcanic series, as they occur on the margin of the limestone 
at ,VeIl Farm, and three quarters of a luile fftrther west. 

The slates on the west side of Stoke Gabriel seem to be brought 
up by a fault. They are overlain by a large patch of slaty lime
stone, which seems to rest on purple volcanic rocks near Dun
rannon, and bv a circular outlier of blue and buff weathered 
limestone farther north. N ear its western termination the sIn te 
is faulted against limestone, of which the small patch near Ham 
Barn might be a f"mlted continuation. 

There are numerous faults between Stoke GlLbriel and LonO'
com be affecting the relations of the limestones and volcanic 
rocks, and the sl1l'face evidence is often unreliable. 

* Cluunpernownc obtained the original specimen of Cynthophyllum? 
l)/lutc!'ale deHcribed in Qua]"t. J01lrn. Cleo!. Soc. vol. xl. p. 503. pl. xxiii. 
from a (luarry "Oil the ~nuth hank of Tuckenhay Creek." N n doubt this 
qnarry Wt,R meant. 
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The llmestones and schalsteil}s of Aish are cut off by a nearly 
north and south fault aO'ainst the great mass of limestone north 
of Stoke GabrieL On the west side of this fault there is a small 
patch of very coralline limestone, near a place ca.lle~ ~oil ~ on the 
6 inch map), in which SL)Ongophyllnm Scdgwwb, IdentIfied ])y 
Professor Frech, is conspicuous. This limestone, as wel~ as that 
of Aish, where un±~tulted, is probably under the volcamc rocks. 
The limestones of Aish are exposed in a quarry south-west of 
Aish House to a depth of 20 feet; at Aish they seem to be 
horizontal. 

The limestones at, and south of, Longcombe occur between two 
faults which unite on the west side of Aish. The westernmost 
of these faults passes" Parliament House," the little house in 
which William of Orange heM his first Council. The larger 
patch of limestone seems to pass under volcanic rocks on the 
south and to be bounded by a fault on the east, which coalesces 
with the main dislocations and cuts ofl:' the small patch of lime
stone on the west of Longcombe. The limestone patch faulted 
against Lower DeYonian,south of Longcombe, seems to rest directly 
on Eifelian slates, and to be lower in the series than the other 
patches. South of Parliament House a band of limestone is cut 
off on the east by the fault. At its western extremity this lime
stone is exposed; the beds dip south and west, and are overlain 
by shaly yellowish-grey and purple volcanic materials much 
contorted. The persistence of this band is doubtful. The 
Lomentor limestone seems to be faulted on all sides, or over
thrust on Eifelian, or Lower Deyonian strata. 

At Aish the volcanic rocks seem to overlie the limestone, and 
although their persistence to Higher Yalberton on the east is 
not ascertainable, owing to extensive washes of Lower Devonian 
deb I' is, a connection between the Ashprington and the Crabs 
Park volcanic products is very likely to have taken place in this 
direction. The faulted limestone patches north of Longcombe 
are associated with red rocks, so imperfectly evidenced that I 
cannot say whether they are volcanic or Lower Devonian. If 
volcanic, the limestones, which are displaced portions of the 
same horizon, would be separated by them from underlying 
Eifelian slates. If Lower Devonian, their positions would havo 
to be explained by thrust and step faults. 

From Longcombe westward the volcanic rocks are bounded 
by slates, in faulted or unfaulted contact except-near vVeston 
House; between Bridgetown and True Street; and at Totnes 
Cemetery-where limestones are met \,ith. South of Berry 
Pomeroy, east of ,Veston House, a good sized mass of limestone, 
bounded on three sides by the volcanic series, yielded Alvcolitcs 
verJnicltl(l1'i.~, Favositcs Goldftlssi and the following, identified 
by Herr Frech, Hcliolitcs pm'OSllS, .Mcsopkyll'wm damnonicnse, 
Syl'ingopol'a cJ'ispa. Thore are two patches of limestone, pro
bably connected with this, OIl the opposite side of the stream. 
The relations of the limestone are probably affected by a fault 
prolonged in a south-easterly direction from True Street. Be
tween True Street, Great Court, Bridgetown and Bnurton the 

7002 G2 
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boundaries of the volcanic rocks, where in contact with slates, 
are invariably faults running east and west, and shifted by dis
locations trending north by west and south by east; the only 
exception being a somewhat doubtful north-east and south-west 
fault between True Street and Bourton. South of True Street 
limestone dips under the volcanic rocks, but its extension is 
very doubtful, through lack of evidence between Highlands and 
True Street. Thin bedded limestones, associated with slates 
apparently dipping under volcanic rocks on the south, are 
visible at a quarter of a mile east of Bourton. 

Similar limestones are imperfectly evidenced in an orchard 
south of Bourton. The volcanic rocks rest on limestone. At 
Redhill quarry by the Dart, Champernowne, in unpublished 
notes, thus describes the section-" Here the mass, which is 
scoriaceous at the base, rests on an eroded step-like surface of 
limestone beds dripping south-east." Godwin-Austen ascribed 
this step-like junction to faults, but Champernowne regarded it 
as" a case of contemporaneous erosion involving a disturbance 
of the reefs by the volcanic forces." 

FIG. ll.-REDHILL QUARRY, NEAR TOTNES. 

Greenish, buff brown", eathered, decomposed igneous rock, resting on limestone, 
which dips at 15° to 20°. 

To the south of this the limestone is again visible, underlying 
the volcanic rocks without any appearance of irregularity. Still 
farther south irregular buff and grey slates, with limestone 
lenticles containing Cystip/iyllum 1'csiculosum, are exposed by 
the high road below the limestone. The limestone in the wood 
contains an isolated mass of igneous rock to the east of which it 
extends for some chains, probably faulted against the volcanic 
rocks on the north but passing under them on the south. In 
this extension the limestone is exposed in a quarry near Dartan 
Moor where it is partly massive, partly broken and slaty, and 
excessively contorted, as shown in the sketch (Fig. 12). . 

East of Dartan Moor limestone is exposed in an old quarry at 
Endsleigh, where buff schalsteins, so blended with limestone as to 
resemble a schalstein-kalk, rest on massive dark grey limestones 
veined with calc-spar and with a lenticular peroxidated slaty 
seam. A coral obtained here was described by the late Pro
fessor Nicholson as "a Caunopm'a belonging to a common but 
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tindescribed Stromatoporoid of Devonshire. It IS probably 
referable to the genus Hermatostrmna." . 

The continuation of the Endsleigh limestone eastwa.rd ~s 
broken by two parallel faults, eight chains apart! by ~hlCh It 
is shifted northward and forms a mass apparently man mverted 
anticline in the volcanic rocks on tne slope south-east of 
Bourton. The easternmost fault cuts off a mass of coralline 
limestone, of grey and deep red colours, on the west, near 
Highlands. Amongst the corals Cystiphyllum v~siculosum ~as 
obtained from this limestone. Nicholson identIfied Alveohtes 
8uborbicularis, Clathrodictyum, probably a new species, and 
Dr. Frech recognised Favosites reticulatus and ]}[esophyllv:m 
dmnnoniense. Farther south the fault cuts off a patch of thm
bedded limestone, resting in an inverted syncline on Eifelian 
slates, against volcanic rocks on the east. It may, theref?re, be 
inferred that these isolated limestone patches formed a contmuous 
mass, resting on the Eifelian ~lates and overlain by the volcanic 
materials. There is no reliable evidence for connecting these 
volcanic rocks with the main mass; they appear to be cut off 
by an east and west fault at Great Court, and may rest on 
limestone at a spring, west of that place. 

FIG. 12 -QUARRY NEAR DARTAN MOOR. 

Massive limestone and broken limestone 
Schalsteins. 

General structure. 

At Higher Weston farm, and in an orchard south of it, wells 
have been sunk just below the feature made by the volcanic 
rocks. One of these wells is said to be 160 feet deep. No volcanic 
materials were turned o.ut, the strata penetrated being, apparently, 
dark grey slates, overlam near the'surface by dark shaly 1lTnestone 
and buff fossiliferous (decom posed limestone) shaly beds. The 
limesto~e ~nd ~)Uff shaly fragments.' turned out, recall the Hope's 
Nose ElfelIan lImestones and contam numerous Brachiopods and 
corals. The Spirifers were pronounced by Professor Kayser to 
be Spirifem a.ff. (but not the true) speciosa, Schloth. Professor 
Frech identified the following:-

AtryPa reticularis, Linn. 
Actmostroma verrucosum, G oldf. 
Cya~hophyllum crespitosum, Goldf. 
C. dlanthus Goldf. 

C. vermiculare, JJfiinst (prrecursor 
Frech). 

Mesophyllum damnoniense, M. 
E.andH. 

Favosites Goldfussi, M. E. and H. 

Beds of dark grey limestone, containing similar Spirifers to 
th~se !1t the wells, are exposed at the border of the volcanic 
senes m a narrow brook channel to the south of Lower Weston 
Farm. 
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At Rose Cottages, south of Totnes, there are lenticles of 
limestone in the butf blates on the volcanic boundary. There 
is a small patch of limestone between the volcanic rocks and 
the Eifelian slates, crossing the Great \Vestern Railway at 
Totnes Cemetery. Near Longcause, lenticles of limestone occur 
in the slates near the volcanic boundary. In the high road 
at Redworth two small patches of highly altered limestone are 
visible in or under the volcanic rocks, which here appear to be 
timlted against Eifelian slates on the north and east. 

Ah'ypa 1'eticularis occurs in buff slates at their junction 
with the volcanic, just outside the map near Follaton House. 

The well sunk by Isler and Co. at the Lion Brewery, High 
Street, Totnes, indicates the presence of shaly Eifelian lime
stones probably forming a syncline beneath the volcanic outlier 
of Totnes Castle. Beyond the Castle mound there are no 
exposures in the space indicated as volcanic on the map, and 
part of the made ground may be volcanic rock disturbed. The 
section thus interpreted is :---

Made ground and soil 
Shaly rock 
Blue limestone rock 
Blue slate rock 

Ft. m. 
21 0 

3 0\ 
2 6J 

- 139 6 

Probably in part volcanic 

Eifelia,n limestone. 

Eifelian slates. 

Taken in connection with Weston wells, and the entire 
absence of evidences of volcanic intercalation in the Eifelian 
slates, it seems evident that the earliest eruptions of the 
Ashprington series took place during the later, or latest, stages 
of the deposition of the Eifelian slates. From the disposition 
of the volcanic materials indiscriminately on these slates, and 
on successive stages in the limestone formation which ensued, 
it seems clear that the earlier eruptions were so localized as to 
permit of these organic growths taking place and being over
whelmed at different stages by subsequent eruptions. On the 
margin of the eruptive foci, under favourable conditions, coralline 
growths would spread over the volcanic materials, as at Sharkham 
Point, and, perhaps, near Aish, etc., where subsequent dis
turbances may have entirely effaced the original relations of 
the rocks. 

DARTINGTON, MARLDON, AND IpPLEPEN DISTRIOT. 

In the introductory notes the general character of this area 
has been roughly sketched. The New Red rocks west of Torquay 
conceal a tract between the Torquay and Paignton anticlines, 
in which the disturbances of the Middle Devonian rocks must 
have been considerable. As faults cannot be traced in the slate 
areas away from the limestones, and the dislocations affecting the 
latter were only shown where obvious, through displacement or 
shifting of the boundaries, it is not possible to say how far the 
structure may be influenced by faults which have not been 
detected, and consequently to distinguish slates which lllay have 
repl<lced limestones ti'OIll the Eifelian slates which underlie 
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them. North of Staverton the limestones are so feebly repre
sented and so closely associated with the slates, that they appear 
rather to be impersistent and irregular developments m them 
than f11ulted remnants of a persistent horizon. 

Looked at in a broad way, we IDay regard the slates on the 
south of the Dartington and jlarldon limestones (the Berry 
Park slates of Champernowne) as Eifelian, or the lowest beds 
of the jIiddle Deyonian. Aboye these come the bedded 
limestones, which include the Berry Pomeroy outliers, and 
extcnd from Marldon to Dartington, and thence to Fishacre. 
The Ipplepcn limestone mass is either altogether above the 
Dartington limestones, or represents them in its lower beds 
sonth of Orley Common. In either case thc Dartington lime
stone passes out into slates in the Broadhempston country, but 
it lllay be con tinned east,,·ard in the ~ ewhouse Barton, Yarne
ford Copse, Wrigwell House, Bulleigh Barton, and vYhilborough 
limestones. The limestone bounded on the south by volcanic 
rocks on Blair Hill, north of Bulleigh Barton, is an upper lime
stone mass, in the same cl1tegory with that of Ipplepen, the 
schalsteins being a development in the slates with occasional 
dark limestone bands and tuffs, which overlie, or replace, the 
Dartington limestones. 

The replacement of the limestones by slates with contem
poraneous volcanic rocks is conclusively proved (as already 
remarked) in the area on the west, in Sheet 349. The slates 
with tuffs in the area under description have been regarded as 
the commencement of this replacement. These would be above 
the Dartington limestone on the assumption entertained by 
Champernowne that the Dartington structure is a syncline, the 
limestone separating older from newer slates. If we assume the 
contrary hypothesis, the Marldon and Dartington limestones 
would be partially replaced or occur as outliers, and the volcanic 
materials would be associated with the uppermost beds of the 
Eifelian slates, or with slates representing the lower (locally even 
the higher) parts of the Eifelian limestone. 

The volcanic rocks of this area are brought into relation with 
those of the Ashrrington and Goodrington districts by Challl
pernowne. Heferrmg to a coarse tuff faulted against dolomitic 
limestone at Aish, north of Stoke Gabriel, he wrote :-* 
"This tuff consists chiefly of red slaty-looking patches, decom
posed felspar crystals, and grains of quartz. A precisely similar 
rock resting on limestone occurs near Watton [\V addeton ] 
village, and beds of like constitution, but not red, are inter
stratified with bluish slaty shales over the Dartington lime
stone, being well exposed in the Ashburton railway-cutting, also 
overlying the limestone of Bulleigh Barton, and south of the 
limestone of Clennon Hill near Goodrington. . .. These belong 
to a characteristic type ... they are never amygdaloidal, and 
cannot have flowed, but seem to correspond to the Nassau 

., On the Ashprington Volcanic Series, Quart. Journ. Geol. Soc., Vol. 
xlv., p. 369, etc. 
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'pOl'p~yritic schalstein' so-called." In his unpublished notes the 
followll1g p<lssage occurs ;-" In the broken and trougheel country 
of D<U"tington and Little Hempston, the la"ms appear to be 
absent, ash beds, both fine-grained anel flaky, as well as 
cmrser brecci,lted layers, alone representing this group. Blue
black slates intervene between them ,mel the great limestone 
belmy, so full of )Iidelle Deyonian fossils. ,Yith the slaty beels 
aboye the ash, etc., many blue limestone la~-ers are interstratified, 
apparentlyunfossiliferous. DartingtonHall anel Little Hempston 
Parsonage are built on the latter, which are finely exposed in the 
railway cutting on the left bank of the Dart." 

In ~llusicm to the difficulty he experienced in distinguishing 
the slates abo,e mentioned from those below the limestone, the 
paper on the Ashprington series concludes with the fol1o:Ying 
sentences :-" But why should there not also be slates n81ther 
exactly aboye nor below the limestone, but replacing it? So 
that De la Beche's words would be true, yiz., that the geological 
continuation of certain limestone appears to consist of slate." 
Dartington Parish Church is built on slates bounded by the 
Dartington limestone (along a north and south fault ?) on the 
east, anel by a lllass of decomposed igneous rocks at Knoddyawl 
¥ arner on the west. The rock (X o. 1084) of Yarner Beacon is a 
dolerite. These igneous rocks rest on the slates, but shaly lime
stone is exposed beneath them in an old quarry at Lownard, 
near Yarner. 

Farther west, in Sheet 349, there is not the slightest eyidence 
of the continuation of the Dartington limestone, so that 'we must 
conclude that its place has been blken by slates 'with schalstein; 
and that the isolated Eifelian limestone of Peloe (Pay toe on the 
old map) in ,Yhich Champernmyne obtained C'alceola, and the 
limestones of Buckfastleigh, on the north and of Hazard, on 
the south, were not connected with it. ~orth of Sta,erton and 
,,,est of the Ipplepen mass there is not sufficient eyidence to 
connect the ,arious occurrences of limestone. 

The strikes of the area ,aTY between east and west, and north 
and south; this is partly dlle to the dying out of the Lower 
Deyonian anticlines, partly to the prolongation southward of 
nearly north and south strikes from Newton Abbot. The con
sequence of these strike yariations is to repeat the rocks in
definitely, and rather to discount the idea of the occurrence of 
any gre,~t structural cun-es. There are numerous examples of 
slaty limestones passing into slate, but these are seldom suffi
ciently distinctiye in character, or fossil contents, to justify their 
correlation with the Eifelian limestone with any degree of 
certainty. 

Eifeli;1ll sla tes seem to pass under the Dartington limestones on 
the south. They contain limestone lenticles near the junction 
on the south-east side of Dartington Park and haye the appear
ance of passing into the limestone. A ulo]Jom and other fossils 
occur in them south of the Vineyard, and Fen estella , north of 
Dartington Hill Copse. X ear Hampstead a lenticular patch of 
limestone associated with slate occurs in the Eifelian slates; and 
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on their southern border the Little Hempston limestones are 
slaty nea,r Grattons. On the east of Little Hempston Wood 
Plwcops batrachcF.s (= P. gmnuZatus) was found. The slates of 
G~tc?mbe Park are foss~liferous.. These slates. are r~garded as 
Elfehan and below the faulted lImestones on eIther sIde. Near 
Shadrack Cross they contain A nlopora, Zaph?'cntis, Phacops, 
Spirifera; and east of Shadrack, Phacops and Spiriferct speciosa. 
At Netherton Ab'ypa l'eticula'J'is was found in them. Between 
the limestone near Uphempston and the adjacent patch of New 
Park Hill plantation there is an interval occupied by slate; north 
of Shadrack Cross there is no representative of the limestone 
betlveen these slates which do not contain tufts and those of 
Penball Cross which do. If; therefore, these phenomena are 
not due to faults, which can onlv be inferred theoretically, it is 
impossible to separate the slat~s with tufts from the Eifelian 
slates. 

The Battleford Copse limestone is considered to belong to the 
sallle series as the limestones of New House and Yarneford 
Copse, and the slates frolll Red Post eastward, which are fre
quently red stained, may, or may not, be Eifelian. East of 
\Veekaborough Oak Cross, grey fossiliferous slates contain 
Spirife?'a speciosa, At?,ypc~ ?'CticulcLris, St)'cpto'rhynclws and 
Phc{cops. At AJ;?tor Barn the slates are red, they contain 
many dist,orted fossils, fragments of trilobites, St1'eptO?'hynch?LS 
1f?nbrctculum, SpirifC1'a, etc. 

In the lilac-red slates north of Westerland House Spirifcra 
speciosa, OyathocrinlLs nod1LloSl~S, Pleurocl ictyl~m and 
Zuph1'entis were obtained. 

Grey fossiliferous slates of the Berry Park type, exposed in a 
quarry west of Westerland House, yielded Leptwna inteTstTialis, 
Spi?'ifera speciosa, StreptO?'hynchus and StTophomena Thmn
boidalis. To the north of this, by the lane to Culvertor Copse, 
the slates contain Orthocercts and a small gasteropod (PleuToto-
1Jwri(t, identified by Kayser). From Culvertor Copse to Totnes 
the prevalent types of Eifelian vary, from the irregular Berry 
Park type to that of Ellacombe and Mudstone Bay-fo~sils are 
of common occurrence, as decomposed and distorted casts or 
impressions. At?'ypa ?,eticulcwis was recognised in Blackpool 
Clump, near Berry Castle Lodge, and near Springville, north of 
Totnes. 

Be1'J'y Pomef'oy, JJlrwlclon ancZ D(u,ti11gton Li?1lCstones. 

. Th~ lime~tones of this group are so seldom seen in unfaulted 
J~nc~IOn WIth the slates that thc recognition of the shaly 
Elfeha~l passage limestones and slates at their base is naturally 
exceptIOnal. They represent the bedded limestones of Daddy 
Hole, and although, where unfaulted, their lower beds would 
correspond to the Eifelian limcstone, it it not possible to say 
how far they may be regarded as included in that series. 

N ear Springville House, north of Totnes there are three 
contiguous patehes of Eifelian limestone, p~ssibly connected 
but of this there was not sufficient evidence. The westernmost 
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p:ttches cOllsist of clark grey limestone veined with calc-spat, 
uUller thin irregularly belklell limestone, overlain (invertedly 1) 
by papery shale j and of dark grey limestone associated with 
lmtf argillaceous llIaterial, very similar to the Hope's Nose 
limestones. 

The larger mass, on the east, is <.:omposed of" dark grey lime
stones, more or less slaty. These are well exposed in Mockwood 
Quarry where they exhibit a complex series of zigzag plications. 
This limestone is probably terminated by fault on the east. In 
a specilllen labelled l\Iockwood Quarry, of pale grey compact 
limestone, Professor Frech identified CyathophylllJ,TfI., tinocystis, 
Frech-an Iberger Kalk species. The character of the specimen 
suggests higher beds thrust or folded in. 

The limestones south of Gatcombe Park are connected by a 
narrow, probably faulted, isthmus, On the south of this there 'are 
sigus of limestone and schalstein bands in the slates. The 
larger mass is frequently slaty, and in one place (shown on the 
map) it may surround a plica ted mass of slates. Contortions in 
the limestone are well sho,\'n in a quarry overlooking Gatcombe 
Park. Dark bluish-grey limestones associated with buff earthy 
matter (as at Hope's Nose) are exposed south-west of Combe
park Cross. East of Little Hempston 'V ood the limestone is 
coralline and contains Alveolites Cinborbicttla1'is and JJIeso
phyllum damnoniense identified by Professor Frech. The 
faulted patches, near Netherton, point to the connection of these 
limestones with those of Berry Pomeroy on the south, and 
through them, with the limestones on the north border of the 
Ashprington series. In one of these patches, at Sandlane Copse 
south ofN etherton, the limestone is cleaved, as in the Hope's Nose 
coast. 

The surface evidence between the Berry Pomeroy limestone 
patches is, in many cases, so indefinite that it is impossible to say 
that they may not be connected by-and based on-slates with 
limestone bands or lenticles, representing the lower part of the 
Eifclian limestone. The most southerly mass, on the north of 
the Ashprington series, is exposed in a quarry in Southfield 
Wood showing pale-grey limestone, yellow-banded in places, 
weathering dark grey. 

At Berry Castle Lodge, a triangular patch of contorted Lluish
grey calc-veinecllimestone is exposed; it appears to be faulted 
on all sides. N ear the end of the wood, on the west of Berry 
Castle Lodge, a small ~atch of limestone was also detected; 
relations not shown. lhese limestones were no doubt once 
connected with the faulted patches near Longcombe on the 
south, and the Afton and 'Marldon limestones on the north. 
The slates of Shac!rack Cross lie between two nearly north and 
south faults. The westennost cuts off the Uphempston limestone. 
The easterrnost cuts oft· the limestone south of Netherton, and 
forms the western boundary of a long patch of limestone with 
easterly dips in New Ground Copse. This mass may be connected 
with that on the east in which Alveolites 81~bo1'h1:culari8 was 
obtained in Park Corner Copse, 
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The third and largest mass occupies the high ground between 
Afton and N orthtor Cottages. It is bounded on the south by a 
fault al011O' the north-western ~\Yalls of Berry Pomeroy Castle. 
There is e~erY reason to conclude that the Afton limestone rests 
on the slate; 1yhich separate it t\om the limestones of. Aftontor 
Quarry on the north. From Aftontor Quarry the lImestones 
extend to Marldon, their sinuous boundaries on the north, between 
Aftontor 'Vood and Butterball Copse, denoting a natural, but, 
no doubt, frequently inverted junction with the slates of Aptor 
and \Veekaborough Oak Cross. On the south the boundary is a 
fl1ult at Lovento'l,. This is shifted by a cross f'lult at Afton, 
and forms the southern boundan' 'Of the Afton limestone 
at Berry Pomeroy C,lstle, already mentioned. N ear its 
northern margin the limestone, east of Butterball Copse and 
south of Aptor, cont,lins numerous comls including Anlplcxus 
t'JI'tllOSUS and Cystiphylln1n vcsicnlosu)Jl, and the following 
i\lcntified by Professor Frech, "Cyathol)liyUuJn cwspit()snm, Goldf. 
Mtsophyllnm cylindricnln, Schhit. Camitcs n. sp. (not occuring 
. G )" In lermany. 

At, Burrowbottom Barn, south-west of Aptor, there are two 
slllall outliers of coralline limestone in which Cyatlwphyllum 
c,(!spitosnm "immersed in a colony of Al'ceolites" (identified by 
Nicholson), Cy(dhophylll~m helicmthoidt8 and CystiphyllwYll 
were obtained. 

At Hazelwood, where thin-bedded limestonus have been 
quarried, the continuity of the limestone is broken and shifted 
by faults. 

Near Strainytor Copse numerous inverted contortions with 
easterly dips are shown in an old quarry. At Higher \Vesterland 
Quarries bluish-grey limestones, mostly crinoidal and containing 
corals in places, are exposed. In one of the quarries, a sharply 
inverted syncline is shown. Alveolitcs vCl'lIliCLtlm'is, A 1.~lop())·((, 
Fuuosl:ics and Spl:J'ijc)'s are obtainable. At 1L1rldon the lime
stones are bounded by faults; they exhibit various changes in 
strike. "Alvcolitcs snlioJ'liicnlw'is, Lam., associated with C stems 
of a species of Pachypol'((," and a "rugose coral, partly immersed 
in a ~tromatoporoid" were recognised by Professor Nicholson. 

North of 1farldon a fault-bounded inlier of distinctly bedded, 
partly crinoidal, limestone is exposed in the valley south of 
Compton, in the New Red area. It contains Alvcolitcs L'e1'mictt
laris, HelioUtes P01'OSU8, Spi1'ijcl'a sp., and "Strornatopo1'(t 
Hiipschii," Barg. (wi~h " CC(l[1I0PO),(( tubes") which was identified 
by Nicholson. 

A small limestone inlier occurs to the east of this; and further 
east is the Stantor (~Llarry inlier. In this quarry the even, 
mostly thin - bedded, limestones are excessively contorted. 
Numerous sections of Gasteropods are shown in SOUle of the 
beds. Sti'ornatop01'(~ Biichcliensi&, Barg. was obtained here 
and identified by Professor Nicholson. 

The Marldon limestones in their extension to Aptor seem to 
rest on red slates on the south. South of Marldon Tor Planta
tion there is no reliable surface evidence. 
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At Aptor Brake the limestone is shifted northward by faults. 
At Aptor the rock is coralline in places; one bed fnll of Favosites, 
etc., was noticed; the bedding is generally even. Between the 
Aptor limestone mass and that of Herhill Copse, grey slates are 
in faulted junction with the New Red. The Herhill Copse 
limestone is ffLnlLec1 against these slates on the east, but the 
shaly limestones on its southern border are indicative of a natural 
junction. Limestone is imperfectly exposed on the New Red 
boundary in a valley south of Higher Weekaborough, but 
beyond this there are no indications of limestone along the New 
Red boundary until Battleford Copse is reached. Between 
Battleford Copse and Red Post there seems to be a small patch 
of limestone associated with red slate. 

From U phempston the limestones in direct continuation with 
those of Dartington Park begin. The U phempston limestone 
is faulted against slates on the east, west, and south. N ear its 
southern boundary the dips are westerly, and the rock is partly 
uolomitic. On its northern border even-bedded, dark b1uish
grey, white-weathered, hackly fractured limestones, locally full of 
corals, seem to rest on bluish-grey slates. Amongst the corals 
Nicholson recognised Alveolites subccqualis, Ed. and H., and a 
Oyathophyllmn, (perhaps 0. cemtites). Mr. Whidborne identified 
Phillipsast1'cca (S1Jlithia) Hennahi. Between the western fault 
boundary of the Uphempston limestone and that of New Park 
Hill Plantation there is an interval of twenty yards, or so, of 
slate with some signs of tuff. Unless the slates with tuffs on 
the north are newel' than the slates without tuffs on the south 
of it, the New Park Hill Plantation limestone (which is partly 
dolomitic) occupies an inverted syncline; if not, the interval 
between it and the U phempston hmestone must be bridged by 
a fault. 

South of Little Hempston Church a nearly east and west fault 
cuts off the limestone on the north against dark slates. Both 
series are extremely contorted. The fault cuts off a small con
torted patch of limestone at the north end of Little Hempston 
Quarry, and to the east the clark slates are well exposed in the 
road cuttillg descending the hill toward Little Hempston Bridge. 
On the north of the fault we encounter limestones in the dark 
sla tes ( or shales) in four places. One of the limestone beds is 
cleaved and inverted, and in one spot nipped out. Further on, 
dark, partly calcareous slates, in places passing into limestone. 
are to be seen. A little lower down, dark grey tuffs with a 
southerly dip are exposed in the slates. These beds, although 
faulted against the limestone on the south, are in direct relation 
to it on the east. The problem to be solved is how far the 
phenomena may be due to an actual outward passage of the lime
stones into slates with occasional limestone bands, in al1 area of 
local vulcanicity, and to what extent local vulcanicity irregularly 
interrupted the upward growth of the limestone. 

N ear Parkhill, Little Hempston, the limestone is interstratified 
with dark blue and grey slates, and apparently overlain by dark 
slates, calcareous in places. In the wood east of Grattons, dark 
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a-rey slates are intercalated with the limestone. On the summit 
between Grattons and the Dart the limestones enclose an 
inea-ular tract of slates bounded by fault on the north, and pre
sun~ably an anticline of Eifelian sLues. At Gratton.s, and ne~r 
its southcrn hounchry (,dlich may be faulted), the lImestone is. 
slaty. Dolomitic limestone is encountered in the north part of 
the ·'mass, west of Little Hcmpston, and on the west and south of 
the central slate patch. 

The alluvium of the Dart and river terraces hordering it, in 
Darting-ton P,uk, conceal the connection of the Little Hempston 
and D~rtington limestones. South and south-east of Dartington 
House, the boundarieR ot the limestone are very indefinite, owing 
to the plication of bedded or flaggy limestones which pass, hy 
irregular intercalation, into slates. 

I~ the old quarries on the south of the river terrace (north 
of Dartington Hill Copse) rather thin-bedded dark bluish-grey 
limestones are exposed, apparently resting on shaly limestones, 
on Eifelian slates of the Berry Park type, and dipping east 15 
south, at 18°. Traced northward, these limestones are found to 
pass into slates by intercalation on the east and west, and are 
cut off by the Little Hempston fault prolonged, east of Darting-
ton House. Grey slates with limestone lenticles are exposed 
by the Dart at the Boat House. The Dart seems to run along 
the strike of an inverted anticline of slates and slates with 
shaly limestones, separating the Little Hempston limestone 
from th~ limestones in Dartington Park which belong to the 
same senes. 

On the south of Dartington Gardens flaggy limestones are 
exposed in a quarry, giving a south-easterly dip of 40°. In a 
eopse on the sUIDmit, some chains south - west of this, the 
bedding is nearly horizontal. 'The connection of this limestone 
with the main mass in Nellie's '\v ood cannot be proved, and 
its relation to the limestones on the east is obscured hy faults 
Between Nellie's 'Vood and Darting-ton Hill Copse, surface 
fragments suggest the presence of volcanic materials in the 
Eifelian slates, and there are signs of lenticular bands or lenticles 
of limestone in the slates on the east and south of Nellie's vVood. 
'Vest of Nellie's Wood, a quarry in Symon's Tree 'Vooc1 exhibits 
limestone, partly shaly and associated with reddish slate. The 
limestones appear to be shifted by fault on the south of Foxhole 
Copse, but toward Shinner's Bridge they are well exposed in 
the stream gorge. The road between ParSOWtge Cross and 
Dartington House exhibits even-heddedlimestones, dipping at 
low angles northward, in the quarry near its western margin, 
and westward at Symon's Tt'ee BarIl. Unless indicative of 
strong zigzag plication, or near a faulted western boundary, 
these low dips denote a less thickness of limestone here than 
in the Shinner's gorge. 

At six chains north of Symon's Tree Barn there are indications 
of slate with volcanic bands in the limestone; these terminate 
in a small mass of diabase, at 13 chains northward. The lime
stone on the west of the diabase is dolomitic. Just north of 
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this, ill Chaceg-rove 'IV ood, there is a larger mass of diabase, 
apparently faulted on the south (perhaps by the westerly pro
longation of the Little Hempston fault). Limestones seem to 
dip off the diabase on the east and north, but on the west there 
are only indications of the presence of irregular beds of dark 
limestone associated with slates. In fact, the. continuity of 
the Dartington limestone round Chacegroye 'IV ood is most 
uncertain. This cannot be properly shown on the one-inch map, 
on which a line has been arawn as the north border of a tract 
where slates and tuffs, etc., may take the place of the limestones. 
This indefinite tract terminates in a bold feature in Staverton 
Ford Plantation, made by a mass of diitbase flanked by lime
stone on the north and west slopes, and also on the east and 
south-east. In one place there is a trace of schalstein inter
bedded in the limestone. In Park Copse the continuity of the 
limestone is nearly, or altogether, broken by a great mass of 
diabase which continues on the north side of the Dart to 
Reevacre Cross, bounded on the east by a continnation of the 
D<trtington limestones fi:olll Thistlepark Plantation. On the 
west side of Park Copse there is not sufficient evidence to prove 
whether the diaba,se is bounded by limestone or by slates. 
A specimen of the rock from Park Copse Quarry (No. 1079) 
is an ophitic dolerite. 

Champe1'llowne * described the limestone in Pit Park Quarry, 
DMtington, as a light gTey, highly crystalline rock. A small 
part fri,lble and almost sandy. From this quarry he obtained 
Alt'eolites, Favosites ceJ'vicol'Jlis, var.J'eticu.l(ltci, Heliolites 
1Iol'osIL8, Cyst illh yll wn ve8iculoslm~, H el iophyllltm, simple Cyatho
phylla, Crinoid joints, pelvic plates of Hex((c)'inU8 (rare), and 
occasional brachiopods among which Davidson recognised 
Spil'ifCl'ina cl'istatCl, val'. octoplicatcL. From a quarry in an 
adjoining field a specillle~l of Uncites gl'yplm8, in the .J ermyn 
Street l\lnseum, was obtamed. 

About 30 chains north of Darting-ton House Gycttlwphyllucln 
cwspitosnn& and Smithict Hp)))whi, Ed. and H., identified by 
Nicholson, were found in the limestone. Nicholson gave Dart
ington as the locality for ActiwJ8tl'Oma clatll1'atU1n, Nich. From 
its specific 1l,Ul18, Fili'ullelopol'Cl dW'tinutonen8is was no doubt 
obtained here. The Stl'Olnatopom obtained by Champernowne 
in Pit Pnrk Quarry were not specitied. 

East of ThistledOlrn Plantation a broad river terrace conceals 
the contilll1ation of the limestone, which is visible on its margin, 
by the alluvium, for a distance of 10 chains south from the 
underlying diabase. For 30 chains further south, slates are 
present. AtJ',llpa l'cticulal'i8 vms found in them on the west 
of the riYer terrace. A band of tuff is here shown on the 
map; it completes the elliptical strike over the interval where 
the limestones are absent. 

Just north of the timber yard in Park Lane, Dartington 
House, a well was sunk to a depth of 30 feet in dark grey 

* (I U(lI't. Journ. lieol. 80c. vol. xxxv., pr. n7-68, IB79. 
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slates calcareous in the lower part. Between the timber yard 
and the outbuildings, behind Dartington House, limestone i; ex
posed, but no evidence of its persistencc, along the north
east and south-west direction of its stri:"e, was procurable. 

Fdspathic tnti",; ,ue visible in the slates on the high ground 
north of Darrington Honse. in the b,tucl on the east of the 
Honse, above mentioned, and in the grounds south-west of the 
House. 

The sbtes of Stavertoll contaill a fe,,- beds of slaty limestone 
in the Ashburton Bmnch Line section, noar their juilCtion with 
the prolollg,ttion of the Park Copse diabase lllass in Sta,yertOll 
wood. Beginning with the,;e slaty limestones, the [ollowing beels 
are exposed in the railway. between the slates of Staverton and 
the Little Hempston limestone:-

1. Buff and grey slates, with a few beds of 6laty limestone, junction with 
diabase not exposell. 

:2. Diabase for a distance of twenty chains. 
;3] and a". Intercalated slates and limestones overlain by limestone, with 

occa~ional slaty parting.', and blui~h-grey distinctly-becldell partly crinoidal 
limestone, also exposell in a quarry in the wood above the Line. The lime
~tone beds vary from two or three inches to two or three feet in thicknes~. 
Parosites and C!lsti)lhy11llm were noticed in the cutting. These beds form 
the cutting for 17 chains; they are the continuation of the Dartington 
limestones from Thistlepa,rk Pbntation. 

,1,. Dark grey partly calcareou~ ~lates, similar to those turned out of the 
well on the north of Dartington House, exposed for four chains. 

5. A hard grey felspathic tuft" bed, well expo~ell in a quarry above the 
Line, oyerlies the dark slate,::, and is succeeded by slates with irregular bands 
of tuff here and there, which form the cutting for four chains and pass under. 

6. Slates with beds of limestone, about a chain in breadth; and either 
overlain by, or fil,ultecl against, 7. 

I. Slates for about 10 chains, dipping eastward under :-
8. Bluish grey limestones with intercalcations and partings of slate. 

This band lllay be X o. 6 shifted hy fault or fold; it canllot be traced 
further north than a point (wuth of Parsonage Farm) on the slope above 
the appearance of 6 at the base of the cutting. 

9. Slates with bands of tuff separating the limestone horizon (8) from 
slates ,vith lilllestone beds which form the border of the Little Hemllstoll 
limestone. 

Following the rocks along their northerly or north-north
easterly strike from the cutting·, we find that the diabase 
(~o. 2) and oyerlying limos tone (3) attellll<lte and disappear at 
Reeyacre Cross. whilst the oYerlyillg' beds, X os. 4 and 5, increase 
in bre'tdth fron~ eight chains in the ~cutting to twenty-two chains 
at Buckyett, tuffs being irregubrly cleyeloped in them in a con
tinnous mass, directly above the limestone (3), and in irregular 
patches near Buckyett. South of Buckyett the slates and tuffs 
are bounded by hard bluish limestone beels (with a sonth-easterly 
dip of 40°, in a quarry near Parsonage Lane). ~imilar lime
stones associated with slates fire exposed north of Buckyett, 
and dip off' the slates and tuffs in fin ea'lterly direction. The 
same calcareolls btLnd has been continued, on the eyidence of an 
exposure, north of Longford Bridge, and of. pits and slight 
indications, ronnd the coarse and fine tuffs of Ford Cross as far 
as Fish11,cre Cross, ·Whether in a persistent limestone ZOlle or 
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not, these limestone occnrrences are evidently on the same 
stratigraphical horizon, and they appear to be the northerly 
continuation of :No.6, and perhaps :No.8, the limestone horizons 
in the cutting. The attenuation of limestone No. 3 (continua
tion of the Dartington limestone mass), which is associated with 
slates near Reeveacre Cross, makes its correlation with the Buck
yett calcareous band probable, and both are no doubt cut off by 
the east-north-east and west-south-west fault which throws the 
tuffs of Ford Cross against the limestone of Fishacre. 

To return to the cntting, the slates and tufts No. 9 have a 
breadth of only five chains, but tracing them along the border of 
the Little Hempston limestone, they are found to fill the in
creasing space between that limestone, which strikes in an 
easterly direction, and limestone No. 8 in l..he cutting which 
strikes northward; and continuing to Bycellar Bridge (on the 
G-inch scale map) they exhibit patches of tuff here and there, and 
also coarse tufts or volcanic breccia in places. These slates and 
tufts are separated by blue-grey slates from the series near 
Buckyett. It seems certain that the tuft'-bearing slatos Nos. 5 
and ~) are repetitions of the same series. 'Vhether the calcareous 
horizons 6 and 8 are the sallle or not, there can be little doubt 
th;1t they severally belong to the Dartington and Little 
Hempston masses in an area where showers of tuff and muddy 
sedimentation rendered continuous coralline growth impossible, 
or very partial. 

In the railway cutting at Bycellar Bridge blackish contorted 
slates, with irregular beds of dark calc-veined limestone, are 
overlain by slates, or shales, with tuff in places; appearances of 
irregularity in the junction are probably due to the intersection 
of sharp plications along theIr strike. The calcareous beds 
cannot be traced southward by surface evidence, but an ex
posure in the railway cutting north of Little Hempston Bridge 
connects them with the dark slates and limestones exposed in 
the road section leading to Little Hempston Bridge (on the 
north side of the Little Hempston fault), which have already 
been referred to. 

In the railway cntting, north of Little Hempston Bridge, dark 
slates are shown with beds of dark blue limestone, which are 
much contorted and seemingly impersistent. N ear this tufts 
are visible in the slates. 

The road cutting in Penny's 'Vood opposite Bycellar Bridge, 
proceeding southward, shows successively:-

Pale greenish slates, or shale~, for a few feet. 
Lilac or Indian red slates, or shales. 
Grey and greenish sh,tes, or shales. 
Even shales with beds and lenticles of limestone. 

This calcareous horizon, of which limestones occupy but a 
slllall part, is from 15 to 20 feet thick. It cannot be traced far 
on its strike. It is bounded by irregular grey clay-slates in 
which, tow~ud Red Post, traces of tuff are found. . 

East of Pen ball Cross masses of coarse tuff inosculate with 
t hid~ slates, 01' mudstones, containing Zaph1Ynt is, badly preserved 
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brachiopods, etc. Between Bittam's Barn and Penball Cross 
thcre is an exposure of limestone associated with slate. This 
might be a continuation of the calcareous horizon in Penny's 
Wood shifted by fault. It cannot be traced north of Bittam's 
Barn. 

North of a line dra,m from Tallyho Bridge eastward to Red 
Post grey slates, apparently without limestone bands or traces 
of voleallic rock, occur between the Battleford Copse limestone 
and the tutts and limestones of Fishacre. 

B9tween Bittam's Barn and Penny's \Vood red and green 
slates are visible. At ForO. Bridge slates of an indian red tint 
occur. Between Bittam's Barn and Battleforcl Copse lilac tints 
are noticeable, in places, in the slates. III the road from Ford 
Bridge to Reevacre Cross grey slates, ,,~ith a cleayage clip of 42° 
south-east, are shown to dip at 40" north-east by brown 
fossiliferous bands, in which slllall impressions of a shell (not 
unlike CCI:,'diuln p,ilJlwtllm, but with no signs of ornamentation) 
were notlCed. 

Near its termination, the Dartington limestone is exposed to 
a depth of from 15 to 20 feet in quarries south of Reevacrc 
Cross; the rock is partly red, and rests upon a few feet of red 
and butt' tuft's which separate it from the hard diabase below. 
This is important, because. there is not sufficient evidence in 
Dartington Park to proye whether the diabase is intrusive or 
contemporaneous, or partly intrusive partly etfusive, and the 
presence of the tuff on it tends so show that the larger mass was 
probably a laya. 

The slaty margins of the limestones and the obyiously close 
relationship of the dark slates with limestone bands with the 
Dartington and Little Hempston limestones-whether they 
denote an upwaro., downward, or horizontal passage into them, 
and whether the tuff bearing slates are above or below the dark 
slates with limestone bands-certainly proye that the limestones 
in Lhis area are largely replaced by slates, and that this was 
partly due to ,showers of tuff rendering the waters unfit for the 
extension of the coralline g'rowth. 

No distinction can be c~ drawn between Eifelian slates and 
slates, etc" replacing limestones, in the district north and nort h
e,lst of Staverton rind between Battleford ('opse and Fishacre 
Bridge. 

At ~ishacre dark grey thin-bedded limestones, partly shaly 
and wlth a local tendency to pass into slates, or shales, are 
faulted against tuff-bearing slates. These limestones can be 
traced for forty-five chains \,'est from Fishacre. Their continua
tion with an adjacent band of similar clark limestone, on the 
north of Ringswell Cross, is very probable. The last-mentioned 
bane,- is exposed in three qlHlrries, in which the clark-blue calc
veined limestones occur iu the slates, but caunot be traced to 
the Ambrook 

At Great Ambrook the slates contain traces of crinoids and 
Fenestellrt; west of Little Am brook ",1 tl'YJ)(~ and other 
brachiopods, very badly preserved, arc to he found in them. 

i052 H 
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A little dark limestone is exposed in the slates on the south 
of the eastern termination of the band. North of its western 
termination there are some slight evidences of the continuation 
of the Fishacre limestones by slates with occasional beds and 
lenticles of limestone in a northerly direction to Broad· 
hempston. These are indicated and greatly exaggerated by the 
band on the map. 

At Bow Mill the ,"lates are partly knubbly and calcareous. 
Blue slates, partly calcareous, have been turned out of a well 
south-west of Broadhempston Vicarage. Limestone lellticles 
occur in the slates in the west part of Broadhempston and at 
Sneydhurst, near the Vicarage. Thin bands of limestone were 
observed in the slates, near the sharp bend in the road to 
To rbryan , south-east of' Broadhempston. The Broadhempston 
limestone is no doubt a development of these calcareous 
manifestations, so that its boundarIes cannot be r~garded as of 
much. stratigraphical value. The limestone is exposed in three 
quarrIes. 

On the south of Kiln Cottage dark-grey calc-veined, more. or 

FIG. I3-QUARRY SOUTH OF KiLN COTTAllES, NEAR BROADHEMPSTON. 

less crinoidal, thin-bedded limestone is exposed to a depth of 
20 feet, but the beds are thrown into sharp zig-zag plications 
and, in one place, faulted. East of Elbridge Cottage thin-bedded 
bluish calc-veined limestones, partly shaly, are exposed to a 
depth of 25 feet. The only fossils noticed were crystalline 
crinoid joints. Here again the beds are plicated in sharp zig-zag 
folds, so that the true thickness is [robably much less than 
half of the depth exposed. West an north of BroadhempstoLl 
the slates are partly calcareous-perhaps also between Simpson 
and Torbryan Mill. North of Port Bridge, by the road to 
Beaston. Cross, there appear to be traces of limestone in the 
slates. At twelve chains north of Kingston Barton signs of 
limestone beds in the slates were observed in a drain. 

Champernowne's map shows limestone trending south-west to 
some springs Oll the south of Sparkwell Cottages. An old pit 
east of Sparkwell also suggests the presence of limestone. The 
patch shown on the map is merely meant to emphasize these 
slight proofs of calcareous beds, which could not (as in the case 
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of the broad band south of Broadhelllpston) be shown otherwise 
than by lines, within which limestone lllay be sparingly, prcscnt 
in thc slates A.t ten chains south-e,ist of Kingston Barton, 
beds of crinoidal limestone dip in a south-easterly direction, 
but cannot be traeed along their strike. On the south of Bow 
Bridge blue-grey slates, 'with yeins of rale-spar anci oeeasionally 
of quartz, are exposed in quarries. The dip of the schistosity 
varies from an easterly to a south-south-east direction. Further 
south, a thin brown "banci in the slates between "\Yaddons and 
Waddons Cross suggests decomposed limestonc. A t a quarter of a 
mile south of Spark well an inacessible pit, filled with w'lter, affords 
no eyidence, but about ten chains further south (ncar Barnton
hill Cross) slate with occasional limestone lenticles has been 
quarried. "\Yest of Barntonhill Cross, probably in line of strike 
with the above, bluish grey shaly limestones, associated with 
ealeareous slates, are exposed in a quarry. South of this, 
bands of igneous rock occur in the sbtes in three places; but 
beyond the aetual exposures they cannot be tmced; ncar one 
of them, cast of Fursdon, there is a pit in dark bluish grey shaly 
limestone in irregular lamime, or beds, thiekening in places 
from an eighth of an inch to three inches. The lamime are 
contorted, pyrites is disseminated in cubes. Fossils are scarce 
and difficult of extraction: StJ'cJ)turhYJlclws ,,'as noticed, These 
limestones, and calcareous manifestations, and the traces of 
igneous rock are probably parallel bands. 

Fossiliferous brown lenticles occur in the slates west of Staverton, 
On crossing the Dart on the south of the village, therc is a 
small patch of felsitic rock in the slates in the river bank. 

A mass of igneous rock occurs on the hill north of Sparkwell. 
Torcol'll Hill (on the north margin of the map) is capped by two 
patches of igneous r~ek; in the larger, porphyritic dolerite 
,lnd sheared amygdalOldal rocks are exposed. At \Vell House 
and Houndhead, on the south side of Broaclhempston, a small 
patch of igneous rock (tutt' 7) is visible. There may be a patch 
on the west of Simpson. These may be connected with the 
igneous rocks of Coppa Dolla on the north (in Sheet 339). 

On the cast of the Ambrook patches of tuff, or schalstein. 
occur on the borders of the limestone of Newhouse Barton, and 
ncar the borders of the lpplepen mass south of Odey Common. 

At Newhouse Barton the limestone is shalv. Its northern 
bouIHtary is a fault. The limestone of Yal:neforcl Copse is 
faulted against the southern end of the Ipplepen mass; the 
lower beds seem to be intercalated with red slates. The lilne
stones arc exposed in a quarry north of Eastwell Barn; they 
seem to be much contorted. ActiJlost),01H(L Hebbm'lleYlSC, Barg., 
indentified bv Nicholson, was obtained in them. These 
limestones pl~obably occupy inyerted and faulted synclines in 
the slates, and the Battleford Copse limestone may be placed in 
the same category. They lllay therefore be regarded as a eontinu
ation of the lower parts of the Ipplepen limestones. 

The Ipplepcn qwtlTies near Barton House exhibit 50 to GO feet 
of grey and bluish, red-veined, limestone, intersected by ('ale-spar 
W~ ll~ 
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filaments, elc. The bells are of irr0gubr thickne3s, in place,,; 
furnishing blocks 12ft. x 401ft. x 3ft., furnishing ornamental 
marble on being polished. No organisms were obtained, In 
one part the rock is of a dolomitic and saccharoid aspect, staineq. 
blackish (probably by umber or manganese). It has been 
dissolved in a large irregular pothole which was filled with clay 
and stones. This soluble character recalls parts of the Brixham 
mass. A few chains north of Barton House, compact shaly 
reddish limestones, traversed by a thrust fault, are exposed. 
Further west, near the borders of Orley Common, brown stained 
dolomitic limestones have been quarried. OannOp01'(L 1'(onos(t 
was obtained in .one of the quarries, and Cyathophyllum, 
veTlltictLltlTe, Goldf. identified by Professor Frech. 

Between Barton House and Yarnet'ord Barn grey limestones, 
partly crinoidal, partly of a saccharoid dolomitic aspect, are 
exposed. On the margin of the limestone, thin-bedded crinoidal 
limestones are exposed on the south of Orley Common, and 
below Orley Quarry where they are associated with red sla,tes. 
,Vest of ,V ell Barn there are lenticles of limestone in the slates, 
and shaly limestones occur west of ,Vood Barn; these beds are 
apparently at the base of the Ipplepen mass, and above the 
slates on the west; they may be represented by reddish crinoidal 
limestones which crop out at the ,Yellington Inn, Ipplepen. 

On Hannaford Hill and in Beltor Quarries pale grey limestone 
apparently unfossiliferous, form a mass, probably separated by 
denudation from the Ipplepen limestones; cut off by fault on 
the south along Edgelands Lane: and elsewhere overlying slate;:;, 
with traces of volcanic rock east, and south of ,Vrigwell Cross, 
and with a patch of igneous rock and a trace of limestone 
near Blackstone. Near Combefishacre Bridge there is another 
trace of volcanic rock in the slates. 

Between Combetishacre Bridge and Bulleigh Barton there are 
t.hree masses of limestone. The westernmost is exposed in the 
railway cutting on either side of Wrigwell Bridge. Commencing 
on the east, we encounter tolerably thick even-bedded limestones, 
with intercalations of shale . and thin-bedded limestone; 
these may be faulted against slates, on the east, in which there 
are traces of tutfs at Cockleford Bridge. If not reduplicated by 
contortion these beds would be about 50 feet thick; they are 
succeeded on the west bv about 15 feet of thin-bedded limestone 
and calcareous shales with occasional thicker beds of limestone, 
on about 30 feet of reddish shales with thin beds of limestone 
and occasional impersistent thicker beds. The face of Wrig
well Quarry is along a fault, marked by limestone breccia. At 
about tweh'e chains north of ,Vrigwell Quarry a well was sunk to 
a depth of 30 or 40 feet, without obt.'l,ining water, in reddish and 
grey slates and shales, partly calcareous, and associated with shaly 
Iimestones and occasional impel'sist.ent limestone beds. On the 
west of the well shaly limestone is exposed overlying slates. The 
calcareoHs beds are probably cut off by a west-north-west fault, on 
til: north. Sonth of the rail way the bddd limestones form Wrig
well Hili,allc1 in Hoster Wood (2ualry exhibit an inverted anticline. 
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Between Wrigwell Quarry and Kittymore Linhay a small 
patch of limestone, containing Pa,cl!ypora cervicornis, seems to 
rest on, and pass downward into, chocolate-red slates. 

The beds penetrated in Dainton Tunnel are dark slates with 
oands of tuff. Tuffs are evidenced in the slates near Dainton Elms 
Cross and Bulleigh Elms Cross, and in the cutting at the southern 
end of the tunnel, where the slates are also fossilifmous and con
tain limestone lenticles. 

The tunnel is apparently traversed by a fault which forms 
the eastern boundarv of the mass of limestone on the 
south. This limestone is separated by greenish slates from 
the Wrigwell mass. Near its eastern margin alternat
ing thin and thicker even beds of limestone, with a south
easterly dip, are exposed in a quarry. A quarry in the 
south-eastern part of the mass showed thin even-bedded, dark 
grey, calc-veined limestones sharply inverted. They contain 
Hel1'olites poroaus, Fcwosites G1'istatu8, and Actinosi1'onw 
IJI'1TUCOsum, identified by Professor Frech. The dip is in 
a north-easterly direction. Near the north-eastern border grey 
and bluish-grey coralline limestone is exposed, containing 
Pachypora c(;1'vico1'Ylis, Stric[topo)'a clenticul(ltc~ and Smithia 
H ennnh-i. Near this, on the west, Stromatopo1'C[ concell t1'ica 
and GnunopU1'a were obtained. The centre of this limestone 
mass consists of slates with intercalated thin beds of limestone; 
these . may indicate an upward or downward passage into 
slates. 

In the third mass, near Bulleigh Barton, from 40 to 50 feet of 
even-bedded limestone, dipping. south-east, at 25° to 30°, is 
exposed in a quarry. At six chains to the north of this, 
PcwhypoJ'(' ce1'uicornis was found ~n limestone dipping east at 
15° The eastern boundary of thIS mass also appears to be a 
fault which, prolonged, forms the western boundary of the 
adjacent mass on the north. The latter is well exposed near 
Dainton Bridge, and is faulted against the 'Whiddon and 
Kerswell Down (in Sheet 339) mass at its north-eastern 
extremity 

The schalsteins, tuffs and slaty green basic rocks of Blair Hill 
and North \Vhilborough are, nG doubt, a development of the same 
general stage of vulcanicity denoted by the tuffs near Ipplepen, 
Bulleigh, Elms Cross, etc., and are below the limestone on the north 
margin of the map. This limestone (the \Vhiddon and Kerswell 
Down mass) is pale. grey, whitish, pinkish, and compact, ancl 
resembles the higher parts of the Brixham and Torquay masses. 

The sbtes which bound the yolcanie rocks on the south contain 
f03sils, amongst which RetepoJ'I.," 1'epistCl'i(~ was recognised; 
Stl'eptm'hynchlks and other BrachIOpods are to be found in them 
between Bulleigh Cross and Bickley Pond. Stellate sponge 
spicules (?) wme noticed in Mill Lane near Compton Mill, and In 

Windmill Lane, further cast, Phacops, StnptO'l'hynclws, and 
Crinoids. . 

The Whilborough limestones commence in Windmill Lane, 
where it small patch passes down into slates with brown 
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fossiliferous lenticles. This patch seems to be shifted by fault 
about ten chains eastwa.rd, whence the slaty beds continue 
northward, the thicker limestones disappearing, unless shifted by 
fault to South Whilborough. 

At South Whilborough dark grey even-bedded limestones, 
veined with calc-sp~r, shaly in part, and intercalated with 
shales, are exposed III a quarry. They are much contorted, 
being in part vertical and furnishing easterly and southerly 
dips. 
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CHAPTER V, 

UPPER DEVONIAN. 

Prior to 1889 the occurrence of Upper Devonian strata in the 
area was proved by JIr. J. E. Lee's discovery of the Budesheim 
fauna, in reLlllludstones faulted against Lower Devonian rocks in 
Saltern Cove. Petit Tor Combe had always been considered as 
an example of itnticlinal strnctUl'e, the red slates in the centro 
being overarchecl by the limestones on either side, in De la 
Heche's sections. The inverted junctions of red slates with the 
I Isham limestone, and in ElbUl'y Cove, south of Paignton, with 
the BrixlHtlll limestone, had been regarded as natnral junctions. 
The presence of' Upper Devonian rocks in these localities ha~; 
been proved by the discovery of fossils, by corresponding litho
logical characters, and by the working out of the stratigraphical 
relations. The lower zone of the continental Upper Devoniall. 
chiLl'acterised by Rhynchonella cubnicle8, cannot be separated 
Ol1t, and so the upper part of the limestone masses, whieh, no 
doubt, represent it, have been included in the description~\ 
of the MIddle Devonian in the previous chaptcrs. In the 
LUJllmatoll limestone, where Rhynclumclla c1[lil)iuf's is plentiful. 
8u',:JlgoceJ!hallls has also beel! fOllnd, but in the PetitOl', T1shalll 
and Deyil's Point lilllestones, and the limestone oeds of 8altcm 
Cove, Goodrington, Goodrington Park and Elbur,Y, which arc 
hOlllotaxeous with the ZOlle of Rh. cnboide8, that fossil has not 
been found. 

Petit To)' Combe. 

Petit Tor is a boss of grey coralline limestone which descend~ 
to the beach in a cliff, separating New Red rocks on the snrmni t 
from red slates at its base. On the face of this wall of rock 
patches of irregularly shaly, liver-coloured, limestone are occa
sionally met with. These resemble the Lower Dunseoml::c 
0011 i((tite limestone, find it diligent scarch was rewanled by the 
(liscoveryof (/o1li((tilr8 8((yittUI·iw.; in them. The limestones 
on the o'pposite, or sont hern, side of the COlli be Hxe irregulHrl) 
tlil,llk!,d by similn,l' shdy limestones Hssociitted with red slatef', 
here 1tlso, Go II iI/tiles were found. The grey limestones han: 
here an appearance of nearly horizontal bedding, apparently due 
to planal cracks, or movements, traversing vertica1ly zig-zagged 
hedding, and nipping in pieees of the liver-coloured (;'oniatile 
limestone. The soft red greenish-spotted slates, neal' their 
junetion with ~he lil~lestOl:lO, .exhibit gently !nclined cleav~g(' 
dips, the beddmg bemg mdlCated by vertIcally undulatmg 
greenish bands, These slates form the low cliff by the beach; 
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their aSsoClatlOn with the massive limestone, on the south, is 
so irregular as to suggest severed masses of limestone squeezed 
into them. 

The structure of Petit Tor Combe* is therefore clearly a syn
cline of Upper Devonian Slates, irregularly based by shaly Go'nia
tite limestones, and in direct, but contorted, relation to lime
stones equivalent to the upper part of the zone of Rhynchonella 
cubaides. 

Anstey's COlle and Ilshcon. 

The limestone of Devil's Point, on the north side of Anstey's 
Cove, seems to be faulted against red and greenish slates with 
irregularly lenticular red shaly limestone associated with calcare
ous tuff The cliff under the Ilsham limestone is composed of 
red and greenish slates containing Posidonomya venusto" and 
Entarnis serTatostriat(~ (identified by Prof. Rupert Jones). On 
the borders of the Ilsham limestone, compact, irregular, shaly, 
reddish, whitish and greenish limestones are found. They are 
the representatives of the Gonicdite limestones of Lower 
Dunscombe, and of Petit Tor. Compact concretionary limestone 
(the Krarnenzel of the Continent) also occurs in the slates, which 
contain friable nodules (the K nallen Kailc) in places. The con·· 
cretionary limestone is well shown on the border of the grey 
limestone, near Stoodly Knowle, behind the barn of Ilsham 
Manor, where it rests on red and green slates. N ort h-east of 
Ilsham Manor the slates exhibit spilositic alteration near a 
patch of diabase, not far from the Black Head mass. A small 
patch of diabase als0 occurs on the west of Ilsham Manor, but 
dlere is no evidence for the continuation of the Upper Devonian 
slates between the Ilsham and Asheldon Copse limestones. 

De la Bechet figured a section on the coast near the northern
most projection of Black Head, rather more than a quarter of a 
mile north of Smugglers' Cove. In a distance of about 130 
yards (see Fig. 14) a projection, at the foot of the partlyover
grown cliff-slope of the diabase, is formed by a mass of grey, 
yellowish-weathered, fine-crystalline limestone, from 20 to 30 feet 
in thickness, containing Al1.;eolites, Cyatlwphyll1.Lm ca!Spito81tm, 
alld St1'omctiactis. The limestone is intersected by a fault with 
a south-east downthrow of a few feet, from which it dips steeply 
toward the south-east, and exhibits a greater thickness than on 
the other side of the fault. It is here overlain by compact, 
knubbly, and thin shaly, limestone, identical with types of the 
Gonintite limestones. In this a badly preserved Goniatite was 
fOllnd. These materials, in association with purple and green 
schalstein, or calcareous tuff, and seams of limestone, pass up into 
red and green slates, or slaty shales, overlain by indurate~ dark 
(YICY and green slates at, and near, contact with the dIabase, 
goth rocks being intersected by calc-spar veins. These Upper 
Devonian slates attain a thickness of 10 feet or more, at the sea 

.. See Fig. Hi, page 109. 
t "UeoloQ'ical Manual," 1832. 2nd Edit., p. 496. 
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level, but they attenuate rapidly upward, between the diabase 
and the limestone. On the north-west side of the fault the 
lower beds of the slates associated with the calcareous tuff and 
compact limestone seams and lenticles, are only partially (a') 
visible on the surface of the limestone, which is in contact with 
the diabase projection at the sea level. 

On this side of the fault the limestone rests somewhat 
irregularly on (c )-buff, purple, and green schalsteins, full of pieces 
of compact reddish and grey limestone. near the jUll(;tion, and 
containing seams, impersistent bands, and (coralline?) nodules 
of limestone lower down. The upturned edges of the schistosity, 
which seems to be the bedding planes of the schalsteins, are cut 
oft· by the limestone above, so that the junction seems to be a 
tituIt, or thrust, which has been shifted by the fault that traverses 
the limestone, so as to allow very little of the schalstein to appear 

o 

FIG. 14. NORTHERN POINT OF BLACK HEAD. 

(Length of section about 6 chains). 

NW. 

a·. Dark grey and green slates or shales indurated at, and for a few feet below, 
con act. 

(1 and a? Red and green slates and slaty shales, with occasional limestone 
selLms, and purple and green schalstein, or c"lcareous tuff. At 01' near contact 
wit'" b, compact knubbly limestone, and thin shaly limestone represent the Upper' 
Devonian Goniatite beds 

b h. 2t) to 30 feet of grey fine-cl'ystaIline limestone with corals, weal hering 
yellowish. 

c c. B'lff. purple and green schalsteins, full of pieces of compact re,ldi hand 
~rey limestone near junc! ion with b, on,l containing, lower down, se ,ms 11.,,<1 
i "pe sistent. bands and norlules (? coral.) of limestone. 

JJ D. Diabase. 
1'. fault. F? Apparently faults or thrnsts. 

above the water level on the south-east side. The limestone and 
overlying Goniatite beds and slates are probably separated from 
the diabase above by a fault, or thrust. These strong proba
bilities of displacement render the actual relations of the lime
stone to the diabase above, and schalsteins below, very 
doubtful. 

The signs of schalstein above the limestone, here and in 
Anstey's Cove, prove that the emission of the diabase took 
place on the outskirts of a volcanic region, which was active 
tIming the deposition of the Goni,utite beds. It is possible that 
the smaller patches of diabase were vents from which the Black 
Head mass flowed, its oruption being heralded by showers of 
ash, incorporated with the Goniatite beds, and that earlier 
ol'llptions, put It stop to the growth of the'llsham coralline lime
stone for a time. In other words, the thick limostone bed in 
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this section seems to represent the latest stage in the growth of 
the Ilsham limestone, and before this the schalsteins beneath it 
had put a stop to its growth for an unknown period. This is 
analogous to the Saltern Cove succession. 

Saltern Cove. 

At five chains north of Saltern Cove a mass of New Red breccia 
rests unconformably on red shales and grits of the Lower 
Devonian. These are faulted against chocolate-red, broken, and 
contorted slaty mudstones of the Upper Bevonian. The fault, 
owing to talus, etc., is not clearly seen, either in the cliff or in 
the adjacent railway cutting, and further west the evidence is 
very unsatisfactory. Proceeding southward along the coast. a 
nearly vertical wall-like mass of limestone, nodules, or flat ovoid 
lenticles, is encountered in the mudstones, the longer axes of 
the lenticles are tilted east 40° north, at an angle of 150

, which 
represents cleavage. Near this, at a few feet above the beach, 
the small Goniatites, Bach'ites, and C'a1'(liolce of Bndesheim type 
are found. A little promontory separates this part of the coast 
from Saltern Cove; the slaty mudstones, of which it is com
posed, are in places thickly studded with irregular patches or 
lenticles of limestone; here also the characteristic fossils are to 
be found. 

Mr. Lee's list* obtained from these places is as follows :-

Goniatites auris, Quen8t. = Tornoceras auris. 
G. retrorsus, (Juenst. = T. simplex, 1). Buck. 
G. Ausavensis, Stein=T. Allsavense, Stein. 
(t. prill1onliulis, Qnenst. = (jephyroceras orbiculus, Beyr. 
O. Gerolsteinus, Stein=Geph. calculi forme, lJeyl'. 
G. prumiensis, ,,""tein. 
Orthoceras Schlotheimi, Quenst. 
Pleurotomaria turbinea, Stein. 
~[ytilus priscus, Stein. 
Cardium palmatum (Cardiola retrostriata). 
Crinoidal stems. 

A fault runs parallel with the railway along the inner chff f~ce 
of the cove, shifting the beds exposed in the railway cuttmg 
seven chainsl10rthward on the beach. In the railway cutting the 
red mudstones become intercalated with thin even beds of lime
stone, and rest on a lllass of coralline limestone containing 
PorhYPO/'(1 cen·icorni8. On the beach this lime;stone is seen to 
rest on tufts and schahteins with limestone fragments, as already 
mentioned in the Middle Devonian chapters. Here we have, as 
at Black Head, Goniutite beds-on coralline limestones-,-oll 
sehalsteins; the two cases, but for the Black Head diabase mass, 
would be exactly paralleL 

The Upper Devonian slates certainly extend westward for 
more than half a mile from the eoast. Entmnis serr(~tostriata, 
identified by Prof. Rupert Jones, t was found in theI~, 'but, 

* Geot. Jl.laq.: 1877, p. 102. 
t Ann. and ~lfa[f. of Nat. llist., 1890.1 .. 319. 
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although the eoralline limestone is present, no signs of the 
Biidesheim fauna haye been detected in this direetion. 

Elbu?'!} lind SUrer CO~'e Coust. 

The cliff in Elburv Coye is 30 feet high, and composed of red 
sbtes which appear "as if they dipped under the Brixham lime
stone, whilst on the north they oY8l'lie a series of eontorted thin
bedded limestones with interc,llated seams of red llludstone 
passing clown into the limestone of Elbury, which lllay be the 
top of the Brixham mass. Following the coast frolll BUmry Cove 
eastward, nothing is visible but the contorted grey limestone for 
a distance of fourteen chains, when Ire encounter contorted lime
stone bells intercalated with slates, inyerted oyer red mudstone 
full ot lenticles of red limestone (partly erinoidal). The lenticles 
sometimes occur in beds, as dm;cribOfl ncar Saltern Cove. These 
beds are, here and there, intersected by veins of quartz and con
tain irregubr masses of quartz, and of limestonu partly replaced 
by quarLz. A thick bed of limestone, intensely contorted, form~' 
lL noticeahle feature in the section. In one place a band of con
torted slate, a foot in thickness, marks it thrust plane. A careful 
search in the (inyerted) lower part of the clitl revealed crushed 
Goniatites and Ba.ct?'ites, and very good examples of CUj·diolu 
retl'Ostriata (Cctrditurn ZJalmatwfn). 

Between this section and Silver Coye the cliff, for about GO 
yards, is eomposed of massive grey lime&tone, which forms also 
the eastern shoulder of Silver Cove. The centrc of that covc 
consists ofthe sallle rc(1 heds, much fractured and contortecl. They 
nm inland from the top of the cliff for thirteen chains, flanked 
on either side by massiyc limestones. A north amI south fault.. 
shown at I yv Coye, shifts them northward, but they continu(' 
from it eastw:u'cl, for a distance of thirty chains, on the limestone 
plateau. In this extension the reel slates seem to be associated 
with schalsteins, or folspathic tuff,;. 

In Fishcombe Cove red slaty nllldstolles, associated with tufts, 
Me wedged into t,he grey limes~one by faults, and also form a 
narrow Imnd runmng for some dIstance westward from the coast. 
:N 0 fossils have been found in the red sIRLes west of Elbury Cove: 
felspathic tuffs, as already mentioned, occur in them in places, but, 
as elsewhere explainecl, it is impossible to clistinguish slate:; 
above the Goodrington limestone from slates below it, without 
stratigraphic,d eyic1encc of the presem:e and persistence of that 
limestone. 
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CHAPTEH VI. 

NEW HED SANDSTONE SEHIES. 

The interval between the deposition of the Upper Devonian 
and the accumulation of the basement clays, breccias and con
glomerates of the New Hed series is everywhere marked by a 
Kreat unconformity. At Marychurch and west of Torquay the 
New Red rocks rest on Eifelian and ~Iiddle Devonian slates and 
limestones; at Cockington and in the Paignton district upon 
Lower Devonian strata. 

Deri'mtion. 

The New Hed rocks of the area are for the most part of strictly 
local derivation. The clays of Petit Tor and the fine breccia 
associated with them occupy the lower ground on the north margin 
of the area, and are distinguished by a lighter tint on the map, 
as far as the Compt.on Castle yalley; although it is not possible 
to trace them further as a distinct series, it 'must not be inferred 
that they are necessarily elsewhere oyerlapped by higher beds, 
but simply that they are no longer lithologically distinguishable. 

The Upper and Middle Devonian slates furnish a ready ~ource 
of derivation for these beds. The name, Watcombe clays, has 
been given to them from the fact that the celebrated Watcombe 
ware is manufactured from the puddled clay obtained from them * 
at the head of Watcombe Combe. The coarser New Red beds 
consist of conglomerates and breccio-conglomerates-with frag
ments of Devonian limestone, grit and slate, and of igneous 
rocks, in a sandstone matrix, and with intercalated. beds of sand
~,tone-and of breccias with fragments of grit, slate and limestone, 
or of grit and slate, or of slate only, in sandy or loamy matrices. 
Tn every variety the source of deriyation of the. majority of the 
included fragments, and the local character dlsplayed by the 
rocks, may be traced to the neighbouring Devonian limestones, 
grits and slates. ., . . 

As regards the igneous fragments, more espeCIally 111 thc chfi
sections, doubtless HHWy might be found which could not be 
traced to exposed sources within the present coast limits of the 
district. 

The variability of the New Red rocks renders the tracing of 
fwlts in them a mther unpr05table task, but that such 
y:uiability may be locally due to the faulted conjunction of 
clitl'erent horizons is rendered probable by the hequent instances 
of faulted boundaries with the older rocks, and by the numErOUS 
~ mall faults shown ill the coast sections. }'aults run in many 
(:irertions, Those runlling north and /;Quth firC evidently the 
htest, hut there appear to be north and south faults affecting 

•.. ," W. A. E. e::;sber, on ,. The Age and Origin of the Watcombe Clay," 
"rl/l'. De,'o7/. Assor. fnr 1877, 
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the Devonian only (viz., eilst of Aptor). The higll di'p~ locally 
observable in the New Red as in OJdicombs B:uch cltd:; and at 
Petit Tor, are always accou~ted for by the proximity of faults. 

Wntc01n~e Clays. 

The Petit Tor section exposes lower beds of this series than 
those m Watcombe Combe; these consist of red clays, or shaly 

II 
'" " ..s:: I/) 

.s t: 

.... . marls, with beds of sand (an argilla-
~ S ce01\S paste of comminuted slate 
~~ fragments), and of rubbly breccia 
3'~ at junction with the Devonian 
~ ~ limestone. The clays are cut off 
E CI against tIle newer conglomerate by 
B 8 fault.. The Oddicombe Beach New 
~ ~ Red rocks are faulted on both sides. 

They consist of breccia, breccio
conglomerate, and sannstone, inter
calated irregularly, and evidently 
belonging to the beds above the 
\Vatcombe chys. 

On the souUth-west side of 1'01'
quay cemetery, the brick pits at 
Old Wood exhibit sectiOlls of dark 
red - brown, or purplish - bro\\'ll , 
clunchy clay mixed with masses of 
sand, or very fine breccia, made up 
of comminuted Devonian slate. 
H ere and there beds, or lenticles, 
of red clay containing fragments of 
Devonian limestone are interca
lated. In one spot the beds appear 
to be faulted, and present a south
west dip of 35°. 

From their junction with tLe 
overlying breccio - conglomerates 
and breccias in the Torre Raihv3 y 
cutting westward, the boundary of 
the \Vatcombe clays becomes more 
and more indefinite; the lines drawn 
for them near Whilborough and 
Compton Pool merely separate 
distinct conglomerates and breccias, 
from breccia with a more or less 
clayey and loamy matrix, which 
occupies the lo\\'er ground, and is 
very partially exposed. Further to 

the west, the junction of New Red with Devonian is much 
obscured by rainwash on the slopes. Near Combe Fishacre the 
breccias are clayey and loamy in places, but this character is 
often observable elsewhere, and there is no proof that it denotes 
any special st.ratigraph:cal horizon. 
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Cv IIglom£I'/l,te8, Brecc i(1,8, etc. 

The conglomerates are finely exposed in Petitor Crags. In 
~he Oddicombe .cliffs the well-rolled lim.estone pebbles are less 
frequ~nt, the r~ck more often p~esentmg the appearance of 
breccIa, or breccIO-conglomerate, with beds of sandstone, which 
exhibit an irregular ~urface in places, the breccia filling hollows 
probably. due to sl~ght contemporaneous erosion. Conglom
erates WI th la~ge Illnestone pebbles occuPY the high ground 
south of Whllborough; they are associated with breccio
conglor,nerate and breccia, the latter varieties prevailing to the 
west of the Compton Valley. The New Red, where limestone 
fr~gn:~ent.s ~re absent; so~etimes prese?ts a rubbly appearance 
with ll~dIStll~Ct beddmg, m c?lour much re~embling the Lower 
Devoman grIts and shale~ on ItS borders; as m the outlier south 
of Marldon, at and near Occombe, south-east of. Marldon, in the 
outlier at Blagdon Cross, on the west of Collaton Kirkham, etc. 
An outlier is shown on the map between Occombe and Holli
combe, north of Paignton, which, not being exposed in section, is 
doubtful; the resemblance between the rubbly New Red gravelly 
soil and that of the Lower Devonian being very close. At Collaton 
Kirkham red-brown loam studded with fragments of Lower 
Devonian rocks, mostly small, represents the New Red breccia. 

The coast sections at Corbon's Rock and Livermead show 
intercalation of sand-rock in breccia, or breccio-conglomerate, 
and brecciated sand. In Corbon's Rock beds of yellow and grey 
sand-rock are faulted against breccio-conglomerate.. which is in 
its turn faulted against breccio-conglomerate upon yellow and 
grey sand-rock. On the north of Livermead breccio-conglomerate 
rests on red-brown, red, and occasionally grey, sand, witll seams of 
breccia, over breccia or brecciated rock-sand. The limestone 
fragments on this part of the coast are often coated with the 
peculiar annulated form of chalcedony called beekite.* 

In the railway cutting across Roundham Head red sand, with 
buff and grey patches and a clayey band, !ests on conglomerate 
with numerous limestone fragments. aff;)rdmg many examples of 
Leekite structure. A quarry near Paignton tJuay shows purplish 
red grey-mottled loam-on thin even-bedded red grey-mottled 
sandstones-upon breccio-?onglomerate ; separated by fau.1ts from 
brown-red loamy breccia with seams of re~ sand-on reddIsh s~nd 
and loam, brecciated in places, on one sIde; and from purplIsh 
red grey-mottled loam with thin even-bedded red sandstones-
on breccio-conglomerate, on the o~h~r. On the south side ?f 
Roundham Head (Fig. 16) the assoClatIOn of beds of rock-sand m 
breccia and breccio-conglomerate is very marke~. T.he general 
dip is northerly so that the beds on the north sIde of the Head 
are doubtless above these; they are brecciated sand and loam, 
with thin even-bedcled sandstone, and breccio-conglomerates. 

* Vide Penge'lly, Tran.q. Roy. Geol. Sc!c. Corn. vol. vii., p. 309, and"Rep. 
Brit Assoc for l856 Trans. of Sectwns, p. 74; also Pengelly, The 
Geology of 'the North·Eastern Coast of Paignton," Trans. ])evon. Assoc. 
for 1878. 
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A quarry on Primley Hill shows red-brown bedded breccio
conglomerate dipping north at about 13". In some parts 
stones of limestone and quartz predominate, in others, 
fragments of grit and lydian stone (or dark blue-grey tine 
slaty rock). The matrix of coarse sand is largely composed 
of comminuted slate. A large quarry, 50 feet in depth, in an 
orchard on the north-west of Paignton, shows rubbly 

. brecciated loam and hard beds of brecciated sandstone for 15 
feet from the surface, upon thick beds of breccio-conglomerate, 
some of the beds being 2 feet in thickness; the matrix con
sists of comminuted grit and shale, or slate, and coarse sand. 

On the west of Paignton the hard thick-bedded breccia and 
breccio-conglomerate is exposed in a quarry. The contained 
fragments are of limestone, quartz, grit, and a few igneous, 
angular, sub-angular and well-worn, in a hard red sand matrix. 
\Vlthin 15 feet from the surface strips of red sand occur, and 
quartz fragments predominate, limestone being more plentiful 
below. The above observations will show the futility of attempt
ing to divide the New Red rocks of the Paignton area into 
stratigraphical horizons. 

FIG. 16. CLIFFS ON THE SOUTH SIDE OF ROUNDHAM HEAD. 

(Horizontal and vertical scale 1 inch= 120 feet) 

A. Downthrow of 6 inches to the east. 
B. Downthrow of 6 feet to the west. 
C. Dowothrowof 7 feet to the west. Faults shown by displacement of beds 

of sAndstone in breccia and breccio·conglomerate. . 

Near Paignton Cross, by the side of the road leading to 
Goodrington Sands, nearly horizontal beds of red sand with 
bands of coarser sand, or of fine breccia, containing worn frag
ments of igneous rock, are exposed. There is a trace of breccio
conglomerate on the Devonian slate reef in the middle of Good 
rington Sands. Further south the unconformity of the New 
Red on the Devonian is well shown on the coast. A fault which 
rllns coincidently with the Broad Sands Coast cuts off a pro
jection and coast reefs of New Red sand-rock with bands of 
breccio-conglomerate; at the southern extremity of the patch 
~he sandstone is indurated and intersected by numerous calc
spar veins in proximity to the fault. Further south, on the 
west side of Galmpton Point, two very small patches of breccio
conglomerate occur on the beach. 

Mr. A. R. Hunt discovered a trace of New Red breccia on a 
rock reef platform near Compass Cove, south of Dartmouth 
Castle. The extension of the New Red beyond its present limits 
over the Devonian area is also proved by traces of its former 
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presence in slllall outliers, or in potholcs and fissures in the 
Dcyoniau limestone, in thc following places :-

At half a mile north of Stoke Gabriel a small patch of red sand and 
sandstone occurs on the limestone: in its TIcinitv red and brown loam with 
slate fragments masks the surface 'of the limestone. 

On the north of \\' addeton a red clay soil "jth pieces, and occasional 
boulders, of hard X ew Red sandstone, here and there, suggests an outlier or 
the remnants of an outlier. X ear this, on the east, there are signs of two 
small outliers of X e" Red sandstone on limestone. 

In the quarry by the high road near Goodrington, and in two places in 
the railway cutting north of Broadsands, there appear to be pocket~ in the 
limestone filled with X ew Red materials. 

In the Brixham limestone at Ivy Co,e, near Fishcornbe Point, at Berry 
Head. etc .. yertical yeins and dykes of hard red sandstone fill cracks 
and joints in the limestone.* "They suggest the sub~idence of X ew 
Red sand into lines of weakness, enlarged by the percolation of acidulous 
wat",r, by "hich the infillings were cemented in the cracks. ::lome blocks 
of the sandstone occur on the swmnit of the limeswne plain west of 
Fishcombe Point, and also near the Ropery and Paint worb not far to the 
west of Brixhum Rtatlon, where also Mnd and brecciated loam fill fissures 
and pothules in the limestone. There are ~imilar traces between Brixbam 
and Durl Head. X ear Durl Head a small patch of X ew Red sandstone is 
shown on top vf the clift' (vide map). On the west end of a narrow 
indentation, north of Durl Head, a trace of the sandstone (too small to 
indicate on the map) is Yi~ible, 

The hard sandstones aboye referred to are similar to those 
which occur at the base of the X ew Red at, and near, Bishops
teignton, Beyond these proofs of the extension of X ew Red 
rocks OWl' the Deyonian limestone plateaux, there is no eyicienee 
to sho,,' that they ewr coyered the higher lands of the Lower 
Devonian in the south of the map, 

The absence of signs of contemporaneous yulcanicity in the 
X ew Red rocks of the area is accounted for, by their eyident 
attenuation through a conformable o.wrla~, as th~y ar~ trac~d 
northward toward Exeter, the yolcamc hOTlzon bemg hIgher 10 

the series than the strata represented in the map. 
~1r. Hunt's dredging operations in Torbay led him to conclude.L: 

" The sunken limestone and slate rocks of Torbay proye also that 
where they exist the Triassic sandstones, which by the position of 
their rem~ins appear to have formerly filled the greater ,Part of 
the bay, can newr haYe been present to any great depth. 

* Vide Pengellv "On Certain joints and dikes in the Devonian Lime· 
stones (>n' the Sou"thern f hores of Tcrbay," Ceo!. Jf~(!. for 1866, pp. 19-22. 

t "Kotes on Torhay," Tra 1'. S. Dewm, Assoc. for 1818. 
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CHAPTER VII. 

POST-TERTIARY A~D RECE~T. 

Under this head are embraced cayern deposits, raised beaches, 
Head' or ancient talus shed on the old beach plane, submerged 

iorests, fluviatile deposits comprising river terrace gravels, etc., 
and the more recent alluyial flats. 

It is, of course, impossible to indicate the cavern deposits on 
che map, and as regards superficies the raised beaches and the 
submerged forests which are occasionally visible on the fore
shore cannot be shown, yet these phenomena are well repre
sented within the area embraced by Sheet 350. The indefatigable 
labours of the late W. Pengelly in the Torqllay and Brixham 
C:1ves have rendered them notable throughout the scientific 
world. Godwin-Austen, Mr. A. R. Hunt, and others have at
tracted an especial interest to the raised beaches of the Torquay 
promontory and its vicinity, and the researches of Mr. A. R. 
Hunt in submarine geology in TOl'bay, in carrying on the 
investigations of the late ,V. Froude, further contribut.e 
to the exceptional geological interest attaching to this map. 

CAVERN DEPOSITS. 

The facilities which the faulted, jointed, and contorted lime
stone masses of the district afford for the downward percolation 
of surface waters have resulted in the widening of joints and 
fissures into subterranean galleries, shafts and chambers. Into 
these, materials have been introduced from outside between, or 
during, periods of precipitation of calcareous matter in solution 
in percolating water Which, dripping from stalactitic incrusta
tions and protuberances, formed stalagmitie floors. Two fine 
examples of such caverns occur in the district, 1'1::::., Kent's Hole, 
Torqllay, and \Vindu1ill Hill Cavern, Brixham. Besides these 
the Happaway Cavern in t:;tentiford's Hill, Tonluay, and the 
Anstis Cove . Cave have been explored and described by 
Pengelly. It IS probable that many more bone caverns have 
been dissolved in the limestones, which, through their apertures 
being choked up by limestone blocks cemented in stalagmite 
have escaped detection; as the existence of the Windmill Hill 
Cavern, Brixham, was only accidentally revealed by quarrying. 

Kent's Hole is situated in a wooded limestone hill on Lhe south 
of Asheldon . Copse, and on the south side of the road from 
Torquay to llsham. There are two entrances to the cave fifty
four feet apart,* on the eastern side of the hill and nearly on 
the same level. They are situated at about 270 yards due east of 

* See" Lecture on the Ancient (J:we Men of Devonshire," by "\V. Pengelly. 
705:2 I 
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St Matthias Church, and at from 60 to 70 feet above the bottom 
of the adjacent valley. 

The following information is gleaned from "A Short Account 
of Kent's Cavern," by Mr. A. R. Hunt.* The cavern has many 
ramifications from two main parallel passages, the northernmost 
of which exceeds 300 feet in length. The entrance now in use 
is 184 feet above meantide level, and was blocked by debris 
when the systematic explorations beO'an in 1865. . 

The cavern was first explored by the Rev. J. McEnery in 1825. 
His researches established the existence of numerous bones of 
extinct mammalia with worked flints. McEnery's MSS. notes 
were subsequently published by Pengelly. The cavern wrts 
investigated by R. A. C. Godwin-Austen in 1840, and a small 
part of it by the Torquay N atuml History Society in 1846. 
The systematic exploration of the cavern by the British As
sociation, commenced in 1864 under the superintendence of Mr. 
Pengelly and Mr. E. Vivian, of Torquay, was continued without 
intermission until 1880, at a cost of more than £1,950. ",Vhen 
the Association began its work, three deposits only were known 
in the cave, 'viz., a layer of black mould which rested on a floor 
of (granular) stalagmite, which in its turn rested on a bed of 
'cave earth' of unknown depth. The method of exploration 
adopted was the removal of the stabgmite, whatever its thick
ness, with four feet of the subjacent deposit, the latter, in care
fully numbered and recorded portions, three feet long, one fcot 
broad, and one foot deep." In the fourth report of the Ex
ploration Committee the discovery of a breccia of grit, stalagmite, 
and bones was announced, and, shortly afterward this breccia 
was found to be separated from the overlying cave earth by a 
local floor of crystalline stalagmite, whiGh reached a maximum 
thickne"s of twelve feet. 

"The breccia entered the cave from the west and thinned 
toward the east. The cave earth entered from the east and 
thinned toward the west. The true cave earth sometimes over
lay the breccia; the breccia never overlay the cave earth." " The 
fauna of the cave earth included twenty-six species of mam
malia," remains of hyama being abundant. "That of the breccia 
consisted almost entirely of bears, with traces of lion, fox and 
deer." The flints of the cave earth were of two recognised 
pal,,~olithic types, and were associated with implements of 
bone, "whilst those of the breccia were formed of flint nodules and 
chips struek off in the making'." 

Notwithstanding the exha~stive exploration of the cavern, the 
only pln,n of its ramifieatiolls extant is that drawn by Mr. A. R. 
Hunt, from every available material, for the guidance of the 
Geologists' Assoeiation, published in,their Excursion Programme, 
20th M~Lrch, 1900. t 

Probably the, most succinct account of Kent's Oavern to be 
found amongst Pengelly's writings is furnishe.d by the following 

* Presented hy the Torquay Natural History Society to the members 
of the Briti~h A~,c;o~iation visiting 'l'orquay, September, 1898. 

t See also ProG. Geot. Assoc, vol. xvi., p. 437. 
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table, extracted from " Notes on Recent Notices of the Geology 
and PahBontoloo-y of Devonshire "* in which the scientific names " ' of the species found were not given. 

DEPOSITS. 

Black .i1:fould 
CONTENT". 

Stones of various kinds; shells of hazel nuts; 
shells of snails, limpets,whelks, oysters, cockles, 
mussels, pectens, solens and cuttle-fish; bones 
of birds, seal, water rat, rabbit, hare, goat, sheep, 
red-deer, shortfronted ox, brown bear, badger, 
fox, dog, pig, 'lnd man. "Whetstones," angular 
and curvilinear plates of slate; pieces of smelted 
copper; bronze articles including rings, a fibuh" 
spoon, spearhead, socketed celt. and pin; flint 
" strikelights" ; potsherds (including a piece of 
Sami,tn Wa1'0) ; stone" spindle-wheels," a bone
awl, bone chisel, bone combs; amber beads j 

charred wooe( ; a halfpenny of 1806; and a 
six pence of 18e!G. 

G1'amdar St(~!agmite. - Stones of varions kind.~, impressions of ferns; 
shells of cockle and cuttle-fish; bones of bear, 
mamllloth, hy;;ena, rhinoceros, horse, fox, and 

Blttck Eand.-

Cave Earth. 

man. Flint-fbkes and" cores." 
Bones of ox, deer, horse, badger, bear, fox, 

hy::ena, ",ud rhinoceros j 366 flint implements, 
flakes and chips; a bone awl, a bone needle 
or bodkin having a well-formed eye, a 
bone harpoon; burnt bones and burnt wood. 

Bones of lion, lynx, wild-cat, hy;;ena, wolf, fox, 
I.sntis (1), glutton, badger, cave bear, grizzly 
bear, brown bear, mammoth, Rhinoceros 
tichoT'in'lls, horse, wild-bull, bison, Irish-deer, 
red deer, hare, pika, water vole, field vole, bank 
vole, and lf1achai1'odus latidens. ""\Vhet
stoneB," hammer Htone, lanceolate and ovate flint 
fo:d;;e tool8, flint flakes, and "cores" ; a bone 
pm, two bone harpoons, ch"rred wood and 
bones. 

Cr?Jsta~line Stalagmite. Bones of be;11'8. 
jJ1"ecc~a. Bones of bears of various species, including cave

bear; a very few of lion and fox. Flint nodule 
tools and flakes. 

Happaway Cavern is situated in the limestone of Stentiford's 
Hill, Torquay, on the south-western slope overlooking the street 
at 271 feet above mean tide level. Pengelly 'i- gives the deposits 
in descending order as follows :-

"1. Fine light chocolate coloured earth contftining bones and bits of 
charred wood, but few Btunes, average depth about G inches. 

2. 'fenaccous moist dark coloured e"rth, with nnmerons bones, bits 
of charred wood and Btones "bout 18 inches. 

3. Coarse rather Bandy brightish red earth with larger and more 
numerous stones, occasional limestone blocks and pieces of stalagmite. 
Charred wood and bones less plentiful." 

Owing to the absence of separating stalagmite, the relative 
positions of the bones found are not certain. They consist of 
badger, deer, fox, pig, sheep, hare, rabbit, and smaller rodents, 
bat and man (human skull, bones, jaws), two parts of tooth of 

7052 

* Tl'ans. De lion. Assoc. for 1882, vul. H, p. GDe!. 
t 'Prans. Devon. Assoc. for 18H6, p. lUl. 

12 
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l'hinoc81'03, two mob~J of b31,r, oae t;:))~:l of HYJ3iiu, 8pel._e_~, shells 
of cuttle-fish, a periwinkle anJ cockle valve, many of Helix one 
iish vertebra, a few bone3 of birds, and about 50 flint chips and 
Hakes were also found. 

Anstis Cove Cavern* is situated in the northern cliff face of the 
cove, three furlongs north-north-east from Kent's Hole. From 
M'Enery's Notes (1825) there is no reason to infer any evidence 
of an extinct fauna. The cavern is 63 feet in length, 9 feet high 
by 6 feet broad at its mouth, narrowing to 3 feet by 3 feet at 
the end. The downward succession of deposits seems to be:-

In one part 1. Angular debris encrusted with stalagmite 14 inches. 
In another part" Stalagmite - -' - - - 6 inches. 

Upon 2. Stones, shells, teeth, and bones forming a 
compact breccia, containing shells of 
Helices and Tu,l'bo [Cyclosto1na] 
ele{J(~ns, fox's jaw and tusk, bears' tusks 
and teeth, one deer's horn, one young 
horse tooth, a few teeth resembling 
canines of hyama, some slight long 
bones gnawed, probably by foxes - about 1 foot. 

Upon 3. A second stalagmite - 2 inches. 

"The mammals which appear to have been generically identified 
are bear, fox, deer, and perhaps hymna," species in no case 
stated. 

Windmill Hillt rises to a height of 175 feet above mean tide 
level, eastward from the principal street of Brixham leading to 
the harbour. In January, 1858, in quarrying in the upper part 
of the hill, the crowbar disappeared down a small hole in a north 
[lnd south joint. On further excavation the owner was enabled 
to descend and recover the tool, when he found th",t the vertical 
chamber communicated with a "long narrow tunnel" extending 
" southward for about 50 feet, whence a second gallery extended 
westward." The natural entrance, sealed up by angular limestone 
l'agments cemented by stalagmite, was soon afterward opened 

up, whereupon a lease was negotiated with the proprietor for 
the purpose of systematic exploration by a committee under the 
auspices of the Royal Society and the Geologi cal Society of London, 
which was beglln in .l\Iidsummer 1858, and completed (at the 
end of one year) by Midsummer 1859. In September, 1858, the 
results obtained, up to that date, were communicated at the 
British Association Meeting held at Leeds. They are summarized 
as follows by Mr. Pengelly:-

"The deposits were, first or uppermost, a floor of stalagmite 
varying from a few inches to upwards of a foot in thickness. 
Several bones were found on and 111 the stalagmite," including" a 
fine antler of a reindeer firmly cemented to the upper surface," 
and" a humerus of the extinct cave bear lying completely within 
the stalagmite." 

" Second, cave-earth composed of red ochreous loam and angular 
pieces of limestone, and containing rolled fragments of quartz, 

-'Ie Pe:l~clly. Trans. Dev,m Assoc. for 1873-4, vol. vi., pp. 61, etc. 
1" Pengelly. "The Ancient Cave ~bn of Devonshire." 
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greenstone and brown hematite of iron. Though deposits 
capable of yielding the rounded materials exist in the Brixham 
district, none of them could have been derived from 'Vindmill 
Hill; nor could they at present reach it without crossing one of 
the deep valleys by which it is bounded." "The bones in the 
cave-earth were those of the ordinary cave-mammals," "an entire 
left hind-leg of the cave bear," was discovered by Dr. Falconer. 

a Third, or lowest, gravel, mainly consisting of well-rounded 
fragments of quartz and greenstone, having a tendency to 
become a more or less firm conglomerate." "None of the very 
few bones" found" were of any importance." "Except in one 
limited locality, all the objects lay in such a position with reg[trd to 
the plane of the cave-earth bed, as to betoken the action of 11 small 
stream of water which mllst have flowed continuously throl1gh 
the cavern in one uniform direction," " at a time when the bottom 
of the valley was at or near the level of the external entrances," 
" at a time so remote that the valleys of the district were at least 
one hundred feet less deep than tJiey are at present." 

Pengelly 111so states that the flint implements and flakes founel 
were obtained" at from 9 inches to upwards of 20 feet below" the 
ur.der surface of the stalagmite, the greater number being in the 
c,we-earth; ,. whilst nearly 40 per cent, of all the bones met with 
were above the uppermost implement or flake." The full report 
of the committee's exploration may be found in the yolume,: of 
the Philosophical Tntnsuctions. The following is taken from 
Professor Prestwich's Report* to the Royal Society. "\Vhen first 
opened all t.he galleries and chambers were found to be more or 
less filled with the following deposits in descending order ;--

1st. A layer of stalagmite, varying from a 'few inches to 
upwards of a foot in thickness. 

2nd. Reddish caye-earth, with angular fragments and blocks 
of limestone in places, generillly averaging from 2 to 4 feet. [In 
places completely choking the galleries up to the ceiling.] 

3rd. \Vaterworn shingle 2 to 6 feet. [Pebbles of limestone, 
quartz, greenstone, grit and shale.] 

In addition to these a thin layer of peaty or carbonaceous 
matter extended on the cave-earth from near the entrance to a 
distance of 40 feet, and was overlain part of the distance by a 
limestone breccia." 

"A few pebbles, the same as those composing the underlying 
shingle bed, ,,·ere occasionally found in the caye-eal'th, together 
with fragments of stalagmite, portions apparently of' an ok; 
destroyed stalagmite floor." 

"No shells were found in anvof the beds, but a considerable 
number of existing land shells; and one limpet shell were found 
on the surface, and a few in the stalagmite. They were most 
numerous near the external entrances." 

" :'tIammalian remains were fonnd spa.ringly in the stalagmite, 
in abundance in the caye-earth, and rarely in the shingle." "K 0 

coprolites were found in any part of the cave." Omitting bones 

* From" Report on the Exploration of Brixham Cave" Froc. Roy. Soc. 
0::>·1:37,1f'7:!. . 
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" of small rodents, no doubt of comparatively recent introduction," 
"the bones belong to twenty or twenty-one animals, referred by 
Dr. Falconer and Mr. Busk to the following spet:ies" :-

Ell)phaR primigenius. 
HhinocerOR tichorhinUfl. 
Eqllllfl cahall us. 
Bos llrirnigenius 7. 
B. tanrUR? 
Cervu', ehphus. 
C. tamnclus. 

Capreolus capreolus. 
Felis leo (val'. spelrea). 
HYl12na speh12a. 
l'rsus spelmus. 
l'. ferox (priscus). 
U. arct08. 
Cftnis vul pes. 

Lt'Plls timidus. 
L. cuniculus. 
Lagomys spelreus. 
Arvicola amphibius. 
A-? 
Sorex vulgaris. 

No tusks or teeth of mammoth met with, hence bones found 
probably brought in by carnivora. Remains of the woolly 
rhinoceros rather numerous. "N ext to those of the Bear, the 
remains of the Reindeer are by far the most abundant," and next 
in abundance those of Hywna C3pel(ea. "Remains of the Cave Lion 
are seanty in number." "Not a single human bone has been founrl 
in Brixht1m Cave; but thirty-six rude flint implements and clirs, 
"were met with in different parts of the cave." One of these is "a 
roughly-shaped flint hatchet." The implements were found in 
positions that prove the co-existence of man with the extinet 
mammalia. 

RAISED BEACHES, ETC. 

Pengelly* dra,ws the following inferences from a study of the 
raised beaches and submerged forests of Torbay etc. :-

1. "That the submerged forests are more modern than the 
raised heaches." 

2 .. , That after the completion of the beach the entire distriet 
was uplifted at least 70 feet before the forest flora took posses
sion of the soil which its remains now occupy." 

3. "That subsequently to the forest era there was a geneml 
subsidence to the amount of certainly forty, perhaps of many 
more, feeL" 

4. "That the forests are of sufficient antiquity to have 
sheltered the mammoth and long-frontod ox, but that they fall 
ycry far short of the era of extinct molluscs." 

i5. "That the successive changes of level were at least 
tolembly llniforrn, and were efiected gradually." 

[u the l'ftisec1 heaches of Hope's Nose and the Thfttchor Rock 
the Jistriet possesses the best examples for the study of the 
mollnscs of that periorl to be found in the south-west of Eng-
Jancl. The Hope's Nose raised beaeh has been described by 
many obseryers. Of these Godwin-Allsten+ was the first. He gives the thickness of the stratified consolidated sanel anrl 
llnderlying "conglomerate containing blocks of considerable 
:.izc" as 17 feet, with an extension from east to west of not more 
than 50 feet, and the height of its base as 31 feet above high 
Ymter. 

'X' Trans. DelJon. Assoc. fo!' 18GG, pp. :33, 34. 
t Proc. CeoZ. Soc., vol. ii, p. 102 (18:34) and 'Trans. Ceol. Soc., ser. 2, vol. 

vi. p.J·ll (lS±2). 
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Prestwich* describes it as "a projecting coruice overlain by 
three feet of sand and then by a few feet of angular local rubble 
in which" he "found a tooth of a horse. Many of the shells' 
are entire, but they are mixed with a large pro portio I). of 
comminuted shells." 

Mr. J ukes-Browne supplies the results of his more recent 
investigations in the following notes taken in September, 1898:
" This raised beach is at the south-eastern corner of the Hope's 
Nose promontory; its Lase is about 25 feet above what appears 
to be ordinary high water mark. It rests on an irregular sur
face of limestone, and its basement bed is from 12 to 16 inches 
thick, consisting of pebbles and large boulders in a matrix of 
eoarse sand. The boulders are chiefly limestone and slaty rocks, 
mostly rounded, but some sub-angular, and they range up to 
over a foot in longest diameter. The material ab?ve this is a 
coarse sand, very regularly bedded, and cemented WIth carbonate 
?f lime into a hard stone, which forms a projecting cornice. 
tIcre and there are softer places froUl which shells can be ex
tracted, the commonest species being large and thick specimfms 
of Ostren erZulis, Myt'ilu8 edulis and P(della vUlgcttCL, many of" 
which are perfect though difficult to extract." 

" This concreted sand contains some large stones and petbles 
of local rocks, and it is noticeable that the lower foot or two 
consists largely of the dt!6ris of such rocks (limestone, slate, trap 
etc.), though quartz both in large and small grains is abundant 
and there is much comminuted shell. Higher up the quartz 
grains predominate and the sand becomes finer, though there 
;ue occasional layers cf coarse sand with limestone and shell 
debris up to the top of the consolidated and unweathered portion 
of the beach, which is about 12 feet above its base." 

" At the top it passes into soft loose sand, which is of very 
[me grain, and Ulay be bbwn sand, but is probably as old as the 
beach sand below. Of this sanel there is two or three feet, and 
it is overlain by sandy soil containing small angular rock frag 
ments. This is hardly to be called' heael,' but is evidently soil 
and land wash from the slope behind, for the beach forms the 
top of the clift~ and the ground rises inland from it in a gentle 
slope of cultivated land." 

" The following is a list of the shells which have been foullCl 
in this beach by Messrs. Godwin-Austen, Prestwich, A. R. Hunt 
,md myself":-

Cardium echinatum? (recorded as tnl!crcuiatttnb by Austen). 
edule (common, but rotten). 

Cyprina islandica (Austen, Prestwich). 
~Iytilus edulis (very commo!l). 
Osh'ea eclulis (very common). 
Pecten maxil1llls (Ansten). 

yarius (not uncommon). 
sp. (J ukes-Browne). 

Tapes decussata 1 (Austen only, as Venentpis decllssata). 
Littorina littore;\, (Austen and Prestwich). 

obtusata (.Jnkes-Browne). 

* Quart. JOl&m. Geol. Soc., vol. xlviii, p. 279 (1892). 



1:20 UE()LUU Y UF T()I{(~l' .\.1. 

Littorina rudi~ (Prestwich, HUllt, .Juke~-Browlle). 
1Inrex erinftceus (Austen and Prestwich). 
Patella vulgat.1 (common). 
PUIllUnt lapillus (not uncommon). 
Trochus ziziphinu~ (Hunt). 
Turritella terebra (Austen and Prestwich). 

" Godwin-Allsten mentions Nodiola vulgcliI'is (M. modiolus) 
aml does not mention .i1Iytilu8 ednlis. The shells are large and 
have somewhat the aspect of l1IocliolcL, but are probably .M. ecluli8. 
The umbonal end is generally wanting, and in most of them the 
inner shell is partially dissolved a'my. Mr. A. R. Hunt has 
also found the claw of a crab." 

The Thatcher Stone is a small island of limestone8, about 800 
yards from the Hope's Nose raised beach in a direction south 
82" west, but the nearest point of the mainland on the north is 
not more than 330 yards from it. There is a raised beach shelf, 
01' platform, at from 10 to 15 feet above high water mark on the 
eastern side of the island, on which traces of raised beach :md 
broken shells are to be found mixed with partially consolidated 
" Head" or ancient rubble. Mr. A. R Hunt * found that" the 
portions of the beach deposit best preserved are on the northern 
shoulder of the rock facing the mainland." The site indicated 
is a higher part of the rock shelf, and disconnected from that on 
the east side of the rock. Mr. ,Jukes-Browne tells me that the 
"embedding material" of the beach "consists prillcipally of 
quartz sand and comminuted shell, with many slllall fragments 
of slaty rock." The 48 species obtained by Mr. Hunt from the 
Thatcher Beach were identified by Messrs. Gwyn Jeffreys, J. T. 
Marshall and D. Pidgeon, and are as follows:-

Cerithiulll reticulatum. 
Cylichna cylindracea. 
Fusus gracilis. 
- jeffreysianus. 
LftCllna puteolus. 
Littorina obtusata. 
- rudis. 
-litorea. 
Murex erinaceus. 
N assa reticulata. 
- incrassata. 
X atica Alderi. 
Patella yulgata. 
Plemotoma. striohtta. 
- brachystonlft. 
- turricnla. 
Purpura lapillus. 
f-:calaria Turton,e. 
Trochu~ zizyphinus. 
Trophon truncatu8. 
Turritella terebra. 
Astarte sulcata. 

Cardium echinatum. 
- edule. 
-- N orngicum. 
Cyprina islandica .. 
Lutral'ia elliptica. 
Mactra ~ubtrullcata. 
:Mya arellaria. 
Mytilus edulis. 
- modiolus. 
Nucula nucleus. 
O"trea edulis. 
Pinna rudis. 
Saxicava rugosa. 
Solen vagina. 
'l'ellina balthica. 
Venus exoleta. 
- fasciata. 
- gallina. 
Adeorbis subcarinatus. 
A porrhaYs pes-pelecani. 
Buccinum uudatull1. 

Mr. Hunt singles out from the ahove Tmphon tTuneat118 and 
Plru mt()))Ul tlllTiculu as evidence of 11 rather colder climate, the 

", "Till' lLtised ]le:1,ch Oil the Thatcher Hoek, ete." 1'1'1111". Devon. A~soc. 
yo1. xx. pp, :l:!5 -2,;2, 18Sf'.. 
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presence of Pinna, Adem,bis an? Fusus j~111'eysianus . and t.he 
absence of Astarte borealis negatlvmg the ldea of any mtenslty 
of- cold. 

From the presence of the estuary· frequenting forms .111ya 
a1'enaria and Tellina balthicn and Canlitl-m ednle, the former 
extension of the mouths of the Teign and Exe, and a westerly 
drift from them, is suggested. 

The absence of Caniittm aculeatum from the raised beach, 
and its occurrence in the clayey and muddy bottom of Torbay, 
in view of the strong probability that the clay in Torbay is the 
seaward extension of tlle submerged forest clay deposited in a 
subsequent era to the raised beach, led him to infer that 
through lack of a congenial muddy sand bottom C. undeotllm 
was absent from the vicini.ty of what is now Torbay during the 
raised beach period. 

"That the beaches on the Thatcher and at Hope'S Nose 1vere 
ill one and the same little creek or bay is very evident." " But 
the stage of erosion indicated by the northern Torbay raised 
beaches" is, according to Mr. Hunt, prior to the excavation of' 
Torbay, or in an early stage in its formation. 

"The shell bearing remnant of the Thatcher beach is very 
insignificant in area. It is therefore improbable that any shell 
rare in the raised beach era should have been preserved in so 
small a deposit." 

Godwin-Austen'" first drew attention to the raised beach on 
the Thatcher, "rich in shells, particularly the TU1'1'itellc( 
tereb1'a." 

He also alludes to the occurrence of raised beaches near 
Brixham and Sharkham Point. 

No reliable traces of raised beach are met with between 
Hope's Nose and Churston Cove. Opposite Churston Cove 
there is an old beach platform cut in (apparently) nearly 
horizontal limestones, on its irregular surface consolidated 
sand is visible in places adhering to the inequalities in the rock, 
and containing shells, mostly broken, of P iol'P ttl'a, Littm'inu" 
Cttrdinm edule. The beach traces are partly mixed with earthy 
debris, or Head, containing fragments of limestone, which fon;l 
a gentle slope below the ,50-feet contour. At the Sharkham 
Point Iron ~Iine there is an old beach platform at 10 to 15 feet 
above high water. Amongst the mine~ rubbish with which it is 
covered are pieces of cemented sand composed of quartz and 
comminuted shells and containing small flint, slate and quartz, 
pebbles and sub-angular fragments, and occasionally large frag'
ments of limestone, but the beach material was not expos~d 
actually in situ,. 

Between Blackstone Rock and Compass Cove, south of Dart
mouth Castle, traces of old beach sand are observable on a rock 
platform surmounted by Head. Further to the sonth, at \V estern 
Combe Cove, at about 15 feet above high water, an even slate 
platform, flush with the cliff at its edge, snpports over 20 

* Tnms. Geol. Soc, ser. 2, vol. vi., r. 442. 
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feet of Head consisting of igneous rock and slate fragments 
irregula,Iy, but often linearly, dispersed in buff-brown sandy soil; 
in the lower part worn boulders oecur at from 3 to 5 feet [l,bove the 
platform. This seems to be a case of admixture of Head ane\. 
raised beach material. 

FORMATION OF THE LIMESTONE PLATEAUX. 

Pengelly* drew attention to perforations in the limestones at 
PetitoI' at about 235 feet above mean tide; near the northern 
entrance to Kent's Cavern, and in a small cliff in Asheldon Hill 
at about 200 feet above mean tide; on the northern slope of 
Nharkharn Point, numerous, in a vertical zone extending from 
!);') to 1 G5 feet above mean tide: in a small cliff between Brixham 
and Mudstone Bay slightly m~re than 200 feet above the sea., 
but since destroyed by quarry work. He ascribed their produc
tion to Phnlu.s dactylu.s, P. candida, and possibly also P pa'J'1Ht, 

,'-j(txic(]'va rugosa and Vene1·1tpi.s 11''UB "whilst the district was 
undergoing a process of slow upheaval, which was broken by 
several protracted periods of intermittence." He connects these 
phenomena with the planing of the limestone plateaux in 
succ8ssive stages as follows-Babbacornbe and Daison platform 
about 280 feet above the sea, TorqultY plateaux, 240 feet, 
Brixham plateau, 200 feet; the two latter being represented by 
~:helves at their respective leve1.s on the flanks of Daison Hill. 

Fmthel' stages are said to be evidenced by a natural arch in 
the limestone, probably of marine origin, bv the Teignmouth 
Hoad between Torre and Upton, at base 176 feet above mean 
tide; by the planed suriiwe of Roundham head at 75 feet above 
the sea; and by the raised beach platform at about 30 feet. The 
Petitor perforations are said to be coeval with the Torquay 
platforms, those of' Kent's Cavern anterior to the introduction of 
the extinct cave fauna. 

As direct evidences of Cretaceous and Eocene denudations are 
not forthcoming in the area under consideration, the further 
(liscusHion of this interesting problem would necessarily 
introduce extraneOllS evidence. 

SUIl:\IERGED FORESTS. 

The traces of submerged vegetation on the shores of Torbay 
have been long known.t Leland quaintly observes :---" Fisschar 
lllen hath divers tymes taken up with theyr Nettes.yn Torrebay 
~Illsons of hartes, whereby IIlen judge that yn tlInes paste It 
hath been forest gmnnde." Godwin-Austent mentions the sub
mergc([ forest tritCcs of Tor Abbey and Broadsands lying on 
Iacllstrine mlHl, in which at Broadsands Pallldi1uJ, shells were 
obtained: he also notes the OCCUlTence of traces of lacnstrinn 
lllarl at Goodrington beach. Pe.ngellyHnoted that in some parts 

~- l'mns Del'on. Assoc. for 1866. t Leland's ltin. vol. iii. p. 545. 
::: "Geology, S. E. Devon" p. 4:39. "* Trans. Daon. Assoc. for 1865, p. 30. 
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of T. or Abbey sands the vegetable matter is 10 feet in thiclmesf'. 
"In this and in the similar deposits of Goodrington fmd Broad
sands bones of Cer'Vl~S elaphns, SttS sC'i'ofn, Eqt~ltS caballw3, B08 
longifl'Ons and Elephas pl'i?nigcniu8 were found." "Con
siderable accumulations of veO'etable matter with stumps and 
roots of trees firmly fixed il~ bluish clay, and evidently the 
remains of a forest which once gTew on the spot, exist in all thc 
inlets of Torbay." The molar ~f mammoth, considered to have 
come from submerged forest pe,'l,t, was dredged in a trawl at about 
5 fathoms on the southern side of Torh~y. A part of a jaw of 
Bos longifnlns was obtained by Pengelly from the Torre 
Ab~)ey peat between high and low water. During the progress 
of the Geological Survey the peat with trunks and roots of treeo; 
and the blue clay associated with it was well exposed in the 
Tor Abbey Sands. In the flat now occupied by the Torquay 
Recreation Ground a thickness of 14 feet of peat upon New Red 
rock was disclosed in drainage operations; veins of "and were 
observable in the peat in places. Detached antlers and bones of 
CC?'UIlS claphns were found in peat under red clay, lead 8oloured 
at base and from 1 to H feet thick. At about 2 feet down in 
the peat tbere was a veiD' of fine reel sand. Pengelly traced the 
Tor Abbey peat to about 40 feet above mean tide level, in a 
narrow tongue in the valley west of Torre Station. Under 
Preston Sands the occurrence of peat and blue clay has been 
proved.* Peat underlies the alluvium of the Paignton lllt~.l'shes 
between Torbay Cottage and Roundham Place, also the alluvium 
borderinq- Goodrington Sands, and that near Elbury House on 
the south of Broaclsands. A low mound of blown sanel fringes 
the seaward side of the Paignton alluvium. ' 

Pengcllyt described a s~bmergecl forest at Blackpool Sands 
",·hich is very rarcly exposed; he saw brownish drab-coloured 
clay crowded with small twigs, leaves, nuts, etc., and numerous 
prostrate trunks and branches of trees partly embedded in the 
clay. "Several large stumps projected above the clay in a 
vertical direction, and sent roots and rootlets into the soil." 
Mr. Hunq from a visit paid to the spot during a subsequent 
exposure, concluded that there are "at least two clifferen~ 
dpp')sits of vegetable ne/;}'i8." 

RI \'ER GRA YELS. 

The outlet of the Hollicombe Lake stream, neal' the Torquav 
Gn,sworks, is well shown by gravels upon the New Red rocl~') 
forming the low cliffs. The cliffs have evidently been cut back 
since the deposition of the gravel. Fig. 17 represents a part or it. 

The terrace gravels of the Dart north of Totncs are, as a 1'111(', 

well marked by feature. They rise from a few feet, tD oyer 30 
feet, above the mljacent alluyiulll. 

The river terrace at Stayerton rises from ahout 15 feet aome 
the alluvium to 30 feet above it. Coarse gravel of worn stones 

* Pengelly, 'l'rans. Devon. Assor., vol. x., p. 201.1878, Hunt. 16£d. for 1881. 
t Ibid. for 18fHl, p. 1:31. 
t II!~·d. for 18.81, p. 34>t. 
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is exposed on its southern margin east of Staverton. The 
terrace on the east side of Dartington Park is well marked; its 
breadth decreases southward, and, like the Staverton terrace, its 
margin is separated from the alluvium by a low bank 0 

Devonian rocks. 
The terraces at Totnes Station, Hampstead, between the Dart 

and the Hems (the Little Hempston stream), and near Spring
ville House rise gently upward from the alluvium. 

By the Rifle Range, south-east of Totnes, the alluvium of the 
Dart is bordered by a river terrace making a bank about 12 feet 
in height. In this a grnsel pit disclosed the following section :

Buff soil. 
Hed and brown loam with volcanic stones, sometimes in digtinct beds. 
A band of purple on brown loam with very few stones. 
Brown loam WIth volcanic stones and large unworn fragments of diabasc, 

and some worn fragments, perhaps from the underlying gravel. 
Gravel of fine dark grey slaty rock, granite, etc., well worn, in a matr:x 

of small WOl'll fragments. The gravel varies from one to three feet iu 
thickness; the lie of the stones denotes current bedding in places, and a 
lenticular bed of coarse sand is shown at its base in one place. It rests 
irregularly on slaty volcanic rocks, exposed just above the alluvium, and up 
to a few feet above it. 

The deposits overlying the gravel vary from six to twelve feet in thickness 

Fm. l/.-CLIFF SOUTH OF LIn:RMAAD. 

n. Gr<wel of flat angular and sub.angular grit stones with small pieces cf 
quartz (one flint pebble was obtained), with a lenticular pa.tch of red clay 
containing a few stones and a strip of red loam. The base of the gravel is frolll 
5 to 15 feet abo'-e high water marlL 

s. Reddish brown sand rock containing occasional stones (Lower New Red). 

CHAXGES IN THE COAST. 

'White, in his "History of Torquay,"* tells us:-" Within the 
recollection of persons liyino', there were cottages and gardens out
side the sea wall which bOUl~ds the road at Livermead'-House; ard 
less than tiftv years ngo there was a grand sandstone arch ~ t 
Corbon Heael which vied in picturesque beauty with the more 
durable limest,me arch on the other side of the bight, loca}]\" 
known as London Brido·e. It is worthy of observation that the 
Torbny Road is nt least'the third defcllce which has been raisea 
naainst the encroachments of the sea. The waU built by Mr. 
(~U'v was partinlly destroyed in 1884: and preyiously to the 
el'c(:tion of thnt, the originnl wall was llluch further out." 

• Pp. }.)9. 160, •. Torquay." Printed at the DII ectol'Y Office, l~'j"~. 
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Frolll the tr,wes of ~ ew Red rod\.s mentioned in this }Iemolr, 
and from the presence of outliers, to the south, on the Slapton 
shore, and near Thurlestone (in sheets 355,356), there is reason to 
think that the present coast-line was not far off the position of an 
old coast-line during the Lo \\-er ~ ew Red sandstone epoch, and 
that this circumstance has somet hing to do with the configura
tion of the present coast, and therefore with the formation of 
Torbay and the more rapid waste of its inner shores. 
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CHAPTER VIII. 

ECOXO:JIICS. 

,y A.TER SL"PPLY. 

The water supply of the villages is from wells. Prior to 1858 
Torqu,lY W,lS supplied from wells or private waterworks connected 
with a reserYoir at Elhcombe. In 1856 the waterworks bv which 
thc t.)wn is now supplied "'ere begun, and completed ~n ] 85H. 
The supply is obtained by impounding streams on the Dart
lUO?r granite neal' .Hennock, about .16 miles from Torquay. 
O\nng to the eleY,ltlOn of the reSelTOlr, the pressure beincr too 
great to allow of direct deli'-61T from the mains, two reser~oirs 
~ne on Chapel Hill, the oth61~ on 'Yarberry Hill, ,yere con~ 
structed. The stor:lge Resel"Yoir (Tottiford) on Dartmoor forms a 
la kc coyering 1110re than ;i5 acres, and is said to contaill 60,000,000 
gallons. The water is soft, haying only 2- of hardness accord
ing to Shapter,* 0.61 (Chrke's) according to 'Yhite. The latter 
gives an analysis by :J[r. E. Smith, F.C.S., published in 1873. 
Referring to water deriYNl from springs at Torre and near the 
summit of Braddons Hill, Torquay, Shapter, says:-"The waters 
cOlweyed from the above sources through iron pipes are clear 
ancl sparkling, strongly impregnated with lime, and containing 
some little iron: their temperature at the fountain head is 
about 52'. 

Dartmouth, Bri:x:h.ml, and Totnes are supplied from local 
sources and wells. 

BU)'i ngs, Well Sections, etc. 

It is l1meh to be regretted that records of the strata passed 
through in ordinary well sillkings are not kept, and verbal in
t~mllation obtaincd on that head is neYer sufficiently clear to be of 
much scientific ,-alue. An ~lrtesian well boring made by the 
Diamond Rock Boring Company on the premises of the Torquay 
Brewery, 3..t Fleet Street, was begun on February 3, ] 875, and 
a bamlo~led at a depth of 6;i8 feet 7 inches on X oyember 5 of the 
same year. The following is the section as giyen in ","Vbite's 
Directory" :-

Yarieties of Petitor marble, with beds of "Grey l 
Harry" (Beds from 3 to G ft. in thickne~s) J 

D,1.l'k Ii~ er coloured lillle~tolle, 1, ith quartz veins, I 
~hillety , 

Plain lime~tone, varying colours of blue, pink, J 
chocohlte and liYer coloured. 

Hiatus fillell with tenaceous red mud 
Blue clay slates-
Chocolate grey slate -
Second. bed of blue cIa v slate -
Indurated marl, Ie,,' c(;res obtainable 

- ----- - -- -- - - -------

ft. Ill. 

93 0 

}3298 
236 S 

4 0 
82 9 

l2464 65 7 
98 0 J 
58 .., 

I 

638 7 
------

* See \Yhite's " Hi~tory of 'forquay," pp. 204-211, and Shn,pter's "Climate 
or the :::louth-east of Devon," London, IS4:!. 
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Mr. H. B. Woodward published the following account in 1877 :* 
ft. in. 

PetitoI' marble, about 
Plain limestone" - - - - - -
(Hiatus of two or three feet filled with soft tenaceous 

red clay.) 
Blue slate 
Chocolate slate 
Blue slate 
Indurated red marl 

92 0 
247 8 

82 9 
65 7 
98 0 
42 7 

The shilletv reference, in \Vhite's account, denotes a band or 
lenticle of slate or sl::tty limestene, of which the thickness 
is not !liven. The" Hiatus" is most probably a fault filled with 
clayey v fault rock. The three slate horizons below are presum
ably Middle Devonian slates, and the indurated marl last 
encountered would appear to be the upper part of the Lower 
Devonian. Mr. H. B. Wood ward gives the depth of the 
boring as G28 feet 7 inches, the total depth in limestone 
as 339 feet 9 inches. He adds: "The inclination (or 'natural 
cleavage,' as it was termed) of the limestones was about 
70°, whereas the inclination of the slates was no more than 45 C 

; 

and this difference, I nm inclined to think, is due to a fault. 
Owing to this inclination the thidmess of the beds passed 
through lIlay be estimated as follows: Limestone 130 feet, slates 
185 feet, red marl 25 feet. Concerning the so-called' indurated 
red marl,' I saw a specimen which seemed to belong to one of 
the junction beds between the slates and red sandstones." 

8mce the failure of this attempt, White says that the Brewery 
Company have tapped a spring" rising in the old red sandstone 
formation, where it is thrown up by the rock of limestone on 
which the Castle College stands," and obtain their supply through 
pipes by gravit,ation.t 

At the Lion Brewery, High Street, Totnes, an ineffectual bor
ing for water made by Messrs. Isler & Co., 2 feet dug; 145 feet 
4 inch boring, gave the following section: 

:':Iade ground and soil, etc. 
Shaly rock 
Blue limestone rock -
Blue slate rock 

ft. lll. 

21 0 
3 0 
2 6 

139 6 

At Lower '\Veston Farm, cast of Totnm" a well said to have 
been sunk to a depth of IGO feet seems, from the material thrown 
out to have been sunk in nearly identical strata with the above, 
dark blue slates in the upper part of which thin beds of fossil
iferous limestone (Eifeliall) occur. 

In all. well. secti.ons .the. thi~kness of slates penetrated, even 
where dIp of SChIstOSIty IS gwen, can scm·ccly be estimated 
without ascertaining the true bedding. 

The Torquay main sewer comme~ces at a few yards in front 
of the Spanish Barn, whence it passes across the meadows and 

* Geol. Jfag. for October, 1877. 
t " Hi~tory of Torquay," p. 293. 
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through the grounds of the Belgrave Hotel, skirting the 
back of Abbey Crescent, where it joins the first tunnel under 
Waldon Hill. From this tunnel the f>ewage passes to the 
pumping station in Swan Street, where it is raised to a higher 
level sewer and proceeds through a tunnel from Fleet Street, 
under Higher Terrace, Apsley House, and Meadfoot Hill, to the 
sea road, along which it is carried by a barrel sewer and enters 
the third tunnel under Kilmorie, being finally discharged into the 
sea at Hope's Nose, a distance of three miles from Torre Abbey. 
The third tunnel proved the greatest obstacle, "owing to the 
extreme hardness of the rock, and the depth of working from 
the surface, and the large quantity of water which flowed 
in from the springs." The details procurable are, however, of 
very little vallle as far as the geology is concerned. One of the 
s~afts was sunk by Middle Woodfield Road, near its junction 
wIth Meadfoot Road, through 104 feet of slates to calcareous 
beds. From Mill Lane to Torre Abbey the excavation was through 
peat to solid rock; from Belgrave Road to the foot of Wald('n 
Hill partly tunnelled through sandstone easily excavated; 
between Babbacombe Road and the junction of Meadfoot and 
Hesketh Roads, the greater part of the tunnel was in limestone 
rock.* Taking the last-mentioned observation in conjunction with 
the thickness of slate penetrated in Middle vVoodfield Road, 
it would appear that tIle slates are either above the limestone, 
or inverted for part of the distance between Babbacombe Road 
and Hesketh Crescent. 

MINES, QUARRIES, ETC. 

The following notes are chiefly compiled from White's" History 
of Torquay," t Collins' " Mineral~y of Cornwall and Devon," t a 
paper by R. N. ·Worth on "The Economic Geology of Devon," § 
and a paper by E. T. Appleton lion "The Economic Geology of 
Devon." 

jy[in,,-s and Jy[cmufactures.-About the year 1680, the then 
Earl of Londonderry erected stamping mills, etc., at great cost 
in the brook near Westhill and that running by the Teignmouth 
Road, in the vain hope of finding tin lodes. In a lease dated 
1,20 mines between Torwood and Hope's Nose are mentioned. 
As late as 1850 an iron mine was worked at Torre, between 
the Infirmary and the first house in Higher Union Street on 
the hillside facing Upton, but in a few years thd operations 
were abandoned. Rich samples of iron ore were raised in 
another part of Torquay about ten years later. Collins gives 
the following list of mines in 1871, worked for hematite 
and limonite :-Torquay, the Torbay Mine. Paignton, Gympton 
(Galmpton 7). Brixham, Five Acre, Prosper Huel, Parkins and 
8harpham (Sharkham 1). Worth tells us that "Mr. Wolston, 
of Brixham, started a paint manufactory in connection with 

* See Chatterton on "Torquay Drainage." 
t Torquay, 1878. t Truro: Heard & Sons, 1871. 
§ Tran". Devon. As.suc. for 1875, pp. 209-233. II Ibid. pp. 23! -246. 



Ec():'\()~ncs 128 

his iron mines, in which the softer parts of the ore were made 
into ochreous pigments, and similar p[cints are stiUmanufactured 
there." Brick and tile works have been opened in dark red 
brown clunchy clay belonging to the ,Vatcombe clay series, 
but the clay from which the terra cotta is made is worked 
in the map to the north of sheet 350, although the same 
horizon occurs ncar Torre. Lime for manure or mortar has 
been afforded by the limestones nearly everywhere, but for 
hydraulic cement the only mention of suitable limestone is by 
Appleton, viz., the small patch on the borders of the volcanic 
series at Harbertonford, although there are, no doubt, many 
patches of Eifelian limestones of the same character, and the 
admixture of shale with the Middle Devonian limestones would 
doubtless afford suitable material for the purpose. 

11fineml TVatcl·s.-,Vorth mentions a chalybeate spring at 
Totnes, not, however, used medicinally. 

B1Lildi11g Materials. 

The limestones of Torquay and Brixham, etc., are extl3nsively 
quarried for building stone. The more massive limestone rocks 
are used for sea walls, etc., often in association with large blocks 
of New Red conglomerate or breccia, which is also quarried for 
building purposes at Chelston and Paignton. The hard sand
stones of the Waddeton and Brixham outliers, are mentioned by 
Appleton as being considered by workmen harder to dress than 
granite. The massive limestones of Ipplepen, PetitoI', etc., when 
polished, form ornamental marble used chiefly in interior church 
architecture. Worth says: "The Ipplepen marble is chietly 
characteriscd by a roseate clove-colour ground with reddish 
veins." The Torquay marbles vary much in colour and appear
ance, some being very distinctly coraDine. Lapidaries nave 
special names for the fossiliferous limestones; thus limestonc 
fllll of Fat'usitcs cen' lcorn IS, such as that at Saltern Cove, is 
cnJlcd ":Fcathcrstone." The Lower Devonian grits arc 10cal1y 
used for building material, as also the slates wherc their planes 
are closely compacted. The volcanic rocks are either too hard 
01' too soft to be largely used for building purposes. 

ROOji11g Slatr.-Slate has been qualTiecl near N ethway House, 
south of Brixham, and in many parts of the slate district, for 
purely local purposes. The sln,te quarries of Harbertonford nre 
just outside the limits of the map, on the west. 

Ru(td JJ[etal. 

The harder aphanites and diabases are largely used for road 
stone. Appleton says that "greenstone near Greenway, on the 
Dart, has 10ng been used for the metropolitan roads," and in the 
"Report on the Building Stones of the United Kingdom" for the 
year 1858, by R. Hunt, trap rock at Dartmouth and metamorphic 
rock at Sandquay, near Dartmouth, are said to have been used 
for the same purpose. The Sandquay rock is a hard igneous 
rock. 

7052 
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The Devonian limestones are largely used for road metal, but 
for that purpose are inferior to the carboniferous limestone. 

SOILS. 

The volcanic rocks atford the richest soil in the district. 
The plum orchards at Dittishalll are grown on this soil. The 
~ew Red rocks also afford rich soil suitable either for grazing or 
tillage, and varying, according to their constititution, from com
paratively light loamy or sandy soil to comparatiyely heavy dayey 
land. The Lower Devonian rocks also produce variable soils 
according to the local prevalence of grits or of slates. In the 
slate areas of the Upper, :Jliddle, and Lower Devonian the 
more clayey and heavier soils are naturally most often encountered. 
The limestone soils are for the most part thin and clayey, and 
consequently much affected in seasons of drought. 

The celebrated orchards of Staverton grow on the soil of 
Eifelian slates, partly coyered by river terrace (Ubl'is. 
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Lummaton, 4, 7, 8, 44, ;)8, G1, ti5-68, 

103. 
Lupton Farm, 70. 
--House, G9. 
Luscombe, 82. 
--Cross, 78. 
Lynton type, 33. 

jIacEnery, Rev. ,J., 3, 114, llG, 131. 
Jlachail'odus la,tidens, 115. 
)Iagwintons, 49, 50. 
Maisonette ( Ellacom be), 5G. 
llammals, CaVE', 114~ 118. 
Mammoth, 113, 118. 
Man Sands, 8, 11, 14, 17, 38. 
Marble, 129. 
Market Street (Torquay), 28, .-,0, G2. 
}farldon, 2, 8, 2G, 43, 45, 59, 7G, 8G, 

87, 90, 91, 110. 
--Tor Plantation, 91. 
Marshall, J. T., 120. 
Matchwood Terrace, 57. 
}fatthews Point, 22, 40. 
jleadfoot Beds, 8, 9, 15, 18, 2:3-2;), 

27, 30-35, 38. 
-Hill, 128. 
--Road, 49, 128. 
--Sands, 34, 70. 
}fiddle Blackpool Corn Mill, 39. 
--Devonian, 42 -102. 
--Lin combe Road, 30. 
--Woodfield Road, 49, 128. 
Mill Bay, 22. 
}fillcombe, 24. 
--Barn, 78, 80. 
--Bridge, 19. 
}fillendreath, 16. 
}Iill Hill Copse, 22. 
--Lane (near Compton JEll), 101. 
--- --(Torquay),128. 
-.-Point (by R. Dart), 81. 
}IlIles, 128. 
Mineral Waters, 129. 
}lockwood Quarry, 90. 
}Iodbury, 21. 
Monticuliporoid Fossils, lG, 17, 25. 

}Iorte Slate~, 3. 
}Iount Boone, 39. 
--Pleasant Quarry, 58. 
}Iudge's Copse (Torquay), 28, GO. 
}fudstone Bay, 3, 6, 8, 69, 70, 71, 82, 

89, 122. 
}Iuseum (of Torquay ~at. Hist. 

Soc.), 50. 

~ a~sau, 5, 7, 30, /4, 87. 
~ a val Es ta blishmen t, 18, 23. 
~ ellie's Wood (Dartington), 93. 
~ ethcrton, 89, 90. 
N ethway House, 9, 17, 19, 23, 3R, 

1:29. 
-- Quarry, 2.). 
New Cut, 30, 3;), 36. 
--Drive, 17, 23, 30, 33. 
--Ground Copse, 90. 
Newhouse, 2.>. 
--Barton, or New House, 87,89,99. 
New Park Hill Plantation, 89, 92. 
New Red (rocks), 2, 2G, 43, 54, 58, 

59, 62, G4, 71, 72, 74, 86, 91, 92, 
103, lOG, 108-112, ]23, 125, 129, 
130. 

--- --Sandstone Series, 108-112. 
Newton Abbot, G1, 88. 
--Cross, 24. 
--E. T., 18, 2~,. 
Nicholson, Prof. H. A., 58, G4, 72, 

84, 85, 91, 92, 94, HH. 
~ orth Corn Mill, 39. 
--Devon, 3. 
--Whilborough,101. 
N orthtor Cottages, 91. 
Norton,3R 
Noss Creek, 18. 
--Plantation, 24. 

Oare Stone, 45, 4G. 
Occombe, 110. 
Ochre, 128, 129. 
Oddicombe Beach, 8, 54, 57, 109. 
Old Mill, 24. 
-- --Bay, 60. 

---Creek, 18, 24, 38. 
Old Rock Inn, IH. 
Oldstone, 26. 
Old Wood, 109. 
Ologiste markings, lEi. 
Onychien Quartzite, 30. 
Ore-deposits, 128, 12H. 
Orestone Cottage, 39. 
Orley Common, 87, 99, 100. 
Oxlea Hill (Lincombe Hill), 28, 

Paddlelake, 23, 38, 39. 
Paignton Anticline, 11, 20, 26-28. 
--- -Cross, 111. 
----District, 8, 108, 110, Ill, 128, 

129. 
--Marshes, 123. 
--Quay, 110. 
Palestine Villa (Torquay), 59. 
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Park COllSe, 9J, 93. 
Corner Cop~e, 90. 

Pm'ken; Barn, 1'0. 
Parkhill (Little HeI1ll'"ton), 9:2. 
Park Lane (Dartington Hou:;e). 9J. 
, Parliament Hou~e,' S:3. 
Par.';Ollilge Cro",;, 9:3. 
--Farm, 93. 
--Lane. 95. 
Pa;;ture Farm, 39. 
Peak Cro,~, 78. 
Peloe (Pay toe), 8S. 
Penl )all Cro,;,;, 89, UG, fl7. 
Pengelly, 'Y., :2, 3, 15. 2:3, 3J, 112-

lIS, 122, 123, 131-1;33. 
Penny':; \Y ood. 96, 97. 
Pen Quarry, 80. 
Petit Tor (Peaked Tor) Coye, ~)o. 
Petit Tor (near St. "jIarychurch), 6, 

8, 10, 12, 62, GJ, G.), 10:3, 10J, 108, 
109, 110. 12:2. 

Philli P8, Prof. .T., 3J, J 7. 
Pidgeon, D., J, 120, 1:33. 
Pig"hill ,Yood ("jlount EdgecumlJe), 

3,). 

Pit Park Quarry, 9J, 
Pleistocene, 8, n:3-12J, 
Pl~IIi'O(hct,l/lIm, 28,29. :31, 3:3 31'. 
Plymouth Brethren', Ohapel (I3lack-

pool), 22. 
PlYIll,;tock, 79. 
Pol perro, 13. 2ll, 21. 
Port Bridge, 72, 71', 1'2, 91'. 
Post Tertiary and Recent, 113 12.-;. 
Presbyterian Ohurch (Torquay), 50. 
Preston, 27. 
---Sand,;, 123. 
Prestwich, Sir .T., ll7, llS, 119, 120, 

13J. 
Pruston Barton, 1 U. 
Psammites de Oondroz, 3. 
Pterrrspis, 16-18,21,22. 
Pudcombe Oo,e, JO. 

Quarry Head, 26, 
Quarryhead \Yood, 26. 
Quartzo-ph::llades, 1', 21. 

Ihtddicom he, 2J, 2G. 
Barn,2A. 

Haised Beache~, lIS-ln. 
Ham "hill Oro,;s, 27. 
Redgate (by R. Dart), 81. 
--Beach,8, 12, 13, :30, JJ, ,',3, 3J, 

G2, 63, GJ. 
Redhill Quarry, 8J. 
Redlap Coye, Hou.;e, JO. 
Hedpost, 89, 92. 
Rcdworth, II, 79. 
Reeyacre Oro;;", 9J, 93, 96, 97. 
Reyclstokco Ooa.;t, 21, 22. 
Rhipidophyllen Schiefer, :30. 
RhYllchone{{,! cuboides, 7, 61, 65, G7. 
--zone, 6. B. 12. J2, 60-63, 103. 
--l'ulyd!y,r,w, 27, 36, 37. 

Rifle Range (Totnes), ,8. 
Ringmore, 8, 16. 
Ring,;well Cross, 97. 
Ritson, 23 
Riwr,; of the District, 1. 
Riyer Graycls, 123, 12J. 
Road "jIetal, 129, 130. 
Rock End 'Yall (Torquay), 48. 
--,Yalk Oliff, 62. 
Hoofing Sla te, 129. 
Rose Cottages (South of Totnes), 86. 
Rough Hole Barn, 38. 
Roundhall1 Head, 110, Ill, 122. 
--Place, 123. 

St. "jlarychurch, 8, 42, 44, 47, 50 
36 39,68, 108. 

-- --Road, 37. 
St. Haphael's Home, 3.). 
Salter, ,J. 'Y., 34, 132. 
Saltern Ooye, 3, 5,6, 8, 9, 12,73-73, 

10:3, 106, 107, 129. 
--Railway Cutting, 27, 28, 

106, 
~andberger, Prof., F. von, 27, 30. 
~andhllle Copse, 90. 
~andquay, 9, 19, 38, 39, 129. 
--Wood, 11', 23. 
Randridge Park, Point, 81. 
Scabbacombe Head, Sands, 8, 13,16, 

17, 18,21, 22, 2,). 

::;cenery, 1. 
Schal"tein, 7. 
Seaway Lane (Cockington), 27. 
Sedg>'ick, Hey. A., :3, }."i, 131. 
Rhadrack, 89. 
--eros", 89, 90. 
Shag Rock, 4;\ 46, 48. 
Shapter, Dr. T., 126, 131. 
Sharkham Point, 3, 8, 9, 10, 13,68, 

69, 86, 121, 122. 
Sharpham House (Park, Barton, 

etc.), 77, 78, 7i:l. 
Sharpland Point, 16. 
Shelter Coye, 63. 
Shinglehill Con, 40. 
Shinners Bridge gorge, 93. 
Ship Inn (Churscombe), 28. 
Short down, 27. 
Siegener Grauwacke, 7, 8. 
Silyer Cove, G, 12, 75, 107. 
Sill1pson, 98, 99. 
Slapton, 12.). 
SmIth, E., 12G. 
Smuggler's Cove, 15, 29, 30, 32, :33, 

:36, 37. 
Sneydhurst (Broadhempston), 98. 
Soils, 130. 
Southdown, 2,1. 
--Cliff, 8, 9, 11, 17, 24. 
South Whilborough, 102. 
Spanish Barn (Torquay), 127. 
Sparkwell Cottages, 99. 
:::,'p£l'~fe1'a cultrl(jugata, 31, 36, 38. 
---- Jil'iIlM/:U([, IR, 23, 33, 35, 37. 
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Springville House (near Totnes), 53, 
89, 124. 

StaddonHeights(near Plymouth), 15. 
-- Grits, etc., 8, 14-20, 25, 2G, ;30, 

31, 33, 35, :38. 
-- Plantation (Cocking:on), 27. 
Stanboro HouRe (near Halwell), 25. 
Stancombe, 78. 
Stantaway" Hill, Rock, 59, 60. 
Stantor Quarry, 91. 
Staverton, 42, 87, 88, 95, 99, 12:3, 

124, 130. 
--Ford Plantation, 94. 
Stentifords Hill (TorfJ.uay), G2, 113, 

115. 
Rtoke Fleming, 8, 9, 10, 12, 19, 20, 

21, 22, 41. 
-- Gabriel, 72, 77, 78, 82, 8:3, 112. 
-- Point, (by H. Dart), 81. 
Stone Farm, 25. 
--, Building, 129. 
Stoodly Knowle, 104. 
Rtrainytor Copse, 91. 
Streptol'hynchus (f1~qa8, 30, :37. 
Stl"inyoceplurllls, 7, Gl, 6:'i, G7. 
Structure (and General Structure), 

10-13. 
Submerged Forests, 122, 123. 
Symon's Tree Barn, 93. 
"Syracusa Cove," 47. 

Tallyho Bridge, 97. 
Tftunusien, 7. 
Tawney, E. B., 3, 29, :31, 3'.!, 33, :36, 

:37, 1:32. 
Teall, .J. ,J. H., 22, :39, 78. 
Teign, River, 121. 
Teignmouth Hoad, 59, 122, 128. 
Terraces, Marine, 118 122. 
--River, 12:3, 124. 
Terra cotta Clay, 108. 
Thatcher (Rock or Stone), 4, 8, 4:'>, 46, 

118, 120, 121. 
"The College" (~~pHley House), 48, 

49. • 
Thi~tlepark Plantation, 94, 9;). 
Thurlestone (coa~t), :n, 12;"). 
Thurlow Road (Torquay), 28, :3:>,46. 
Tillsey Head, (type), 17. 
Tor Abbey, 8, 122, 12:3,128. 
Torbay, 2, 46,112, 11:3, 118, 121, 12:3. 
---Cottage (Paignton), 123. 
---Road, 124. 
Torbryan ~Iill, 98. 
Torcello (TorfJ.mty), :3(). 
Torcombe, 78, 82. 
Torcorn Hill, 99. 
Torcross, 15, 17. 
TorfJ.uay Anticline (Lower Devoniftn), 

11, 28-:38. 
--Brewery Well, 61,126, 127. 
--Cemetery, G6, 58, 109. 
--Cricket Ground, 59. 
--District CMidJ.le Devoniftn), 43-

68, 

TorfJ.uay Gas Works, 123. 
--~luseum, 50. 
--Recreation Ground, 123. 
---Sewer, 49, 127, 128. 
--Rtation, 62. 
--"\Yater Supply, 126. 
--Winter Gardens, 50. 
TOlT (West of Stoke Fleming), 20, 

:39. 
Torre, 122. 
--Chapel, 4:;, 59. 
--College, 45, 59, 60. 
--Hill Road, 60, 62. 
--Parish Church, 60. 
---Railway Cutting, 109. 
----Station, 8, 123. 
Totnes,l, 8, 42, 44, 52, 53, 77-80, 

8:3, 86, 124, 126, 127. 
Tottiford Heservoir, 126. 
TownstaJ, 9, 23, 39. 
Tregantle Fort, 16. 
Triangle Point (TorfJ.uay), 48. 
Tristford Cross, 80, 
True Street (near Totnos), 77, 83. 
Trumlands Quarry, 42, 44, 57, 58. 
Tuckenhay Creek, 82, 
--Paper ~Iills, 78. 

U ddern Copse, 23. 
Ugborough, 79. 
enion Street (Torquay), 60. 
Uphempston, 89, 90, 92. 
Upper Coblenziftn, 5, 6, 7, 8, 10,20. 
--Devonian, :3, 5, G, 7, 8, 9, 11, 12, 

13, 103-107. 
Upton, 58, 122. 
--Cottages, G7. 
--Farm, 4:;, G7, 60. 
--Parish Church, 60. 

-Vale, 57. 
--Valley,60. 
1 ~ sk District, 32. 

Venn Cross, 39, 40. 
Victoria Parade (Torqu:l.Y), 50, 
Vineyard, 88. 
Vivian, E., 3, 131. 
Vulcanicity in Lower Devoniftn, 

Evidences of, :38 41. 

iV ftddeton, 8, 69, 70, 71, 87, 112, 129. 
--Boat House, 43. 
--Lane, 72. 
--Quay, 81. 
"\V ftJ.dol1s, 99. 
WnJdon Hill, (;0, fil, 62, 63, 128. 
Wallshill, Wallshill Down, GI, G:3. 
Warbe~TY Beds (see Staddon gnt), 7. 
--Hdl, 8, 14, 28, 35, 4t1, 12G. 
--Mount, 35, 56. 
--Reservoir, 35. 
--type, 23, 25. 
Warren Road, 62. 
Washbourne, 80. 
Washwalk, 19. 
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\Vatcombe,clays, ware, etc., lOR, 10 9, 
129. 

Waterhead Brake, 19, 3R. 
--Creek, 19, 25. 
--:\Iill,25. 
Water Supply, 126. 
Weekaborough Oak ero"", R9, 91. 
Weilburg (Nas~an), 74. 
Well Barn, 100. 
--Farm, 73, 82. 
--HouHe, 99. 
Wellington Inn (Ipplepen), 100. 
'Veil 5 wood House, ;'il, ;'il. 
~--Park, ;)1. 
Wembury coaHt, 21. 
Wenlock beds, 37. 
~W esterland House, 26, 28, 89. 
Western Combe Cove, 121. 
--Hospital (Torquay), 28, 3;), 56. 
West Hill, 57. 
Westhill Farm, m. 
West Norton Wood, 24. 
~Weston House, 77, 80,83. 
--wells,86. 
Wethered, E. 4, 4c!, 134. 
'Vhidborne, Rev. O. F., 4, 31, :33, 3c!, 

48, 50, 53, 65-70, Sl, 82, l:H 
Whiddon, 101. 
Whilborough, 101, 109,110. 
---District, 56, 59, 81. 
White's Directory of 'I'Ol'quay, 63, 

70, 12c!, 126, 127, 128, 133. 

Widemoor Barn, 70. 
Wildwood, 26. 
Windmill Down ('I'otnes), 80. 
---Hill ('I'orquay), 51, 58, 59, 62, 

65. 
---Cavern (Brixham), 8, 113, 

116-118. 
----Clump (near Paignton), 27. 
---Lane, 101. 
'Vissen bach, ,v). 
W olston, ::\lr., 128. 
Wood (Blackawton), 2C!. 
--Barn, 100. 
'Voodbury Farm, a9. 
Wood huish, 25, :38. 
Woodland Lane, 7n. 
~\Yoodward, Dr. R., 36. 
--H. R., 2, 3, 61, 12(;, 127, 133, 13c!. 
Woolborough,61 
W Ol'ld's Encl, 78, 79. 
Worth, R. X., 128, 129, 132. 
W rigwell, House, Bridge, etc., 87,100, 

101. 

Yalberton, 42, 44, 56, 69, 72, 73. 
Yarneford Barn, 100. 
--Copse, 87, 89,99. 
Yarner, Yarner Beacon, 88. 
Yealmpton, 43. 

Zeolites, II. 
Zones, Devonian,6-1O. 
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CRETACEOUS ROCKS OF BRITAIN.-Vol. I. - GAULT AND UPPER GREE~SAND OF ENGLAND. 98. Vol. II. 
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70 • . S. 'Yo LINCOLNSHIRE, &c. By A. J. JUKES·BROWNE, and W. H. DALTON. 48. 
71 NE . NOTTINGHAM. By W. T. AVELINE. (2nd Ed.) 18. 
79 NW· • RTIYL, ABERGELE, and COLWYN. By A. STBAHAN. (Notes by R. H. TIDDEMAN). lB.6d. 
79 BE· . FLINT, MOLD, and RUTHIN. By A. STBAHAN. (Parts by C. E. De R.~NCE). 4 •. 3d. ; Sttpplement 2d. 
80 NW· . PRESCOT,LANCASHIRE. By E. lIULL. (3rd Ed. With additions I>y A. STRAHAN.) 38. 
80 SW . . CHESTER. By A. STRAHAN. 2 •. 
81 NW, SW· STOCKPORT, MACCLESFIELD, CONGLETON, and LEEK. By E. HULL and A. H. GREEN. 48. 
82 SE . PARTS of NOTTINGHA\fSHIRE and DERBYSHIRE. By W. T. AVELINE. (2nd Ed.) 6d. 
82 NE . PARTS of ~OTTINGHAIIISHIRE, YORKSIDRE, and DERBYSHIRE. (2nd Ed.) By W. T. AVELINB. t. . 
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87 SW· . BARNSLEY. By A. H. GREEN. 9d. 
88 SW· . OLDHAM. By E. HULL. 2.,. 
88 SE· • PART of the YORKSHIRE COALFIELD. By A. H. GREEN, J. R. DAKYNS, and J. C. WARD. lB. 
88 NE . . DEWSBURY, &c. By A. H. GREEN, J. R. DAKYNS, J. C. WARD, and R. RUSSELL. 6d. 
89 SE· . BOLTON, LANCASHIRE. By E. HULL. 28. 
90 SE· . COUNTRY between LIVERPOOL and SOUTHPORT. By C. E. DE R.~NOE. 3d. 
90 NE· . SOUTHPORT, LYTHA:\I, and SOUTH SHORE. By C. E. DE RANCE. 6d. 
91 SW· . COUNTRY between BLACKPOOL and FLEETWOOD. By C. E. DE RANC~. 6d. 
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96 KE· . ESKDALE, ROSEDAL};, &c. By C. FOX·STRANGWAYS, C. REID, and G. BARROW. I •. 6d. 
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9i SW . . INGLE BOROUGH. By J. R. DAKYNS, R. H. TlDDEMAN, W. GUNN, a.nd A. STRAHAN; 2 •. 
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98 SE· . KIRKBY LONSDALE and KE:"<DAL. By W. T. AVELINE, T. Me K. HUGHES. a.nd R. H. TWDEMAN. 28. 
98 NFl· . KE:-fDAL. By ,Yo T. AVELINE and T. Me K. HUGHES. 2nd Ell. by A. STRAHA:'i. ~s. 
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GOODOHILD. 18. ed. 

104 SW, SE . NOP,TH CLEVELAND. By G. BARROW. Is. 6d. 
101 . CARLIST,E. By T. V. HOLMES. Is. 3d. 
108 BE: . OTTEHBURN and ELSDON. By HDGH MII.LER. 28. 6d. 
108 NE . . CHEVIOT HILTJS. By C. T. CLOUGH. 18. 6d. 
10, SW· . PLAl'lHETTS and KIELDER. By O. T. CLOUGH I •. 
110 SW· . WOOLElt and COLDSTREAM. By W. GUNN and C. T. CLOUGH. 18. 6ei. 
110 NW· . NOHHA~1 and TWEE DMOUTH. By W. GUNN. 6d. 
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PHEF...:\CE. 

No Memoir issued by the Geological Survey has proved of 

more practical and scientific importance than the" Report on 

the Geology of CornwalL Devon and \Vest Somerset," by Sir 

Henry De la Beche. Although it is now out of print it should 

be mentioned that 1,500 copies were issued. 

Unfortunately it was published without an Index, the want 

of which has been felt by everyone who has used the work. 

Some years ago 1Ir. Clement Reid prepared a MS. Index, and 

this has proveu of so much service during the re-survey of 

Cornwall and Devon that it has been decided to print it for 

general usc. 

Geological Snrvey OfficI', 

28, Jermyn Sh'eet. Londo'fl, 

17th No vern ber, HI02. 

J. J. H. TEALL, 

Director. 
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Abbot's Kerswell, limestone of, 69. 
Abies oblonga, 238. 
Abraham, Mr., 247. 
Acrodlls, 2'25. 
Actinolite yeins in gt'eenstone, 269. 
Action of the sea on coasts, 43.5·449. 
Adits, 563, 564. 
Admiralty Charts, heights from the, 18. 
Adventurer, 536, 537, 565, 566. 
Agar, W'heal, 62l. 
Agassiz, L., on fishes in the Lias, 225, 

226; fish remains in coprolites, 
230. 

Agricola, G., 352, 370. 
Agriculture, 463·480. 
Alder, from submerged forest, 406, 418. 
Alex's Tor, height of, 17. 
Alfred, Wheal, 15, 306, 323, 330, 364, 

605. 
Aller Mills, 257. 
Alluvia'! soils, 477, 478. 
-- gold, 289, 613. 
-- tin, 622, 523, 525, 527, 532, 534, 

535, 545·547. 
Alluvium, 395, 423. 
Alteration in the mineral character of 

rocks, 32·36,261·270. 
Alternan, greenstone and ash of, 59, 

498. 
Alverdiscot, anthracite of, 126, 513. 
Alviggall Moor, lode on, 304. 
Amalebriu, china clay of, 513. 
Amblyurus lIIacrostomus, ~26. 
Ameliu, Wheal, 621. 
Amethysts in Com wall, 497. 
Amicombe Hill, height of, 4, 14. 
Ammonitcs aUl1atus, 224. 
-- altl'itus, 247. 
-- Bechci, 224, 227. 
-- B1'OoJ.·H, 224. 
-- Birclti i, 2'24. 
-- Bucklal1di, 224. 
-- c'irculal'is, 252. 
-- communis, 224. 
-- Dat·(ti, 224. 
-- denarius, 247. 
-- dentatlls, 247. 
--jalcatlls, 247, 251. 
-- jimbriatus, 224. 
-- Gooahalli, 239, 247. 
-- G1'cenovii, 224,227. 
-- Hel1leii, 224. 

A '11 III 011 iles heterophyllus, 2'24. 
-- Hippocastall1l1l1, 238. 
-- Johnstoni, 232. 
-- hc-cigatus, 225. 
-- lat(l!costatus, 2"25. 
-- lautus, 247. ' 
-- Loscombi, 224. 
-- oMl/sus, 224. 
. _. plrlllicostatus, 224. 
-- planorbis, 232. 
-- splendens, 239. 
-- stdlaris, 224. 
-- triseriahs, 247. 
-- tubereulatus, 247. 
-- 'caJ'ial1s, 238, 2a9. 
-- varicosus, 247. 
-- Walcottii, 224. 
Ampere, M., 383. 
A mphillesJn(t tenllistriatll iii, 243. 
Analysis of antimony ore, 616. 
-- arsenical pyrites, 618. 
-- bismuth ore, 615. 
-- blende, 616. 
-- of bonrnonite, 616. 
-- calamine, 616. 
-- copper ores, 590, 591. 
-- diallage from Harzburg, 97. 
-- jamesonite, 616. 
-- saussurite, 98, 
-- water of the Victoria Spa, Ply. 

mouth, 517, 518. 
Ancient mining, 522·547. 
Andrew, "'heal, 621. 
Ann, \Vheal, 583, 616, 621. 
Anthracite, 113,114, 124·126, 143, 144, 

513·515 ; of ZUlldsweiler, 135; sce 
also Culm. 

Antimony ores, 284, 286, 539, 615, 616. 
Antifluities in stream works, 402, 404, 

406, 407, 524, 525. 
Antlers in alluvium, 402, 404, 419. 
Apples, soils suitable for, 469, 472. 
ArQucQ1'ia peregrina, 223. 
Area j'otunaata, 239, 244. 
Area of the district, I, 2. 
Argentiferous galena, 284·288, 301 

612,647, 648. 
Arsenical pyrites, 618. 
Arthur's Hall, height of, 17. 
Arton, limestone of, 70. 
ARbestiform mineral in the trap of 

Duporth, 82. 
6689. in. 12751. 500-1/03. iVy. & S. 83511, A 



I~DEX. 

Ashbrittle, slates of, 502. 
Ashburton, anthracite scams at, 515; 

carbonaceous rocks of, 109, 116; 
intrusive trap at, 67; lime
stone of, 66, 267; sbte ,(uarries 
ncar, 50;~. 

Ashford, grauwaeke of, 5(i. 
Ash, limestones of, 71. 
Ashholt, limestone of, 54. 
Ashton, greenstone of, 112, 12:3; 

manganese at, 285, 609; soils of, 
470. 

Assaying copper ores, 595, 5D6. 
--- till orcs, 581, 582. 
AstaC/ls Zon.qimctJw8, 2:39. 
A stade, 2:39, 244, 251. 
Atmospheric influences, 449. 
A tmospheric pressure, sea level altereel 

by sudden changes in the, 11-13. 
At"ypa wssidca;' 60. 
-- reticuZul'is, 64. 
Aune, sec Avon. 
Auricu/a.' in(;1'[{ss(itrr, 2:3D, 2J6. 
Austen, It. A. C., 011 the Dm-tington 

limestone, 148; Plymouth lime
stone, 76, 150 ; ollunconformity of 
Cm'bonaeeous roeks, Ill;' Oll 
grauwacke, 68-70; on eleavll,gc, 
45; on raiscd bcaches alld es
tuaries, 424, 425; on gra vcl of 
Halrlon, 257 ; on (ireensan(l, 248. 

Austen's engille, 562. 
A vic1ila anomal", 245. 
-- in(t'1llimlcis, 224. 
-- ZaliccoZutu, 224. 
Avon, course, etc., of the, 2:3; gl'lWel of 

the, 458; Mouth, grauwacke of, 
78. 

Ax, course of the, 24 ; gravels of thc, 
458. 

Axe, coursc of the, 2:3 ; gravels of the, 
409; bar at the mouth of the, 448, 
449; buried forcst of the, 420; 
harbour at the mouth of the, 520 ; 
raised estuarinc beds of the, 425 ; 
valley, soils of the, 468, 469. 

Axinlls obscums? 59. 

Babbaeombe, limestone of, 71, 498; 
soils of, 470; gmuwacke and 
Trias of, 205, 206. 

Badger, \Vheal, :323. 
Baggy Point, tides at, 436 ; grauwacke 

of, 50. 130; soil at, 471, raised 
beach near, 424. 

Bltl, 566. 
Baldue Mine, 621. 
Balk, serpentine of the, 4DD; passage 

of hornblcnde slate into serpentine 
at the, 30; gmlJite vein at the, 173. 

Ballaswidden Mine, 552, 55B, 555, 583. 
Balnoon Mine, 306, 583, 621. 
Bampton, Carbonaceous limestones of, 

117; passage of gl'auwacke into 
Carbonaceous rocks, 1O;~, 104. 

Barcomb, greenstone of, 12l. 
Barham, Dr., on lktis, 524. 
Barle, course, etc., of thc, 24. 
Barley, soils suitable for, 472. 
Barncoose Mine, ID. 
Barnes, \\Theal, 621. 
Barnstaple, grmnv[wke of, 50, 51, 1;~2 ; 

passage of grauwacke into Cal·· 
bOl1i1CeOIlS rocks neal', 102, 104; 
Carbonaceous rocks of, 116, 117; 
limestone of, 117; anthracite of, 
513-515' raiseel beaches of 425· 
soil of, 471. " 

Bnrometer, Mr. \Vnlkcr on the, 11, 12. 
Baron Down, gmuwaeke of, D1. 
Barrett, Capt., 323, 403. 
lhrrows-on-hill, Ladock, height of, 16. 
Bars at the mouths of I'ivers, 438, 45D. 
Barton, eh'an of, 502. 
Basalt, 199-20J, 21l, 212. 
Basin Bridge, 422. 
Bathealton, soil of, ·171. 
Bca,ehes of the district, 23, 2(); c"st· 

war<1 movement of, 44()-449; 
pOlHling back rivers, 44(l 449 ; 
protection atforded by, 44:3, .J.44; 
raisell, 239, 423-4:34; ancient, of 
i:-le(lgmoor, 421. 

Deacon Hill, rcd rocks of, 71. 
-- -- i:-lanereed, height of, 15. 
Beam Miuc, 583. 
Beauchamp, Mr., cobalt fonnel by, 614 

copper orcs sold hy, 591. 
Beauchamp, \Vheal, 19, 551, 553, 555, 

597. 
Bcaumout, Elie de and Dufrcnoy on the 

Transition rocks of Fr"nce, 41, 
134 136. 

Bec(luerel, M., experiments ott crystal
lisation and electrical action, 379-
381; on electric currents of the 
globe, 383; on electro-chemical 
decomposition, 393, 394 ; on 
pseudomorphs, 390, 391. 

Bedding in granite, 163, 164. 
Beelrutlmn, erosion of the clitl·s at, 440, 

pI. 12, fig. 1. 
Beer Alston Mines, 301, 611, 647, 648. 
Beer Ferrel'S Mines, 647. 
Beer, Chalk and greensand of, 236, 2B9-

241. 
Beer-stone quarries, 240, 487, 488. 
Belemnites aduncrrtus, 224. 
-- clongatus, 224. 
- - lOJlgispinlls, 2:N. 
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Bellarmine Tor, height of, 6, Ii. 
Bellel'OpllOll costatlls, 63, 76. 
-- tCIIUljascia, i6. 
Bell ~Iine, 621. 
Bellul'ian Cove, junction of hornblende 

rocks "lItl gmuwill'ke at, 31. 
Belo\'ely Beacon, height of, 7, lti; 

granite of; 161; soil of, 477. 
Berger, Dl', J. F., OIl jointing, ~71 ; 

on flint", 26!; on red conglomer
ate,20·L 

Berry Pomeroy, limestone of, 70, 71. 
Berthier, M., on assaying copper ores, 

595, 596; on tin ores, JSl, 3S~. 
Berzelius, J. J., 389. 
Betsey, "Theal, 109, 301, 6W, 612. 
Betsey's Cove, grauwacke of, 95. 
Bickingtoll, connection between the 

Carbonaceous rocks and grauwacke 
of, llO; intrusive tmp at, 68; 
limestone of, 66, 69; slate quarries 
near, 1503. 

Bicknoller. grau\\'acke of, 33, 54. 
Bideford, anthracite near, 124-126, 143, 

H4, 313-;313; clay-iran-ore at, 
285; greensand near, 236, 249; 
soils of, 470; unworn flints near, 
241; contortions in carbonaceous 
rocks of, 123; Trias of, 210; raised 
beaches of, 425. 

Bigllllry Bay, grauwacke of, 77; Trias 
of, 210, 211. 

Bilton, Rev. W., 236. 
Bin Down, grauwacke of, SO; height 

of, 14. 
Binner Downs, height of, 1;; ; lodes of, 

307, 323; mine, 539, 551, 553, 621. 
Bischof, G., on temperature of mines, 

374. 
Bishopsteignton, Carbonaceous con-

glomera te at, Ill. 
Bismuth, 288, 614, 615. 
Bissy, Wheal, 333. 
Bitschweiler Beds, 134. 
Black Down, Madbury, grauwacke of, 

73,78. 
-- neal' Tavistock, height of, 4, 14. 
-- near 'Veymouth, plastic clay of, 

256. 
Black Down Hills, age of the valleys 

of the, 397; earth-works on the, 
4; gravel of the, 241, 255, 256, 
;~95, 408, 409; greensand of the, 
236, 242-253 ; physical features of 
the, 3, 4; soils of the, 468; w het
stone of the, 516. 

-- Head, ehan of the, 182; gran
wacke and greenstone of the, 82 ; 
height of, 17; serpentine of, 97, 
499 ; Signal House, height of, 115. 

GriS9 5 

Black Hill, uear Exmouth, 235. 
-- Jack, 287,327, 616, 617. 
-- Yenn, gravel of, 256. 
Blackwater Hill, height of, 18. 
Blagdon Cross, red rockg of, 71. 
Blast furnaces, minerals formcd in, 2ri6. 
Bleadon, calamine at, 285; magnesian 

limestone of, 194. 
mende, 287, 327, 616, 617. 
Blisland, elvans of, ISO. 
Blowing-hou<es, 530, 531, .338, 546. 
Blown sand, cause and distribution of, 

25, 2(j, 443-446; concretions in, 
49,j, 496; economic use of, 478-
4'l0, tH6 ; of Newquay, 645. 

Blue Anchor, New Red i:landstone of, 
19u. 

Boase, Dr. H. S., on the !1utlIracite of 
\Y"llapark ClifT, 106; chin,,-stone, 
312 ; dressing ores, 576 ; elevation 
and fertility of soils, 475, 476; 
granite, 156, 157, 159, 160, 162, 
163; veins at Kernick Cove, 173 ; 
on the gravels of St. Agnes Beacon, 
239; hornblende and chlorite, 57 ; 
joints and cleavage, 44, 191, 2S1 ; 
potstone near Pollaphant, 59; 
raised beaches, 424; serpentine of 
the Lizard, 97, 98; slate quarries 
of Delabole, 57, 58; submerged 
forests, 417, 418; talcose slates of 
the Lizard, 29 ; Transition rocks 
42,43. 

Bochin, trappean porphyry of, 99. 
Boconnoc, gran wacke of, 80. 
Bodeeve Cove, grauwacke of, 89. 
Boclmin, freestone of, 491 ; grauwacke 

of, 81, 91. 
-- Down, height of, 7, 14. 
Bodragan, grauwacke of, 83. 
Bogee Downs, height of, 7, 17. 
Bohortha, height of hill near, 16. 
-- Point, grauwacke of, 93. 
Bollowall Mine, 583, 621. 
Bolt Head, height of, 5, 14. 
-- Tail, mica-slate, etc., of, 27. 
Bolton, "'heal, 621. 
Bonsdorf's analyses of horn blencle, 268. 
Boracic acid, 190. 
Bore, 459. 
Boring at Bovey Heathfielcl, 24S. 
BOl'lase, Rev. W., all antimony ores, 

615; blown sand, 478, 496 ; clays, 
512, 513 ; copper ores and mining, 
539, 540, 590-592; deer's horn at 
Newquay, 645; faults, 644; flint 
gravel at Vorlas, 646; gold in 
Cornwall, 614, 615; lead in Corn
wall, 611 ; lime, 509 ; manganese, 
610; on mineral wells, 517 ; raised 

A 2 
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Borlaso, Rev. ''I.-coni. 
beach at Pornanvon Cove, 423; 
red deer ill Cornwall, 645; slates 
at Delabole, G03, 504; soil near 
Mullion, 474; stream tin. 534, 
53;"); su1nnergeo forest of Moullt's 
Bay, 645; tin milling, .")25-527, 
534-5:38. 

Bosava elcvall, 502. 
Boscastle, ash in Carbonaceous rocks 

of, 119; Carbonaceous roeks of, 
115, 116; gmuwacke and Carbon
aceous rocks of, 56, 106, HO. 

Boscaswell Downs Mine, 582, 621. 
-- Dues, 583. 
Boscean Mine, 583, 621. 
Bosorn Mine, 583, 621. 
Bosprual Mine, 536. 
Bossiney, greenstone of, i;7. 
Bossington Beacon, height of, 18. 
Boswednon Cliff, greenstone of, 502. 
Botallack Mine, 5S4, 597. 
--, cobalt near, 615. 
Bothl'odend1'On in grauwacke, 50. 
Botright, .John, 647. 
Bottle Hill Mine, 285, 583, 609. 
Bonnding tin mines, mode of, 522, 546, 

547. 
Bournonite, analysis of, 616. 
Boussingault, .r. B., 385. 
Bovey Tracey, boring in "Greensand" 

at" 248; clay of, 256, 258, 511; 
flints, unworn, at, 241 ; lignite or 
coal, 24S, 2:'57, 2;)8, 515, 516; 
analysis of tourmaline from, 189; 
antimony near, 616. 

-- Sand Bay, slatcs of, 65. 
Bowden, greenstone at, 121. 
Bowdley, schod-rock of, l.i8. 
Bow Hill, gran wacke of, 70. 
Bow slate quarries, 503. 
Boys, 'Wheal, 615. 
Brachiopods, 51, 60, 64, 7;3, 76, 224, 238, 

2J5, 240. 
Bradninch, soils of, 469 ; trial for coal 

u.t,515. 
Branscombe, Chalk and Greensand at, 

2JO; Trias and gypsum at, 208, 
505. 

I3raunton Burrows, blown sand of, 26, 
444, 448; buried forest at, 419; 
raised beach at, 424-429. 

Bray Hill, height of, 17. 
-- Ri,-er, conrse, etc, of the, 

23. 
J3reagne, china-stone of 513 ; lodes near, 

307; granite of, 494; height, of, 
15. 

Breakers, destrncti,-e power of, 427-
44;~. 
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Breddon Down, grauwacke of, 52. 
Brendon Hill, grauwacke of, 53. 
Brent Tor, height of, 4, 14; jasper of, 

498; trap of, 119-122; conglome
rate of, 454. 

Brey Down, height of, 18. 
BI·ice Moor, Chalk of, 237. 
Bridestow, Cal'bonaceouB limestone of, 

117,118. 
Bridford, Carbonaceous rocks of, 141; 

soils of, 470, 477 ; trap of, 123, 268, 
498. 

Bridgewater, new red sandstone of, 
195; soils of, 468. 

-- Levels, extent of the, 26; marine 
beds of the 421, 422; soil of the, 
478 ; submarine forest at the, 419, 
420. 

Brin Tye Mine, 552, 553, 555. 
Bristol, copper smelting at, 540. 
Bristol Channel, floods of the, 12, 13, 

submerged forests of the, 419, 
420 ; tides of the, 436. 

Brittany, 132, 135. 
Brixham, cleaved limestone and slate 

at, 278; iron-lode near, 617; slate 
quarries, 503. 

Broadbury Castle, height of, 14. 
Broadhempston, limestone of, 66, 

69. 
Broad-oak Common, grauwacke of, 

80. 
Brocka Barrow, height of, 17. 
Brockwell, hematite in the New Red 

Sandstone of, 197. 
Brongniart, Adolphe, on the formation 

of coa.l, 144; plants in the 
grauwackc, 133, 134, 136, 137. 

Bronze implements in stream-works, 
524,525. 

Broomfield, grauwacke of, 55. 
Brothers of Grugith, 296. 
-- 'IVheal, 613, 621. 
Brown coal, 248, 257,515,516. 
Brown Gilly, height of, 18. 

'Willy, elvans of, 181, Ifl3; 
granite of, 159, 165,492; height 
of, 6, 14. 

Brue, course, etc., of the, 24. 
Brushford, Carbonaceous limestone of, 

117 ; fault near, 294. 
Buccinwn, 65, 76. 
Bucka Burrows, grauwacke of, 80. 
Buckfastleigh, connection between the 

grauwacke and Carbonaceous rocks 
of, 110, 116; gl'auwacke of, 66, 
503; intrusive trap of, 68; schod
rock of, 158; slate quarries near, 
503. 

Buckingham copper-minc, 64t. 
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Buekhtnd, Rey. Dr. \Y., on coprolites, 
229; on conglomer,tte in Inferior 
Oolite, 233; on Bridgewater lerels, 
J21 ; on gral'el, 235, 236; on lias 
saurian~, :?:30; ossiferous fissures, 
J12, JU. 

-- and Re\'. \Y. D. Conybeare, on I 

the buried forests at Stolford, etc., 
J19, J20; on south-western coal
district, 193. 

Budleigh Salterton, New Reel Sand-
stone of, 20S. 

Budnick, Wheal, 582, 621. 
Budock, height of, 8, 16. 
Building Stones, J83-~96. 
Bulhtnd slate 'luarries, 503. 
Bullen Gartlen1\1ine, 536, 339, 3Ji, 369. 
Buller, "Theal, 621. 
Bullowhall, height of, 15. 
Bull Point., gran wacke of, iO. 
Bunches of are, 323, 32i. 
Bunker's Hill, anthracite of, 515; 

limestones amI red rocks of, 71. 
Bl1l'at, A., on plants from the grau

wacke, 132, 133; the Transition 
rocks of France, Jl. 

Burnt House, el ntn at, J8J; height of 
the hill abol'e, 7, 16. 

Burr, F., on variation in the contents 
of lodes, 338, 339. 

-- copper mining, 602. 
Burrow, ,Yheal, 597. 
Burthy Hill, height of, 7, 16 ; quarry 

at, 492 .. 
Burtle Beds, 421, J22. 
Bury Down, grauwacke of, SO, SI; 

height of, 6, 18. 
Busy, \Yheal, 5JS, 597, 62l, 635, 638. 
Butterton Hill, height of, J, IJ, 

Canbnry, soils of, J69. 
Cadgwith, serpentine of, J99. 
Cadon Barrow. height of, G, lJ; 

micaceous slate of, 58. 
Caerleon. height of, Iii. 
Cagniard-Latonr, 1\1., 381. 
Calamine, analysis of, GlG; in the 

Carboniferous Limestone, 283, 285 ; 
mode of occurrence of, 319, 320. 

C((lcUllilcs, 126. 
Cal Downs, height of, 18. 
Callington, direction of the lodes near, 

301; faults near, 296; slate 
quarries near, 503. 

Calli'luorter Rock, granite, etc., of, 
160; hcight of, 7,16. 

(,((IJlIIICIi/, ii/((cl'OphtlwliJ/((· 51. 
Camborne Consols 1\1ine, G21. 
-- grauwacke of, 100 ; district, IOtIes 

and 81 vans of the, 310. 

, Cambrian t'ystenL objections to the 
name, 39, JO. 
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Came Down, gra\-el of, 236. 
Camel, course of the, 22; gnLl'elof the, 

J,5S ; submerged forest of the, J18. 
Call1E>lfurd, elyan near, lSI, 502 : tlinty 

slate near, 38; mica slate of, 268. 
Cann slate qun.rries, 62, 303. 
Cmmington, faults at, 291, 292 ; grau

wacke of, 56. 
-- Park, limestone of, 35, 56. 
Callnonteign, calcareous nodules in 

dark slate near, 112. 
Cant Hill, height of, 17. 
Captain, mining, duties of a, 32S, 566. 
Caradon Hill, height of, 6. U. 
Carbarrow, height of, 6, n. 
Cm'billey Tor, height of, 6, 17. 
Carhonaceous rocks, 101-13,"), 6J:3; for 

building stone. J90; lime frol1l the, 
506, 508 ; roads on the, 482 ; soils 
all the, J711; weathering of the,433. 

CMbonate of lime in spring and river 
water, J50, J37. 

Carboniferous Lime,tone for building, 
J90; e'luh'alent of, 130, 1,")1; 
fo,~ils in the grau\\'acke, 1,")3, I,")J. 

Carboul Tor, height of, IS. 
Carclaze, alternati.ng Hehorl-rock alllI 

granite of, IGJ; Tin ;\Iine, 7, 16, 
3JG, 3J7, 621. 

Carclew Park, height of, 16. 
Cardinham Bury, height of, 6, 17; 

el vans of, 181. 
Ca)'([iu1n alalol'm~, 6J, 73. 
-- Hillal/uln, 239, 2M, 2JS. 
-- Jll'oboscic[CUlit, 2JJ. 
Cardre\\' ~Iine, 531, 56J, 397, G21. 
Careglooz, junction of serpentine and 

diallage-rock at, 98. 
Carew, H., on anti(luitie~ in stream

works, 525; Cornish copper min
mg, 532, 533; tin mining, 526, 
532: diamonds, 491; harbours, 
518 ; slates, 503 ; the duty on tin, 
58G; gold in Cornish grayels, 613 ; 
lime-bnrning, 309; Pentwm stone, 
J95. 

Carglaze, 8CC Carclaze. 
Carharrack and ,YhealMaiden, 597,621. 
Carhayes, grauwacke of, 8J. 
Carliq uoita Rock, scc Calliqnoiter Rock. 
Carnarthell Hill, height of, 18. 
C'trnlJeack Point, height of, 1 i. 
Carns, FOl'1llfLtion of, 4J9 J32. 
Carn IlonelliB, sc,'· l\Ull :\[en"le7,. 
--- 1l0saYel'll, height of, ]". 
--, Hrea, gmnite of, ](j2; height of, 

8, 18; Mine, 3J3, 58:3, 597, 621 : 
rock ba~ins of, 4,)2. 
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Carn Entml, height of, 19. 
Carn Kie Beacon, height of, 19. 
--~Iarth, granite of, 162; height of, 

8, 19. 
--Menelez, granite of, 160, 492, 493; 

height of, 7, 14. 
--·Sih·er, gmnite yeins at, 172. 
Carne, J., on ancient copper mining, 

533; blown sand, H3; copper 
luining, 826; 33.3; granite of 
Land"' End, 136, 164; granite 
yeins, 169, 171, 172; joints in 
granite, 164; metalliferous rock;, 
337; mixed ores, 596; pebbles in 
lodes, 322, 323; mised beaclle~, 
..f-23, 424; raising OTes, 572, 573; 
relati"e ages of fissures, 333; 
~tream tin, 399, 400; un watering 
mines, 548, 538, 539; yeins of 
Cornwall, 329, 330. 

Carne, grauwacke of, 93. 
-- Beacon, height of, Hi. 
Carnhaut, eh'an of, 178. 
Carnhingey, height near, 8. 
Carnidjack, height of, 9, 13. 
Carnmere, grauwacke conglomerate 

of, 94. 
Carnminnis Hill, height of, 14. 
Camon, eh'an near, 510; stream·tin 

works, 403, 404, 406, 407, 614. 
-- :llIine, 582. 
Camsew, Master ,Yilliam, On tin 

mininO', 526. 
Carrygian "Roche '\Iine, 621. 
Carvinack, height ne~U', 16. 
Carzise l'Iine, 553, 583. 
Cassiterite, sec Tin ore. 
Castle an Dinas, clayey elyan near, 

453; granite of, 161, 162, 494, 
300 ; lleight of, 7, 9, 15, lG; meta· 
morphism at, 268; soil of, +77. 

-- Canyke, grauwacke of, 91. 
-- Trereen, schorl at, 161. 
-- ,Yheal, 583. 
Cat Down, marble of, 498. 
Cathedral, lI·heal, 339, 340. 
Catillll8 CI/cieri, 2;n. 
Caunters, see Contras. 
Cawsand, grauwacke of, 65; tmp of, 

65,211,212, Z79. 
--Beacon, height of, 4, 14. 
Celestine in the New Bed marl. 3:W. 
Celts, in strealll·works, 524, 325. 
Cement Stone, 303. 
Cetacean bones in Etre:.lm·works, 402, 

407. 
Chacewater Mine, 19,539, 548, 549. 
Chair Ledder, joints in gmnite at, 164. 
Chalcedouy in the Greensand, 262-

264, 49tl. 

Chalk, 233-242. 
-- flints in rallied beaches, 429, 433. 
--, pipes in the, 241, 235. 
-- with quartz·grains, 237, 239, 241, 

234. 
-- weathering and dissolution of, 

433,456. 
Challacombe, grauwacke of, 52; lime· 

stone of, 129. 
Clmlybeate springs, 517. 
Chance, Wheal 559, 613. 
Change, ,Yheal (Lanevit), 621. 
Chapel Carn Brea, height of, 9, 15. 
-- Point, granwacke of, 83. 
Chapman Barrows, height of, 2, 14. 
Char, submerged forest of the, 417 . 
Chard, Chalk and Greensand of, 237, 

241; fault at, 290 ; hill gravel of, 
230; trial for coal at, 513. 

Chardstock, Chalk of, 237; with 
quartz-grains of, 241. 

Charlesto\\'n, grauwacke of, 82; height 
of hill near, 17. 

-- .\line, 303, 331, 532, 553, 53.5, 572, 
382, 621. 

Charles Town, china· clay and stone of, 
510,312. 

--, 'Wheal, 62l. 
Charlinch, faults at, 292; grauwacke, 

of, 56. 
Charlton Bay, Marls and Lias of, 209. 
-- Common, height of, 3, 14. 
Charmouth, gra"el of, 395, 396, 4t2 

loss of land near, 440. 
Charters to Tinners, 526, 527,531, 646. 
Che(lzoy, 421. 
Chemical analyses, sec Analyses. 
Chemical deposition of schists, 28. 
Cherriton, grauwacke of, 47. 
Chert, formation of, 262, 263 ; used for 

building, 488; for road metal, 481. 
Chiastolite in altered slates, 268. 
Chick Rock, trap and grauwacke of, 

87. 
Chideock Hill, Inferior Oolite of, 234. 
Chilton, recent marine beds of, 422. 
China-clay and stone, 162, 257, 258, 

387,4.52, 309-513. 
-- of Bovey, age of the, 257, 258. 
Chit Rock, fall of the, 441. 
Chittlehampton, anthracite of, 513, 

314. 
Chlorite·slate and rock, 27·36. 
Chloritic Marl, 237·239, 241, 2M. 
Chudleigh, limestone of, 73·75, 110, 

206, 497, 643; carbonaceolls rocks 
of, 110-112, 116, 144, 145. 

Ch Ul'lhanger, volcanic ash of, 120. 
Chyandower, soil near, 466. 
Chyoon, soil of, -1-76 



IXDEX. 

Cidaris Bcclici, ~~J, 2~'. 
-- mriolaris, 238. 
Cider, soils suitable for, J69, J72. 
Cirrus anthts, 64. 
Clarence, '''heal, 621. 
Clark, Sir T., copper smelting by, 541. 
Clatworthy, grauwacke of, 33, 130. 
Clay-with-fiints, mode of formation 

of, ~55. 
Clay, see also China Clay. 
--- white, 237. 
Clayh~nger, culm-measures of, 103; 

grauwacke of, 53. 
Cleayage in slates, etc., 44, 43,208,273· 

279. 
Clicker Tor, grauwacke anf1 serpentine 

of, 79, 96. 
Clifts, destruction of, 433-449. 
Clift, W., 414. 
-- grauwacke of, SO. 
Clifton, "'heal, 597. 
Cligga Point, granite of, 162, 164, 501. 
Climate of Devonport and Plymouth, 

465, 466; of Lyme Regis, 464, 
465 ; of Penzance, 464. 

Clinton, Wheal, 621. 
Clovelly, woods of, 467. 
Clowance, direction of the lodes near, 

307. 
--- Downs l\Iine, 539. 
Clymcnia at South Petherwin, 140. 
-- [,rvigata, 60. 
Coal, formation of, 143; trials for, 

515. 
Coasts of the district, 24-26. 
Cobalt ores, 2S4, 614, 615. 
Cock, Huel, 539. 
Cockington, red ~anc1stones of, 71, 72. 
Cockington Head, Bideford, 123, 125. 
Cock's Tor, height of, 4, 14; greenstone 

of 122, 26S, 49S. 
Coddan Hill, height of, IS. 
Coinage-towns for tin, 527. 
Coit, Wheal, 621. 
Cole, Viscount, 225. 
Coleia antigua, 225. 
Colenso, J. IV., on the Pentuan stream-

works, 401-403, 407. 
Collumpton, anthracite at, 515. 
Coly Valley, soils of the, 469. 
Combs of lodes, 325. 
Combe Beacon, fault at, 290. 
-- Haune, grauwacke at, 81. S2. 
-- Martin, grauwacke of, 48; iron-

lodes near, 617 ; limestone of, 54, 
53, 129; mines, 611, 612, 648; 
umber at, 646; soils of, 471. 

-- Pyne, 209. 
-- St. Nicholas, Chalk of, 237. 
Compton, limestone of, 70. 

Concretions, examples of, '262-264. 
Conglomerates in the Carbonaceous 

series, Ill, 145; in grauwacke, 31, 
72, 13:~; in Inferior Oolite, 235 ; 
recent, 431. 

Connator quarry, iO, 75, Ill, 643. 
Conner Downs, height of, 15; grau

,yacke of, 100. 
Consols 1.1ine, 323, 324, 373, 539, 542, 

551, 533, 539, 563, 565, 572, 583, 
597,600-603,607, 621, 636,639. 

Constantine, height of, 8, 16 ; granite 
of, 160, 16:~. 

__ Bay, blown sand of, 444; gran· 
wacke of, 89. 

Contortions, date of, 311, 312; in 
gmuwacke of N. Devon, 54; caused 
by lateral pressure, IS7, 188. 

Contras, 353, 33+, 363 -365. 
Conybeare, Rev. J. J., on the slate 

rocks of Devon, etc., 42. 
__ on red san,lstone series, 201, 204, 
__ Rev. IV. D., on poicilitic rocks, 

1:.'0, 193. 
__ on Bridgewater levels, 419, 421. 
Cook's Kitchen mine, 19, 547, 559, 583, 

597, 621. 
Cookworthy's china, 5l3. 
Cooling globe, theory of a, 151. 
Coose .l\100r, Carbonaceous rocks and 

grauwacke at, 106. 
Copper, amount raised, 606-608 ; loss 

of, in refineries, 607, 643 ; native, 
at Fowey Consols, 336; in steatite 
veins, 98; sales of, 540· 544, 596 
600; yellow bisulphuret of, in 
elvan, 182. 
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__ Bottom Mine, 307,597,621. 
__ mining, ancient, 532-534, 538-

541 ; modern. 556-573. 
__ Ore, analysis of, Phillips', 590 ; 

Thomson's, 590. 
__ distribution of, 284-286 ; mode of 

assaying, 595; dressing, 592-595; 
occurrence of, 326-329; of 'Vest 
Somerset, 609. 

-- Valley Mine, 621. 
Coprolites in the Lias, 229. 
Corals, fossil, 59, 79, 82, 223. 
COl'bons rocks, mnrchisonite at, 20S. 
C'in'iJ1lla, 24:3. 
Comborough, faults ncar, 293,294. 
Cornish crucibles, 3l0; diamonds, 496, 

497 ; granite, 492-494; pumping
engines, 549-556, 634·642. 

Cornwall Great United Mine, 583, 621. 
Cornwood, china-clay of, 509. 
Cornworthy, limestone of, 66. 
Cory ton, Carbonaceous limestone near, 

117, liS; slates of, 502. 
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Cosgarne Do\\-ns height CJf, 19. 
Costal', J .. on copper mining, 591. 
Cote1e, calcareous slate of, 62. 
Cothelstone Park, limestone of, 5,1, <lV. 

Cvt ton. Dr. E., on magnetic iron ore, 
618. 

Coycrack CoYe, height near, 15; soil 
of. 473; diallage-rock of, [lS, 483 ; 
serpentine of. 97, 98. 

Cow stones in the (ireensand, 237 ; pro
teet ion of the cliffs by, 44:3. 

Crantock, blown sands' near, 445; 
grau wacke of. 8, ; wellncai', 517. 

-- ChUl'ch, stone of. 495. 496. 
Crebor, 'Yheal, 373. 60S. . 
Crediton, New Red i"andstone of. 202; 

granite pehhles in the, 166; trap 
in the. 201. 

Creeghroaze Hill. height of, 19; quar-
ries, eh'an of, Iii. 

Crcigbraws Clline, 621. 
Cremil Passage. grauwacke of, ,8. 
Crem-er, \"Theal, 365. 
Cretaceons rocks, 235-234. 
Crinnis Mine, 303, 331. 
Crinoids, 59, 7[l, S2, 224, 22,. 
Cri,.;tow, CClI'bonaccous rocks of, 141 : 

greensto()ne of, 123, 268, 498 : man
ganese at, 609 ; soils of, 470, 4 ii. 

Crokern Tor, st'~nllary parliament at, 
618, 619. 

Cross, lI11'., 393. 
Cross-courses, :301-309, 334, 355, 367. 
Cronsa Downs, gra,-e1 of, 30G. 
-- stone (diallage rock), 485, 300. 
Crowan Beacon, height of, 15. 
Crowndale lIline, 301, G08. 
Croyde Bay, grauwaeke of, 30. 
Croydon Hill. grauwacke of, 33, 3.3; 

soils of, 470. 
Crucible clay, 510. 
Crustacea, 60, 79, 239. 
Cubert, height of 16 ; e1\-an of, 17S. 
Cucu[[,w, 239, 24,*. 
Cuddan Point, grauwacke and trap of, 

100. 
Cuddra :\Iine, .383. 
Culborne Hill, height of, 3, 18. 
Culm. amount raised, etc., 513-313; at 

Bideford, 124-126; formation of, 
143, 144. 

-- sec also ~-\.nthracite. 
-- Measures (Carbonaceous deposits), 

101-135; passage into grauwacke, 
102-103. ]]7. 

--- Riycr' alluyium of the, ->,,: 
coursc ~f the, 2:3. 

C111mifel'ous shales. 1:31. 
Cuh-erhole Point, ~narls of, 209, 2](1. 
Cmtis, 'Yheal, 597, 6:21. 
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Cury, height of, 15. 
Cntcomhe, gl'auwacke of, 53. 
Cyrwlcoirlw ]Jygm02(f, 223. 
Cyclal'thl'll' macl'OpterllS, :226. 
Cyprilla, 24-*. 
Cytherea, 2:39, 244. 

Dadyscombe, passage of grauwacke into 
Carbonaceous rocks at, 104. 

Dainton, limestone of, 69. 
Dalwood Valley, fault of, 291. 
Damsel, 'Vheal, 19, 501, 351, 35:2,555, 

597, 6:21. 
Daniel, Prof., analysis of water from 

the Yictori-t Spa, Plymouth, 517, 
518 ; on fusinn of copper, 191. 

D(lper/ius, :225, 2"26. 
Darcet, M., 390. 
Darlington, 'Yheal, 531, iJ33, .35j, 56:2, 

582, 39i, 621. 
Dart, course, etc., of the, 23 ; gra\-els 

of the, 411, 43S, 459; shoaling of 
the, 460. 

-- Yalley, soils of the, 4,:2. 
Dartington, limestone of, 66. 
Dartmoor, china-day of, ii09; eh-ans 

north of, 184; granite of,157-160, 
163 163; micaceous iron-ore of, 
617 ; ores of, 283-28.3; physical 
feature~ of, 4, 5 ; soils of, 475, '*77 ; 
stone of, 491,492. 

Dartmouth, gl'(111wacke of, 7i; vege
tation of, 466. 

D·~-\.llhuisson de Yoisins, J. F., 3i1, 
37:2. 

Davidstow, greenstone of, 57, 498; 
metamorphism of, 268; micOlce
ous slate of, 58. 

-- Moor, height of, 6, Ii. 
D,twlish, faults near, 295; Xew Hell 

Sandstone of, 204, 208. 
Deadman Head, height of, 14. 
Dean Chmch, limestone of, 66. 
Dechen, H. yon, 171. 
Decomposition of gTanite, 159, 160, 

164; of rocks, 449-456. 
Deer-antlers in alluvium, 402, 40,*, 

419. 
Delabole. slate quarries at, 5G, 38, 

49 i, 502--504. 
Delameer Down, height of, 1 i. 
De Luc, J. A., on marine denudat.ion, 

440; on coal-measures, 144. 
-- the Plymouth limestone, 64. 
Denbnry, limestone of, G9. 
Denham, Capt., and Mr. 'Yalker, on 

tidal phenomena, 10-13. 
Denha.m's Bridge, carhoniferons slates 

Of, 90. 
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Dennis Head Camp, height of, 16. 
Dentalium, 246. 
Denudation, marine, 435-449; sub

aerial, 449-460; of th'l chalk, 24l. 
Depth of the sea near Cornwall, etc., 

24. 
Derbyshire, lead lodes of, 338. 
Deveron, plumbago near, 618. 
Devonian rocks and mica-slate near 

Hope, 28; System (grauwacke 
group ¥I part), 37-100. 

Devonport, climate of, 465. 
Devonshire batts, 516, 517. 
Diallage-rock, soil on t,he, 473; for 

ornamental purposes, 500; for 
road metal, etc., 485; of N are 
Head, 84, 85; of the Lizard, 96-
99. 

Dillwyn, L. L., 19l. 
Dinas Head, denudation at, 439 ; grau

wacke of, 89. 
Dindods Tin Mine, 648. 
Diodorus Siculus, on British tin 

mines, 523, 524. 
niorite. See Trap. 
Dislocations, age of, 644. 
Dip, effect on denudation of the, 44l. 
Diptford, intrusive trap of, 68. 
Ditsham, limestone of, 66. 
Divisional planes, 270-282, 643, 644. 
Doddington, copper at, 609; limestone 

at, 54, 55. 
Doddiscombleigh, carbonaceous rocks 

of, 141; manganese at, 285, 609. 
Dodman Point, grauwacke of, 83-85. 
Dolcoath Mine, 19, 176, 284, 288, 306, 

324, 365, 367, 374, 392, 536, 539, 
551, 552, 555-560, 597, 607, 613-
615, 621, PI. 7-9. 

Dolomite, Von Buch on, 266; of 
Kitley Park amI Yealmpton, 65. 

Dolomitic conglomerate and limestone, 
194-196, 198, 199, 208, 210, 214; 
used for building, 489; lime, 505, 
506. 

Dowgas Mine, 98, 332. 
Down Cliff, Bridport. 235. 
Down End, height of, 18. 
Dozmere Pool, height at, 18. 
Drainage of the district, 19-24. 
Draining mines, ancient mode of, 529, 

535,536. 
Drains Down, height of, 18. 
Drake's \Vall Mine, 302. 
Dressing tin ores, 529, 530, 537, 538. 
-- copper ores, 592, 595. 
Drewsteignton, carbonaceous rocks of, 

116,118. 
Drift, northern, 399-40l. 
Druid, 'Wheal, 19. 
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Druide, 451. 
Druses in veins, 319, 324. 
Dry Tree, Goonhilly Down, height of, 

16. 
Dubbers, lode at, 30t 
Duchy, Wheal, 288, 613. 
Dudman's Mine, cobalt at, 614. 
Duffield Mines, 597. 
Dufrenoy, P. A., 135. 
Dulverton, grauwacke of, 117; soil of, 

471. 
Dumpdon Hill, height of, 4, 14. 
Dunbar sands, 479, 520; submerged 

forest of, 418. 
Duncannon, grauwacke of, 72. 
Dunchideock, trap in the New Red 

Sandstone of, 203,204,217. 
Dunkerv Beacon, height of, 2, 14. 
Dunscombe Hill, gravel of, 255. 
Dunsford, carbonaceous rocks of, 116. 
Dunstone (and see Greenstone and 

Trap), 471. 
Dunterton, trap of, 119, 120. 
Dunwell, limestene of, 66. 
Duportb, con('retionary structure in 

trap at, 82. 
Durfold Hill, height of, 6, 17. 
Duty of pumping-engines and tables, 

551-553. 

Earthquake waves in the New Hed 
Epoch, 216, 217. 

Earth-works and camps on the Black· 
downs, 4. 

Eastacot, culm at, 514. 
East Beam Mine, 583. 
-- Cornwall Mine, 621. 
-- Crinnis Mine, 323,334, 552, 553, 

555, 597, 621. 
-- Crowndale Mine, 608. 
-- Dazard, height of cliff above, 17. 
-- Down,ochl'e at, 646; slate-quanies 

at, 503. 
-- -- Mine, 621. 
-- Leyant Mine, 583. 
-- Ogwell, Carbonaceous rocks of, 

111, 144, 145 ; fossils in ash at, 70. 
-- 1'001 Mine, 597, 622. 
-- Quantockshead, loss of land near, 

441. 
-- Tincroft Mine, 622. 
-- Wheal Basset, 62l. 
-- -- Crofty, 551,552,555,597,621. 
-- -- Fortune, 583. 
-- -- Rose 552 553 555 611 
-- -- Stra'~ber~y, 583, 622. . 
Echinoderms, 224, 235,238,243,248, 249. 
Echinonws lampas, 238. 
Echinus areolatus, 238. 
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Economic geology 461-624. 
Eddystone, gneiss of the, 3:2. 
Edmond Earle of Cornwall, 526. 
Edward, \Vheal, 583. 
Ed ward I.,charter to tinners of, 626,627. 
Egerton, Sir P. de M. G , 225. 
Egg Buckland, slate quarries near, 503. 
E<Tloshayle, grauwacke of, 88, 90. 
Elephant remains in g-rayels, 412, 413. 
Elizabeth, Wheal, 597. 
Ellen, Wheal, 542, 597, 621. 
Elm from submerged forest, 418. 
Elvans, 173--192; age of, 173,174,183, 

184, 217, 300, 312, 361,362 ; blocks 
of, near Morte Point, 49 ; concre· 
tionary structure in, 450, 451; 
connection of, with mineral veinR, 
286, 288, 328-333; decomposition 
of, 386; direction of, 362; at 
Erme Mouth, 78; at 'Vfl.lergate 
Bay, 86; for building, 491; for 
polishing, 501; for road·metal, 
484; traversing greenstone, 18<;. 

Empacombe, grauwacke of, 78. 
Enclinites, 59, 79, 82, 224, 227. 
Endellione or llournonite, 616. 
Endellyon, antimony &.t, 539, 616; 

grauwacke of, 88; height of, 17. 
ERdsleigh, volcanic ash of, 120. 
English's Mining Heview, 551-553, 5U5, 

566, 568, 569. 
Enmore, lirr.estone of, 54. 
Ennis, elvan of, 502. 
Entral Mine, 539. 
Enys, J. S., on Cornish pumping· 

engines, 634-642; on joints in 
granit.e, 271. 

Eocene (Bovey tleposit), 248, 236 258. 
Epidiorite, see Trap. 
Erme, course, etc., of the, 23; gravel 

of the, 438. 
--- Mouth, bar at, 448; grauwacke 

and elvan of, 78. 
Erosion of the chalk, 241,255, 455, 456. 
---- coast, 4:)5-449. 
-- subrerial, 449 460. 
Estuarine beds, raised, of the Exe, 425. 
E IIgnath1l8 sp., 226. 
Euny \Yell, :Sancreed, 517. 
Exe, bar at the month of the, 448; 

course of the, 21, 23; fault- in the 
valley of the, 294; gravel of the, 
458, 459; rai,ed estuarine beds of 
the, 425. 

Exeter, Cal'bonaceous rocks of, 116; 
fHults near, 294, 295; New Red 
Randstone of, 204; trap near, 203, 
215; trial for coal at, 515. 

-- Cathedral, stone nf. 488. 
Exford, soils of, 471. 

Exmoor, grauwache of, 128; height 
and extent of, 2. 

Exmouth Harbour, 520. 
E."ogyra conica, 240, 248, 249. 

-- digitata, 238. 
-- halyotoidea, 245, 249. 
-- lcwigata, 240. 
-- ulldata, 245. 

Fal, course of the, 22. 
Falmouth, grauwacke of, 93; raised 

beach at, 428, 432; Swan Pool, 
near, 447; estuary, grauwacke of, 
86 ; sediment deposited in, 458. 

-- Harbour, sand of, 479. 
Fancy, \V!Jeal, 621. 
Fatwork Hill, metamorphism at, 268 ; 

soil of, 477. 
Faults, 289-394; age of, 296-299, 311-

314, 644; branching of, 308, 315-
317 ; formation of, 356-360 ; Hop· 
kins' Theory of, 356-359, 367, 
368; repeated movements in, 343-
345; direction of, 363-368; near 
\Vambrook, age of, 311. See aho 
CroFs Courses and Slides. 

Felspar, decomposition of, 257, 258, 
387; crystals in disintegrated 
granite, 453; formed in copper 
furnaces, 266. 

Feock, grauwacke of, 93. 
Fir, from sul.nnerged forest, 419. 
Fire, \Vheal, 621. 
Fire-Beacon Point, height of, 17. 
Fish in the grau wacke of Porth Island, 

86. 
-- Lias, 225, 226. 
Fissures, relative age of, 310, 311. 
Fistral Bay, ra,ised beach and sand· 

dunes of, 426, -127. 
Fitton, Dr. \Y. H., on the Black Down 

Beds, 242~247, 251, 252; Gault, 
253; Greensand of Beer Head, 
240, 241; scythe·stone pits, 516; 
\Vealden formation, 250 ; on faults 
and disturbances, 313. 

Flagstones, 504. 
Flint gravel, unworn, 255. 
}"ints at Yorlas, Ludgvan, 646; in 

raised beaches, 429, 433; poli"hed, 
496 ; used for building, 488 ; 
worked, 429, 430. 

-- formation of, 264. 
Flu>ihing, grauwacke conglomerate of, 

94. 
Fluxion structure, 163, 164. 
Foghanger, trappean ash of, 120. 
Folding of the rocks, 54, 187, 188, 

311, 312. 
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Forbes, Dr. J., map of Land's End 
granite, 156; on altered rocks in 
Cornwall, 268; bedding in granite, 
171; trappeanrocksnear Penzance, 
100. 

Forchhalllmer, Prof. G., on decom
position of felspar, 387. 

Foreland Head, height of, 18; red sand
stones of the, 128, 130, 131; soils 
of the, 470; stone of the, 490; 
succession in the Grauwacke near 
the, 46, 4 i; tides at the, 436; 
weathering at the, 455. 

Forest Cam, height of hill near, 15. 
Forests, submerged, 402-407, 416-423. 
Fortune, Huel, 9, 15, 308, :323, 337, 

539. 
Fossils, effect of local conditions on, 

143, 149, 151, 152. 
-- of the Black Down Beds, 243-249. 
--- Chalk, 237, 238. 
--- Granwacke of Barnstaple, 50, 

51; of New Quay, 86, 87. 
Grau wackeand Carboniferous 

Limestone compared, 139,140,150. 
--- Lias, 223-231. 
- -- Newton Bushell limestone, 76 ; 

Plymouth limestone, 64, 65, 76; 
South Petherwin limestone, 59, 60. 

--- trappean ash atEast Ogwell, 70. 
--- Upper Greensand, 238, :l39. 
--- preservation of, 264. 
Fournet, J., on decomposition of 

sulphate of barytes, 389; metalli
ferous porphyry, 385; minerals 
filling veins, 349, 3;30, 371, 372; 
porosity of basal t, 392, 393; 
variation in the contents of lodes, 
323, 337, 338. 

Fowelscombe, limestone of, e6. 
Fuwey Con sols, 302, ;323, 335, 336, 

343, 552, 553, 555, 560 565, 573, 
597,603-605,621, 642, 

-- course, etc., of the river, 22; 
detritus transported by the, 458 ; 
Grauwa~ke near, 80, 81; Shoaling 
of the river, 460. 

-- Valley, soils of the, 472. 
Fox, Alfred, 5'/2. 
-- R. W., on conductive power of 

slate, 378, 379; electric action 
and mineral veins, 381-385, 393 ; 
experiments in lamination, 282; 
gold at North Molton, 285, 614; 
mineral veins, 322-324, 333, 355, 
356, 365, 376; plumbago in elvan, 
182, 618; pseudomorphs, 390, 
644; raised beaches, 424; tem
perature in mines, 373, 374; tamp
ing wedge ilwented by, 575. 
6689 

France, ore-washing in, 581. 
Franco, "-heal, 62, 301, 609. 
Freiburg, ore-dressing at, 581. 
Fremington, Carbonaceous limestone 

of, 116; Grauwacke near, 46-54, 
102, 103. 

-- Pill, raised beach in, 425. 
Friendly ~Iines, 583, 621. 
Friendship, Wheal, 109, 119, 301, 308, 

548, 573, 608, 609, 621. 
Frying Pan, passage of hornblende 

slate into serpentine at the, 30. 
Fucoids in Greensand of Linuridge 

Hill,248. 
Fnrland Hill, height of, 14. 
Fur Tor, height of, 4, 14. 
Furze from submerged forest, 419. 
FI/SI/S, 246. 

Galena, 284-288, 301, 612, 647, 648. 
Galcl'ites albo-[Jalerus, 238, 249. 
Gallantry Bower, height of, 18. 
Gallows Gate, limestone at, 70. 
Galmpton, limestone at, 73. 
Ganel, blown sands at the mouth of 

the, 444; course of the, 22; gravel 
of the, 458; trap dykes in the 
slat e.l of the, 87. 

Garrah, height of, 17. 
Garras, lead ore of, 611. 
Gault and Black Down Beds, 253, 254. 
Gavaragan Mine, 583. 
Geallon Mine, 621. 
Geolugical nomenclature, 38-41. 
Germany, ore-washing in, 581. 
Germoe, cross-courses near, 307. 
Gerran, height of, 16. 
Gerrans Bay, g;rauwacke of, 85, 86; 

raised beach of, 430, 431. 
Gel'villia avicilloides, 238. 
-- solenoides, 238, 245. 
Giant's Punch Bowl, 451. 
Giddy, E.C., on the climate of Pen

zance, 464. 
Gilbert Dayies, on Banka tin, 523; or 

gunpowder in mines, 575. 
-- \Yheal, 583. 
Gillin, grauwacke conglomerate of, 94. 
(~illinwaltha, grauwacke of, 95. 
Glastonbury Abbey, stone of, 489. 
Glauconite in the Greensand, 254. 
Glebe Crofts, height of, 19. 
-- Mine, 621. 
Glenthorn Barrow, height of, 18. 
Gmelin's analysisof Bovey tourmaline, 

189. 
Gneiss of Prawle Point, 27; of the 

Eddystone, 32. 
-- slates altered into, 267, 269. 
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Godolphin, Sir F., improvement of tin· 
mining by, 530, 534. 

Godolphin Bridge, height near, 15. 
--Hill, granite of, 162; height of, 

8,15. 
-- Mine, 307, 337, 341, 536, 597, 6~1. 
Godreyy Head, raised beach near, 426. 
Godwin-Austen, see Austen. 
Golden Cap, 227. 
Gold in a lode at North [Taw ton] 

Molton, 285, 289; in stream-tin 
works, 289, 613. 

Goldmill Barrows, height of, 6, 17. 
Goniatites Henslowi, 117. 
-- in the South Petherwin beds, 60 : 

in Swinbridge limestone, 105, 117. 
Good Providence Mine, 583. 
Goonarle Downs, height of, 19. 
Goonhayern Mines, 611. 
Goonhilly Downs, height of, 8; junc

tion of serpentine and diallage 
rock at, 98 ; serpentine of, 49!l. 

Goose dung ore, 613. 
Goosewell, limestone of, 65, 
Gore, limestone and slates of, 65. 
Gorland, Wheal, 19, 583,597, 621, 644. 
Gorran Haven, granwacke of, 83. 
Gossan, 1326, 327, 336, 370; artificial 

formation of, 383. 
Grabbist Hill, height of, 18; trial for 

copper at, 609. 
Grade, height of, 8, 15. 
Grampound, grauwacke of, 83, 92. 
Granite, 156-173. 
-- bedding in, 163, 164. 
-- Boulders in the New Red con· 

glomerate, 166, 202, 204, 218. 
-- -- drift of Haldon, 256. 
-- chemical composition of, 188, 189. 
-- concretionary structure in, 449-

453. 
-- connection with mineral veins, 

286, 328, 329, 336, 337. 
-- -- the New Red Sandstone, 

216,217. 
-- date of intrusion of the, 16fi, 166, 

187, 360, 361. 
-- decomposition of, 192, 266, 386, 

387, 449-453. 
-_ .. disturbances caused by the. 3ll, 

312. 
-- experiments in t.he fusibility of, 

191. 
-- fluidity of, 168. 
-- for building, 491-494; for polish-

ing, 500-502; for road metal, 484. 
-- joints m, 271, 272. 
-- lines of intrusion of the, 167, 168. 
- - metamorphism produced by, 265, 

267-270. 

H 

Granite, mineralogical composition of 
157-162. 

--- pinite in, 161; schor! in, 157-162 
164, 346, 347. 

- - similarity to the trap of Dun 
chideock, 217. 

-- ~oil, 466, 474-477. 
-- stratiform structure in, 163, 164. 
-- variation near joints, 190, 191. 
-- yeins of Dartmoor, 165; of Land's 

End district, 268; Lizard, 172, 
173; St. Michael's Mount, 169-
171; Trewarvas Head, 166, 171; 
'Vicca Cove, 168, Plate V. 

-- -- in granite, 171, liZ. 
Gmntock, height near, 16. 
Grdnville, Sir Bevel, on smelting tin· 

ore, 537, 538. 
Grass, conserva.tive power of, 457. 
Grauwacke, 37-100. 
--conglomerate at Nare Point, 30, 34. 
-- Conybeare, Boase, Sedgwick, and 

Murchison on the, 42, 43. 
-- decomposition of the, 455. 
-- disturbance of the, 311, 312. 
-- joints in the, 271. 
-- junction with hornblende rocks, 

31 ; with mica slate, 28. 
--- limestones for building, 491 ; for 

lime, 506-508 ; for mal ble, 497 -499. 
-- objections to the term, 40, 41. 
-- of Linton etc., 642, 643. 
-- passage into Culm Measures, 102-

110, 131. 
-- plants from the, 50. 
-- roads on the, 482, 483. 
-- sandstones for building, 490, 491. 
-- soils of the, 470-472. 
Gravel brought down by streams, 457 

458. 
-- of Black Down, 241,255,256,395; 

Black Venn, 256; Bovey. 256, 257 ; 
Chard, 256; Charmouth, 395, 396 : 
Crousa Down, 396; Dunscombe 
Hill, 255; Haldon, 241,247, 256, 
257, 395, 396, 411; Lyme Regis, 
256; Orleigh Court, 241, 249,410 ; 
St. Agnes Beacon, 238-260; Sid
mouth, 256; Straightway Hill, 
396; the Axe, 409; Culm, 409; 
Dart, 411 ; Exe, 409; Otter, 409 ; 
Tavy, 412; Teign, 412. 

--- V orlas, 646. 
-- 'Vaddon Barton, 410, 411. 
-- soils, 468, 473-477. 
Grayleigh limestone, 73. 
Graystone Bridge, zinc-ore near, 616. 
Great Adit, 564. 
-- Brin Mine, 304. 
-- Carn, quartz rock of, 83. 
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Great Cross Course, near Gwennap, 305. 
-- Hangman Hill, height of, 3, 18. 
-- Hewas lode, 303, 304, 366, 367. 
-- Mis Tor, height of, 4,14. 
-- St. George Mine, 542, 552, 553, 

555, 597, 622. 
-- Stone on St. Breock's Down, 

height of, 7. 
-- Wheal Charlotte, 597. 
-- -- Fortune, 597, 621. 
-- -- Venture, 583. 
-- "Vork Mine, 15, 307,328,552,553, 

555, 582, 597, 621. 
Greenacliff anthracite, 124·126, 515. 
Greenbarrow, height of, 17. 
Greenough's geological map, 125, 156. 
Greensand, 235·254; building-stone 

from the, 488; original extent of 
the, 258; sithe-stones from the, 
516,517; weathering of the, 455. 

Greenstone, see Trap. 
Gregon, grauwacke of, 80, 
Gregor, Rev. W., analysis of blende, 616. 
Greywacke see Grauwacke. 
Grey, Wheal, 583, 622, 
Gribbin Head, grauwacke of, 81, 82; 

height of, 18. 
G-round swells, 438, 439. 
Gryll's Annual Mining Sheet, 596-598, 

606, 607. 
Grylls, calcareous schistose trap of, 57. 
GI'yphwa canaliclllata, 238, 245. 
- -incu/"va, 224, 227. 
-- llfaccullochii, 224. 
-- obliq1tata, 224. 
-- vesiculosa, 240. 
Gue Grease, steatite veins in serpentine 

at, 97, 511. 
Guern~ey and Jersey, raised bEaches 

of,433. 
Gunnislake Mine, 301, 621. 
Gunpowder used in mines, 575, 576. 
Gunver Head, height of, 17. 
Gunwalloe, sands of, 25. 
Gurnett's Head Mine, 621. 
Gwallan Mine, 583. 
Gweek, grauwacke of, 93, 99. 
-- Ri"er, course, etc., of the, 22. 
Gwendra, grauwacke of, 85. 
Gwennap, cobalt and bismuth at, 614, 

bI5; direction of the lodes near, 
303, 310; elvans of, 176, 310, 453, 
502; granite of 501; grauwacke 
of,93. 

Gwinear Church, height at, 15; grau
wacke of, 100; parallelism of lodes 
and elvans at, 310. 

Gwinges, calcareous rocks of, 83. 
Gwinter, junction of serpentine and 

dialla.ge rock near, 98. 
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Gwythian, direction of the lodes near, 
306; grauwacke of, 100; raised 
beach and sand dunes at, 426. 

G-ypsum in the New Red Marl, 196, 
208, 214, 215, 320, 504, 505. 

Gyrosteu8 mirabilis, 226. 

Haddon Hill, heiO"ht of, 2. 
Ha'matite in the New Red Sandstone, 

197, 287, 617. 
-~ lodes, 288, 617, 618. 
Haidinger, 'V. von, on pseudomorphs, 

390, 391. 
Haldon Hills, gravel of, 247,256, 257, 

395, 396, 411 ; Greensand of, 247, 
249; height and area of, 5; sithe· 
stones of, 517; soils of, 468; Trias 
of, 204; unrolled chalk-floints on, 
241. 

Hallamaning and Retallack Mines, 
622. 

Hallenbeagle Mine, 597, 622. 
Hall Hill, height of, 3, 18. 
Hallworthy, height near, 18 ; trappean 

ash of, 119. 
Ham Hill stone, 488. 
Hamilton Tor, height of, 5, 14. 
Ha,mites ten1Lis, 247. 
Hangman Hills, grauwacke of, 128; 

soils of, 470 ; stone of, 130, 490. 
Happy-Union stream·work, 401-403. 
Haruerton Ford, limestone of, 66, 67; 

slate quarries near, 503. 
Harbours, 518-522. 
Harding, Major, 50, 117. 
Harmony, Wheal, 564,597. 
Harriet, Wheal, 597, 622. 
Harris, Sir 'V. Snow, on the climate 

of Devonport and Plymouth, 465, 
466. 

Hat,tland Pier, vegetation neM, 467. 
--- Point, height of, 18 ; soils of, 470. 
-- -- denudation at, 436. 
Harz, mode of descending mines in 

the, 572. 
Hatherleigh, elvan near, 184. 
Hausman, Prof., on artificial meta· 

morphism, 266. 
Hawkchurch, fault at, 290. 
Hawkins Sir Christopher, on gold at 

Ladock, 614; on n.tis, 524. 
Hawkins, J., on gunpowder in mines, 

575; the Phcenician trade in tin, 
523, 524; Italian trade in tin, 
525 ; sands of St Agnes Beacon, 
258, 239; ·Wherry Mine, 645. 

Hawks Tor, height of, 17. 
Hay, slate quarries of, 503. 
Rayle, clay of, 511. 
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Hayle, Estuary, submerged forest of, 
418. 

-- grauwacke of, 100. 
---'- River, course uf the, 22; sand·hills 

near the, 25 ; sediment deposited 
by the, 458. 

Hazel from submerged forests, 402-
404,407,418,419. 

Head, 257, 432. 
Hearstone, trap of, 68. 
Heaves, illustrations of, 293, 296-300, 

303, 316,317. 
--see also Faults. 
Heavitree, New Red Sandstone of, 

204, 208, 489. 
Heights, tables of, 1-9, 14-19. 
Helesbrow Hill, see Hillsboruugh. 
Helfurd estuary, sediment deposited 

in, 458. 
Heligan, height, at, 16. 
Helland, elvans of, 180. 
Hell Bay, trap of, 88. 
Helmen Tor, height of, 17, 
Helston Downs, grauwacke of, 99. 
-~ flinty slate of, 58; harbour at, 

52l. 
-~River, course of, 22; beach at the 

mouth of, 25. 
Hemerdon Ball, height of, 14. 
Hemmick Cuve, grauwacke uf, 83. 
Hemming, Mr., analysis uf tennantite, 

590. 
Hennah, Rev. R., on the Plymouth 

limestones, 64, 65, 75; raised 
beach of the Hoe, 423, 424. 

Hennock, antimony near, 616; mica
ceous hon-ore near, 617; soil of, 
477; trap of, 123, 268, 498. 

Hen Point, grauwacke and trap of, 
62,63. 

Hensbarrow Hill, height-of, 7, 14. 
Hensborough, china-clay of, 509; 

granite of, 159, 160, 165, 449, 
492; granite soil of, 477; gran
wacke of, 86. 

Henwuud, VV. J., un antiquities in 
stream-works of Treloy, 525; 
dressing tin-ores, 576-581 ; stream 
works, 403, 404; mineral veins, 
373. 

Herland Mine, 15, 284, 288, 306, 375, 
536, 539, 612, 613, 615. 

Herrots Foot, grauwacke of, 8l. 
Hessen Ford, limestune uf, 79. 
Hestercombe, fault at, 292; granitic 

rock of, 186. 
Hestow, carbonaceous rocks of, 144, 

145. 
Heydon Down, soil uf, 471. 
Hey Tor, 5; quarries, 492. 
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High Bray, grauwaeke near, 52. 
-~ Cliff, height of, 17. 
-- Coye, grauwacke uf, 90. 
Higher Heathcumbe, limestune of, 54. 
-- 'Year, intrusive trap of, 111. 
-- Yalbertun, limestone and trap uf, 

72. 
Highner, calcareous veins and nodules 

at, 112. 
High Peake, loss of land at, 440. 
-- Trediniek, grauwacke of, 80. 
-- 'Veek, intrusive trap of, 68. 

- 'Veer, height of, 18. 
Hillsborough Hill, cleavage at, 277; 

height of, 18. 
Hingston Down, granite of, 161, 164, 

492. 
Hockley Bridge, grauwacke and culm 

measures at, 103, 104. 
Hockworthy, vVheal, 609, 615. 
Hoe, raised beach of the, 423, 424. 
Holcom be Burnel, carbunaceous rocks 

of, 116. 
-- Rogus, carbonaceous limestone 

of, 105, 117. 
Hole, Mr., on Milber Down, 248. 
Holiday Hill, height uf, 18. 
Holl, Dr. H. B., 59, 107. 
Hulland, Mr., on the climate of Lyme 

Reg-is, 464, 465. 
Holmbush Mine, 622. 
Holne Bridge, gravel at, 411. 
- - Chase, carbonaceous rocks of, 

109. 
-- Lee, schorl-rock of, 158. 
Holy well, near Crantock, 517. 
Holywell Bay, trap and grauwacke of, 

87. 
Honeycomb dun, 57, 47l. 
Hope, grauwacke of, 78; junction of 

mica-slate and grauwacke at, 28. 
-- Wheal, 564, 608, 611. 
Hope's Nuse, disturbances at, 207; 

raised beach at, 424. 
Hopkins, W., on disturbances and 

faults, 356-359, 362, 367, 368. 
Hornblende altered into hypersthene, 

268; decomposition uf. 454. 
- - slate of the Lizard, 29-36. 

-- and rock, suils on, 474. 
Homdon, trap of, 122. 
Horner, L., on the buried forest at 

StolfOI'd, 419; copper ores of 
Doddington, 609; granitic rock of 
Hestercombe, 186; new red con
glomerates, 196. 

Horse Bridge, slates worked at, 62. 
Hot springs in mines, 373, 374. 
Howley Bridge, grauwacke and culm-

measures at, 108. . 
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HueIros, 536, 539. 
Human remains in stream-works, 402, 

404,406, 407, 525. 
Hurlstone Point, tides at, 436. 
Hurricane, effect on the sea-level, 12, 

13. 
HUn'ygulter, flinty slate of, 58. 
Huslyn Down, grauwacke of, 91. 
Hutchinson, Mr., on Cornish lodes, 

644. 
Hutton, nolomitic conglomerate at, 

194. 
Hybodus, 225. 
Hypersthene rock, 122, 268. 

Icltthyosalll·us. 226, 227, 230, 231. 
Ide, trap in the Trias of, 203. 
Ideford, limestone of, 73, 74. 
In eo pottery, 516. 
Irleston, porphyries at, 201. 
Iktis or St. Michael's Mount, 524. 
I1fracombe, cleavage near, 44, 277; 

grau wacke of, 48, 49, 55; lime
stone of, 130; soils of, 471. 

lllogan Downs, height of, 19. 
Ilminster, Inferior Oolite of, 234. 
Ilsington, iron-ore of, 285, 618. 
Infenor Oolite, 234, 235. 
Ingsdon slate quarries, 503. 
Inny, course of the, 22. 
-- valley, grauwacke of, 60, 61. 
Illnys Foot, grauwacke and caruon-

aceous beds of, 61, 108. 
InoceJ'amlls, 238, 240, 249. 
Ipplepen, limestone of, 69, 498. 
Ireland, copper mines of, 599. 
Il'is pseudacol'lls, 417. 
Iron lodes, 302, 303, 617, 618. 
-- ore (hrematite) in new red sand

stone, 197, 283, 288. 
-- -- (magnetic) at Lower Trelus· 

well, 288, 618. 
-- -- (micaceous) of Dartmoor, 

617. 
-- -- distribution of, 283,285,288. 
--- pyrites in elvan, 181; in slates, 

263; in the Lias, 320. 
-- -- replacing shells, 264. 
-- stains (concentric) in rocks, 450. 
Jacobstow Beacon, height of, 17; New 

Hed conglomerate of, 166, 201. 
Jamesonite, analysis of, 616. 
Jane, \Vheal, urecciated lode at, 323. 
Jars, M.G., on sale of copper-ores, 540, 

541; on tribute working, 568. 
Jasper from Brent Tor, 498 ; from the 

Greensand, 496. 
Jenkins Barrow, height of, 16. 
Jewellery, stoneR used for, 496, 497. 

Ii' 

Jewel, "-heal, 19, 109, 301, 329, 551, 
552,535,583, 597, 622. 

John, King, Charter to the tinners, 
625, 626, Pl. xiii. 

JohnstJn, Prof., on tin-pyrite., 348. 
Joints in carbonaceous serie~, 273; ill 

granite, 163, 164, 271. 272; in 
grauwacke, 271 ; in Lias, 274; in 
red sandstone series, 274; in ser
pentine, 273. 

--, tin-ore filling, 346-348. 
Julia. Wheal, 340, 341, 551, 553, 555, 

597, 622. 

Kaolin, see China clay. 
Kea, grauwacke of, 93. 
Kellan Head, slate fragments in trap 

at, 88,89. 
Kellerton Park, trap in the Trias of, 

200,201. 
Kennack Co\-e, serpentine of, 499; 

soil of, 466. 
Ken tisbury, grauwacke of, 48. 
Kent's Hole, 412 415. 
Kerney Bridge, slate quarries of, 503, 
Kernick Cove, granite veins at, j 73. 
Kettle and Pans, 452. 
Killaganoon, clayey elvan near, 177, 

453; height of, 16. 
Killan Head, height of, 17. 
KiIlas, metalliferous varieties of, 335, 

336. 
Killiow, decomposed eIvan of, 510. 
Killivreth Down, height of, 7, 16. 
Kilmar, height of, 18. 
Kil worthy, trappean ash of, 120. 
Kimniel Wartha Hill, height of, 15. 
Kinance, see Kynance. 
Kingsbridge estuary, gravel of the 

458, 459; mica-slate and grau
wacke of the, 28. 

King's Kerswell, limestone of, 69-71. 
Kingsteignton, carbomtceous rocks of, 

Ill, 144, 145; iutrusive trap of, 
III ; limestone of, 74, 75. 

King Tor, stone of, 492. 
Kit Hill, granite of, 161, 163; height 

of, 6, 14. 
Kitley cavern, 415. 
-- 'Park, anthracite of, 643; lime-

stone of, 65, 499. 
Kitty, Wheal, 539, 582, 397, 622. 
Knighton, faults at, 291. 
Knill's Monument, height of, 15. 
Knole, trap in the Trias of, 201. 
KnoJ'1'iu in grauwacke, 50. 
1((;hle1', Dr., analysis of diallage,97. 
KYllance Cove, granite vein at, 172 ; 

. steatiteveinsin-serpentinenear,79. 
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Ladders in mines, 570-572. 
Ladock, gold drift of, 400 ; grauwacke 

of, 9'2 ; height of hill near, 7 ; iron 
lode near, 617. 

-- River, course of the, 22. 
-- stream·works, 614. 
Laity, schorlaceous granite and schorl 

rock of, 160. 
Lakes, formation of, 446, 447. 
Lamerton, carbonaceous rocks and 

trap of, 119; lead mines near, 611. 
Lamination in slates, illustrations of, 

44, 45, 275-279. 
Lamorna Cove, soils of, 466. 
Lancorlar, clayey eh'an near, 453. 
Landewednack, diallage rock near, 98 ; 

granite veins at, 173; serpentine 
of,499. 

Land's End, elnms of, 174,175; granite 
of, 160, 161 ; grauwacke of, 100; 
parallelism of the lodes and 
elvans in the, 310 ; prismatic joint
ing in the granite of, 164 ; soils of, 
476. 

Landue, grauwacke and carbonaceous 
series at, 61, 107, 108. 

Landulph, grauwacke of, 62. 
Laneast Down, culm measure3 and 

gra,uwacke at, 106. 
Lanescot Mine, 605. 
Langcombe Cross, grauwacke of, 71. 
Langford, limestone of, 66. 
Lanivet, grauwacke of, 86; iron-lode 

near, 304, 617. 
Lanner Beacon, height of, 19. 
Lansalloes, grauwacke of, 80; height 

of,14. 
Lanyon, Mr., on miners' diseases, 570, 

571. 
Launceston, carbonaceous limestone 

near, 117-119 ; greenstone at, ll9 ; 
manganese at, 609, 610; slates of, 
502; soils of, 470; unconform
ability between culm measures and 
grauwacke near, 107. 

Lawannack, greenstone and ash of, 
59; manganese at, 109. 

Lead mines of Penrose and St. Issy, 
539. 

-- are, amount raised, 610-612 ; 
distribution of, 284-287,301; mode 
of occurrence of, 327; smelting and 
assaying of, 647, 648. 

Lean, Capt. Joel, on Cornish pumping 
engines, 549·556. 

Leasa, height of hill above, 17. 
Lecha, height of, 15. 
Lee, grauwacke of, 47, 48. 
Leeds Town, height of, 15. 
-- Wheal, 552, 553, 555, 597. 
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Leigham slate quarry, 503. 
Leigh Ball, trappean ash, etc., of, 62. 
Leisure, 'Wheal, 543, 552, 553, 555, 

597,622. 
Leland, John, on Looe Pool, 521. 
Lelant Church, height of, 15. 
-- sand dunes near, 25, 426. 
Lemon, Sir C., fln Cornish engines, 

554 ; the amount of water raised, 
556; rate of miners' wages, 569; 
value of the copper raised, 600, 
603; timber used in mines, 573-
575; table of persons employed in 
mines, 621, 622. 

Lepidolite, 189. 
Lepidotus, 226. 
Leptacanthus tenllispinlls, 225. 
Letp(£lla lata? 51. 
Leptolepis, 2'26. 
Lesnewth, culm measures and grau

wacke at, 106; trappean ash of, 
119. 

Levant Mine, 373, 542, 552, 553, 555, 
583, 597, 622. 

Lew Trenchard, carbonaceous lime
stone of, 117, 118. 

Lias, 222-234; alteration of bones in 
the, 264, 265; calcareous nodules 
in the, 263; decomposition of the, 
455; for building, 488,489; for lime 
and cement, 505 507; original 
exten t of the, 232, 233; origin of 
name-carbonaceous rocks known 
as, 41 ; soils of the, 465, 466, 468. 

Liberty, \Vheal, 552, 553,555. 
Lichens, protection afforded by, 486, 

487. 
Lidford Castle, stannary prison at, 

619. 
Lifton, carbonaceous limestone near, 

117. 
Ligger Point, grauwacke of, 88. 
Lignite of Bovey, 248, 257, 258, 515, 

516. 
Lima semisulcata, 245. 
-- subovalis, 245. 
Lime, 505-509. 
Limestone, formation of, 129, 130, 

147, 148. 
-- for road-metal, 483. 
-- soils, 470-472. 
-- weathering of, 455. 
Lindley, Dr. J., on plants from the 

culm beds near Lidford, 126; 
plants from grauwacke, 50; the 
preservation of fossil plants, 114. 

-- and W. Hutton, on carboniferous 
plants, 143. 

Linkinghorne, manganese at, 109 
slate quarries near, 503. 
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Linton, grauwacke of, 47, 128, 130, 
131, 455, 6!2, 643. 

Liskeard, building stone at, 491; 
grauwacke of, 80. 

Lithia mica, Turner's analysis of, 189. 
Littermouth Hill, height of 17. 
Little Barley, trap in the Trias of, 203. 
-- Dart, course of the, 23. 
-- Haldan, height of, 5, 14; well at, 

247. 
-- Hangman Hill, height of, 18. 
-- Hempston, limestone of, 70. 
-- Stoke, loss of land near, 441. 
Littorina from the Black Down beds, 

246. 
Lizard, diallage rock of the, 96-99, 

484, 485, granite veins of the, 172, 
173; light-house, height at, 8, 15; 
mica slate, etc. of the, 29-:36; 
physical features of the, 8; ser
pentine of the, 96-99, 273, 499, 
500; soils of the, 473, 474; steatite 
of the, 97, 98, 500, 511. 

-- Town, height of, 8, 15; passage 
of hornhlende slate into serpentine 
near, 30. 

Lodes, age of, 296-300, 307, :308, 310, 
363-365, 644; chemical contents 
of, 325-348, 644, 645; direction of, 
301-314, 354-368; effect of neigh
bouring rock, 335-339, 644; for
mation and filling of, 350-356, 
368-372, 375-394, 644; mechanical 
contents of, 322-325; meeting of, 
333, 334; successive filling of, 
339-342; variation in the contents 
of, 325-339. 

Looe Bar, 2'2. 
-- grauwacke of, 79-81. 
-- Island, hei.ght of, 18. 
-- Pool, 25, 447, 520, 521, 642 ; raised 

beach near, 430. 
-- River, course of the, 22; grau· 

wacke of the, 79, 80. 
Logan, [Sir] W. Eo, 143,267. 
Logan Stone, 643. 
Longclose Mine, 539. 
Longford. limestone nodules in trap-

pean ash near, 119. 
Longstone Hill, tin lodes of, 302. 
Lonsdale, W., on fossil corals, 89. 
Look-out Hill, height, of, 16; raised 

beach at, 426, 427. 
Lostwithiel, granite quarries of, 492; 

iron-lode of, 303, 617; prison at, 
619. 

Loventor, limestone of, 70. 
Lower Dinham, limestone of, 89. 
-- Hay, trappean ash of, 120. 
-- Herkley, limestone of, 73, 74. 

Lower St. Columb Porth, bronze anti
quities at, 524, 525; grauwacke 
of, 86; submerged forest of, 419. 

__ Yalberton, urap and limestone of, 
72. 

Loxbere, red sandstone series of, 199. 
L lit· ina ? orbicltlaris, 244. 
-- pisllm, 244. 
Luckham, red hrematite at, 197, 617. 
Ludbrooke slate quarries, 503. 
Ludgvan, direction of the lodes near 

307; flints at, 646; granite of, 
49! ; grauwaeke of, 100. 

Ludgvan-Iez Mine, 536. 
Lundy Island, granite of, 494; height 

of, 18. 
Lutral'ia striata, 239, 243. 
Luxbol'ough, limestone of, 53-55, 129. 
Lyd, course of the, 23. 
Lyell, [Sir] C., on the decomposition of 

rocks by carbonic acid, 266. 
Lyme Regis, lias of, 222-231, 274, 488 ; 

Chalk and Greensand of, 237-239 ; 
climate and soil of, 464-466; Cobb, 
488, 521, 522; denudation of the 
coast near. 440, 442, 443; gravel 
of, 256,412. 

Lyndridge, limestone of, 74. 
Lyne, course of the, 23 ; gravel of the, 

457. 
Lynemouth, grauwacke of, 47. 
Lynher, course of the, 22; grauwacke 

of the, 63. 
Lysons' Magna Britannia quoted, 510-

518, 525, 586, 587, 609-611, 616-
619. 

.Mabe, granite of, 160, 163, 493, 501. 
~i'Culloch, Dr. J., on rock basins,452 ; 

on the Logan stone, 643. 
~I'Enery, Rev. J., on Kent's Hole, 

412-414. 
;'II'Lauchlan, H., 14,403. 
Jlctctl'a angula, 243. 
:\Iadrepore marbles, 498. 
Madron, height of, 15 ; granite of, 494 ; 

well at, 517. 
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J\Iaen Rock, height of, 16. 
Magnesia, mannfaciure of, 499. 
Magnesian conglomerate and limestone, 

194-196, 198, 199, 208, 210, 214; 
for building, 489; for lime, 505, 
506. 

Magnetic iron-ore at Lower Trelus well , 
288, 618. 

Maiden, Wheal, 62'2. 
Main Down, grauwacke of, 53; soil of, 

471. 
Mainporth, raised beaeh near, 432; 

5ubmerged forest at, 417. 
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1Iaitlancl, ,"rheal, 583, 62'2. 
Majendie, A., on mica slates, 29; on 

serpentine and cliallage rock, 98, 
500. 

1Iaker Height, ele\'ation of, 6, 14. 
Mammalian bones from drift, 40'2, 404, 

407, 412,416,419. . 
1Jan, relics of, in Pentuan stream

works, 402, 406, 407; in Camon 
stream-works, 404, 406, 407; in 
Trenoweth stream-works, 525; in 
Treloy stream-works, 525. 

J\Ianaccan, grauwacke conglomerate of, 
95. 

Manaton Castle, grauwacke near, 63. 
1Ianganese ore in the slates, 49, 109, 

284-286, 539, 609, 610; in red 
s!tudstone series, 283, 286, 609, 610. 

1Iantell, Dr. G. A., :242, 251. 
1Iarazion, connection of the lodes and 

elyans of, 330; direction of the 
lodes near, 307,310 ; e]Yans near, 
310, 4.13; mines, 15,551, .353,5.33, 
583, 597, 62'2. 

Marbles, 497-499. 
1hrder, .J., fossils collectccl by, :2:2.3. 
::-Iarine denudation, 435-449. 
Marlborough, mica slate, etc., of, :27. 
::-larldon, limestone of, 70. 
::-Iartha, Wheal, 6:2:2. 
J\Iary Stow, carbonaceous limestone, 

near, 117-119. 
::-Iary Tayy, culm measures of, 109; 

traps of, 119. 
Mary, Wheal, 564, 582, 622. 
Maton, Dr. "T. G., 011 BO\-eycoal, 313, 

316. 
::-lawgan Porth, submerged forest at, 

419. 
::-lawnan, gl'anwacke and trap of, 93, 

94 ; height of, 16. 
::-Iayer, on the influence of trap dykes 

on mineral veins, 386. 
Mayon, el,'an at, 502. 
:\Iead Foot sands, contortion near, 71. 
:\Ieavy, gneiss and mica-slate of, :267. 
Jlegalodon CIiClilatll8, 76. 
Meladore, schorl-rock of, 160. 
:\Iembury, chalk and greensand of, :237, 

241 ; fault at 290. 
Menacuddle, height of, 16. 
?I1endip Hills, old red and carbonifer-

ous limestone of, 100. 
Mennaclew Down, height of, 6, 18. 
Merthen Hill. height of, 17. 
-- Point, height neal', 15. 
J\Iel'ther, grauwacke of. 93. 
:\Ierton and Berry Moors, lake-like 

form of, :22. 
Mesack Point, gramn1cke of, 86. 

::-Ietal "~orks Mine, 539. 
Metamorphic rocks, 27-36, 261-270. 
Meteorology, 464-471, 475, 476. 
Meyagissey, contorted grauwacke of,83. 
Mewdon, height of, 16. 
::-Iica, analysis of, 189; artificially 

formed, 266. 
-- slate, 27-36, 267-269. 
--- trap near Newquay, 87, 311. 
-- vein at St. Michael's Muunt, 

169-171; in gI'anite at St. Dennis 
Down, 160. 

Michaelstow Beacon, height of, 17; 
grauwaeke of, 88 ; trap of, 498. 

J\liehell, ehan near, 311. 
Milber Down, greenmnd of, 235,248. 
Millaton, liIne,tone of, 79. 
::\Iillendreth Ray, submerged forest of, 

417. 
::-lill Hill slate quarry, 62,503. 
l\lillhooks Saddle, height of, 17. 
l\Iillpool, Wheal, 622. 
:\Iilor, grauwacke of, 93. 
Milton Abbot, soils of, 470; trap and 

limestone of, 119, 1:20. 
Minehead, beach at, 444; magnesian 

conglomerates of, 196; submerged 
forest near, 419. 

Mineral springs, 517, 518. 
-- ,-eins and faults, 283-394. 
Minerals, value exported, 6:23,624. 
-- artificial fOl'mation of, 266. 
Mineralization of fossils, 264. 
'Iiner~, character of the, 46:2, 463; 

length of life of, 571. See also 
Mines. 

Mine~, 8ee names of mines and metab ; 
aneient, 522-547; Llasting in, 575 ; 
mode of 'I'orking, 556 575; produce 
in various countries, 624 ; pumping 
engines for, 6:l4-642; submarine, 
644, 045; taLles of expenses and 
sales, 600-608; temperature in, 
373, 374; timbering, 573-575; 
unwatering, 547-556. 

:\lining districts, soils of the, 472,473_ 
Miocene (Boyey deposit), 248, 257, 258. 
l\Iitscherlich, Prof., on artificial pro-

d uction of minerals, 266, 391. 
:\Iodbury, ehan and grauwacke near, 

76, 78-
Modiola from the Black Down bEds, 

245; from Lias, 2'24. 
Molt, trees of the, 467. 
J\1onkleiO'h, red sandstones of, 124. 
J\lonkR Okehampton, soil of, 477. 
Moor slate qual'I'ies, 503. 
l\Ioorwinstow, heights near, 17. 
Moreton Hampstead, decomposition of 

granite at, 4.53 ; soils of, 475. 
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Morgan, slate q narries near, 503. 
Morleigh DowD, grauwacke of, 73, 76. 
Morte Bay, blown sand of, 49, 444; 

soil of, 471. 
-~ Point, grauwacke of, 49; tides 

at, 436; slates of, 130, 131. 
l\[orthoe, grauwacke of, 49. 
Morvah and Zen nor Mine, 553, 583, 

622. 
--, direction of the lodes near, 306, 

307. 
l\Iorwell Down, height of, 14. 
Mount Batten, alternation of slate 

and limestone at, 65. 
-- Edgecumbe, vegetation at, 466. 
. Mount's Bay, chalk· flints at, 646; 

submerged fore~t at, 417, 643; tin 
ore in the sands of, 535. 

~Iousehole, schorlaceous granite YeinR 
at, 172; slate of, 269; soil of, 
476. 

~Iuddlebridge, carbonaceous rocks of, 
103. 

Mudge, Lt. ·Col. 'V., on fo,siliferous 
rocks in Boyey Sand Bay, 65; on 
Yealm Bridge cave, 412-415. 

Mudstone Sands, grauwacke of, 73. 
Muir, Dr., analyses of hypersthene, 

268. 
Mullion Co\'e, hornblende slate and 

serpentine at, 30, 34; height of, 
15; natiye copper at, 98; steatite 
veins in the serpentine of, 97. 

~Iulvra Hill, height of, 16. 
:Murcbison, Sir R. I., and Rev. Prof. 

A. Sedgwick, on the grauwacke 
and culm measures, 40, 43, 130. 

~Iurchisonite felspar, 208, 217. 
31urcx Calcar, 246. 
--1 Hal'}Jula, 64, 75. 
~Iuseum of Economic Geology, 500. 
3Iya l(Evi1lscula, 243. 
-- 1i1andibula, 239. 
.lIYI·iacanthus, 225. 
.illytiloides labiatlls, 238. 
"lIytillls inceqllivalL"is, 245. 
-- lanceolatlls, 238, 245. 
-- pr(dol1glls, 245. 
-- tridclls, 245. 

Xatica from the Black Down beds, 
246. 

Nautilus incfqllalis, 247. 
-- ele.qa1!s, 239. 
-- intermedius, 2"24. 
-- simplex, 239. 
-~- striatus, 224. 
Nealand, height near, 18. 
Necker, Prof., on sublimation of ores, 

385. 
Nelly's Cove, raised beach of, 431. 
Neptune, "Wheal, 622. 
lYerita "piruta, 64, 76. 
N ettlecom be, soils of, 471. 
JYeul'Opttl"is hete1'ophylla, 126. 
-- Loshii, 126 . 
Newcomen's engine., 548, 634-642. 
New Crinnis Mine, 583. 
Newel Tor, height of, 18. 
Newham, elvan of, 177, 495. 
New house, limestone near, 69, 70. 
Newlake Hill, height of, 4,14, 
Newlyn Down., grauwacke of, 92; 

locle~ of, 30!). 
-- vegetation at, 466. 
Newman, Sir R., 247. 
-- Thomas, on well at Haldon, 247. 
Newnham Park, stone of, 490. 
Newporth, slate quarries of, 503. 
New Quay, blown sand near, 26,495, 

645; erosion of the cliffs near, 
439; grauwacke of, 86, 87 ; raised 
beaches and sand dunes of, 426-428, 
431; trap.dykes near, 87, 311. 

New Red Sandstone, conditions of 
cleposit of the, 216-221 ; fossils of 
the, 219-221; bnilding.stone in the, 
489; granite pebbles in the, 166,202, 
:204, 218 ; gypsum in the, 196,208, 
214, 215, 320, 504·, 505 ; iron 'ore in 
the, 283, 617; manganese in the, 
283, 286, 609, 610 ; murchisonite in 
the, 208, 217 ; porphyritic boulders 
in the, 204, 207, ~15, 217, 490; 
succession in the, 213-215; thick· 
ness of the 197, 215; trap associated 
with the, 199 204,211,212,215-217. 

Newton Bushell, greensand of, 236; 
intrusive trap at, 68 ; limestone of, 
74-76, 146, 498, 643; soils of, 470, 
471. 

Nancekuke Downs, height of, 19. Newton St. Cyres, lead·ore at, 285; 
Nantallan Down, grauwacke of, 91; manganeee at, 283, 285, 609. 

iron·ore at, 304, 617. New 'Wheal Virgin Adit, 564. 
Nare Head, height of, 16; serpentine Nickel ores, 288, 615. 

and grauwacke of, 84. Nodules in Lias, 263. 
-- Point, grauwacke conglolllerate No·Man's.Land, height of, 15. 

at, 30, 34, 35, 94; raised beach Normandy, grauwacke of, 1:,2. 
near,431. Northav, chalk of, 237. 

Nassa from the Black Down he,!,;, 246. North Claze Mine, 621. 
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North Downs Mine, 536, 539, 559, 583, 
621, 644. 

North Hallenbeagle Mine, 622. 
-- Hessary Tor, height of, 14. 
-- Hewish, limestone of, 66. 
-- Hill, Minehead, height of, 3, 18; 

stone of, 490. 
-- Molton, gold at, 285, 289, 614 ; 

old copper mine at, 609. 
-- Ridge, height of, 2, 14. , 
-- Roskear Mine, 19, 551, 553, 555, 

597,622. 
-- Towan :Mine, 622. 

.r 

-- Tresavean Mine, 373, 374, 622. 
-- Wheal Tamar, 611,616. 
-- Whilborough, limestone of, 70. 
Norwegian timber for mines, 573-575. 
N ucleolites dep1'essa, 248. 
N ucula pectinata, 238. 
N uculce from the Black Down Beds, 

244. 

Oak in submerged forests, 402, 403, 
405,407,417,419. 

Oar Stone, grauwacke near, 80. 
Oats, Capt., on rock·temperature in 

Tresavean Mine, 373, 374. 
Ouhre at East Down, 646; from de· 

composed elvan near Truro, 510. 
Osynhausen, C. von, andH. vonDecken, 

on granite veins, 171. 
Ogwell, carbonaceous rocks of, Ill, 144, 

145; limestone of, fl9, 70, 75. 
Okahampton, carbonaceous rocks near, 

116, 118, 119; granite near, 501 ; 
greenstones near, 122, 123, 498; 
soil of, 470, 477. 

Okement, course of the, 23. 
Old men (prehistoric miners), 401, 406. 
Old Red Sandstone, 149, 150. 
Olds, Wheal, 583. 
Omalius d'Halloy, on coal·measure 

plants, 134. 
Ophiura EgeTtoni, 235. 
Oppel, von., on faults and lodes, 352, 

353. 
Orbitalites, 248. 
Orchard Well, limestone of, 73, 74, 

110. 
Ordovician rocks, 83·86. 
Ore Stone Point, height of, 18. 
Ores, connection of igneous rocks with, 

386; deposition of, 322, 339-342, 
379-385; distribution of, 283-289; 
mode of occurrence of, 323-348; 
sublimation of, 385, 643; working 
and sale of, 522-648. 

-- see also names of metals. 
Oreston, bone·fissure~ of, 412, 413. 
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Orleigh Court, gravel of, 410; green· 
sand of, 236, 249; unworn flints 
at, 241. 

OrthoceTatites Ci1'C1tlaTis, 65. 
-- ? clongatus, 224. 
-- from Barnstaple, 51. 
Osborne, Wheal, 597, 622. 
Ost1'ea cal'inata, 238. 
-- macTopteTa, 241. 
-- vesiculm'is, 238. 
Otopteris obtusa, 223. 
Otter, course of the, 23 ; raised estuarine 

beds of the, 425. 
-- Valley, soils of the, 469. 
Otterford, chalk near, 237. 
Otterham Hill, height of, 6, 17. 
Over Stowey, limestone of, 54. 
Overlap in the carbonaceous rocks 

140-142, 145; in the cretaceous 
rocks, 249, 250. 

Owanvean Mine, 548, 622. 
Owen [Sir] R., on bones from Yealm 

Bridge cave, 414. 
Owles, Wheal, 622. 
Oxhill, limestone of, 69. 

Pach1jco1'lnUS, 226. 
Pachymya Gigas, 238. 
Padstow Harbour, 520; blown sand of, 

26, 444, 479, 480; grauwacke of, 
88, 89; raised beach and sand 
dunes of, 426. 

--, trap of, 498. 
PalwosauTus, 219. 
Panopwa plicata, 239. 
Par, raised beach at, 425. 
-- River, course of the, 22. 
-- Sands, grauwacke of, 82. 
-- Valley, stream· tin and gravel of, 

403. 
Pardenick Point, prismatic jointing in 

the granite of, 164. 
Paris, Dr. J. A., on blown sand, 478, 

480; on Cornish granite, 494; on 
granitic soils, 474,476; on the soil 
near St. Keverne, 473; the Eoil of 
Penzance, 472. 

Park Head, denudation at, 439; trap 
and grauwacke of, 90. 

Park Point Hill, height of, 17. 
Parknoweth Mine, 583. 
Parrett, bore of the, 459; course of 

the, 24; estuary of the, 448; 
gravel of the, 458. 

Parson and Clerk Rocks, 208. 
Pattison, S. R, on fossils from Pethel" 

win, 59, 60; on rocks at Landue 
Mill, 107, 108. 
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Paul, granita of. 494; height of hill 
west of, 15. 

Paving stones, 504. 
Pay tor, limestone of, 66. 
Peach, C. W., on fossiliferous rock of 

Oorran Haven, 83. 
Peat, 476. 
Pecopteris, 126. 
Pecten asper, 238, 245. 
-- Boissyi, 249. 
-- compositus, 245. 
-- Milleri1:, 245. 
-- orbicularis, 238, 245. 
-- 4·costatus, 248. 
- - 5-costatlls, 238, 248, 249. 
-- Stutchbllriensis, 245. 
Pectlllu;ulus sllbl,,'v/:s, 239, 244. 
-- 1tmbonatlls, 244, 248. 
Pedden Andrea adit, 564. 
Pedn Boar, steatite veins in serpentine 

at, 97, 98, 500. 
Pedn-mean-anmear, schorl at, 161. 
Peever, "Wheal, 19. 
Pelastine rocks, height of, 8, 16. 
Pelynt, grauwacke of, 81. 
Pembroke Mines, 303, 304, 552, 553, 

555, 597, 622. 
Penance Mill, lodes at, 307. 
Penare Barn, serpentine, etc. of, 85. 
-- Hill, height of, 16. 
Pen Beacon, height of, 4, 14. 
Penberthy Crofts Mine, 622. 
-- Cross, height of, 15. 
Penca1enick, grauwacke of, 893. 
Pencarra Point, grauwacke of, 80-82. 
Pencarrock, serpentine cutting slate at, 

99. 
Pendarves, direction of lodes near, 307 ; 

soils of, 476. 
Pendennis Castle, height of, 16; grall-

wacke near, 93. 
Pendowa, gI'auwacke of, 86. 
Pendrief, granite of, 492. 
Pengelly Mine, 615. 
Pengwinion Heacl, grauwacke of, 96. 
l'enhale, height near, 18. 
-- Point, height of, 16; Trappean 

porphyry of, 99. 
Penh allow Downs, grauwacke of, 92. 
Penhill Point, raised bea.ch at, 425. 
Pen1ane, decomposed elvan at, 180, 

453, 510. 
Pen1edeen Cove, schorl-rock of, 160. 
Pen1ee Point, grauwacke of, 65. 
Penquean slate-quarries, 90, 503. 
Penrice, elvan of, 11:;2. 
Penrose, Capt. 'V., on the Conso1s 

Illme, 324. 
Penrose, height of hill near, 16; lead 

mines of, 539, (j 11. 
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Penryn, altered slates near, 269; 
el vans of, 495; granite of, 493; 
soils of, 476 ; magnetic iron·ore of, 
618. 

Penstruthal copper-mine, 337. 
Pcntacrinite8, 224, 227. 
Pentewan, grauwacke of, 83, 92. 
Pentire Point (Newquay), height of, 16. 
-- (Padstow), grauwacke and trap 

of 88. 
-- Hill (Padstow), height of, 17. 
Pentllan"stone or elvan, 182,495. 
-- stream-tin works, 401-403, 407· 

E34, 545,622. 
Penvorder, height of, 17. 
Penzance, climate of, 464; grauwacke 

of, 100; scltorlaceous granite of, 
160; soils of, 472. 

Peppercombe, magnesian limestone at, 
210. 

Permian. See New Hed Sandstone. 
Permizen, grauwacke and trap of, 89. 
Perna Tostmta, 245. 
Peroxide of iron, poisonous effect of, 

228. 
Perran Arworthall, arsenic works of. 

618. 
-- Bay, blown sand of, 25, 426, 444, 

445. 
-- Consols Mine, 622. 
-- Downs Mine, 583. 
-- Porth, submergef\ forest at, 419. 
-- --great cross-course at, 306. 
-- Wheal, 542. 
Perranuthno Downs, brecciated lode 

at, 323. 
Perranzabuloe, old church at, 445. 
Pertinnery Hill, St. Just, height of, 

14. 
Peter's Stone, Holne Ridge, height of 

4,,14. 
Petit Tor, grauwacke trias of, 205, 

206 ; marbles of, 498. 
Pctricola, 243. 
Phasianella, 246. 
Phillips, Prof. J., on fish-remains in 

the grauwacke, 86, 87; on fossils 
from Barnstaple, 50,51 ; on fossils 
from South Petherwin, 59, 60 ; on 
fossils from'Vhitesand Bay, 78, 79; 
on fossils common to carbonaceous 
rocks and grauwacke, 138-140; 
on Goniatitcs and Posidonia from 
the carbonaceous limestone, 117, 
138; on jointing, 275. 

-- R., analysis of copper ores, 590 ; 
on mnrchisonite, 208. 

-- 'V., on cnpper mines, 605. 
Phillpot, Miss, fossils collected by, 

225. 
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Phcenician trade with Cornwall, 523. 
Phcenix Mine, 62'2. 
Plwlas prisca, 243. 
PhoZ,iduphorus, 226. 
Phosphate of lime in fossils, 264, 265. 
Physical features of the district, 1-26. 
Pickwell Down, blown sand near, 444. 
Pileopsis vetllsta, 64, 76. 
Pillaton, antimony at, 616. 
Pine from submerged forest, 419. 
Pinhay Bay, fault at, 291. 
Pinite in elvans, 175, 176, 183, 453; 

in granite, 161. 
Pinna tetragona, 245. 
Pipe.clay, 162, 257, 258, 452, 509-513. 
Piran. See Perran. 
Pitt·louarn Mine, 536. 
Plagiostonw, ~24, 227. 
Plants from the alluvial deposi's, 402-

404, 407, 417-420; grauwacke 
anti culm measures, 50, 113 115, 
126, 130 137; greensand, 238; 
lias, 223. 

Plastic clay series, 241, 255-260. 
Playfair, .J., on the Plymouth lime· 

~tones, (i4. 
Pleistocene, 255 260, 395-434. 
Plenty, Wheal, 597. 
Plcsioscturlls, 226, 229-231. 
Plcll1'oto1ncwia Anghca, 224, 227. 
-- cirrijorm'is, 64. 
Plicatnla spinosa, 224. 
Pliocene, 258-260. 
Plowden's Reports quoted, 616, 617. 
Plumb granite, 336, 386. 
Plumbago in ehan at Restronget 

Creek, 182, 618. 
Plym, course of the, 23. 
Plymouth breakwater, stone of, 491. 
--, climate of, 465, 46!); grauwacke 

of, 141 ; limestones of, 64, 65, 76, 
498; ossiferous fissures near, 412, 
413; raised beaches at, 423, 424; 
soils of, 471; Victoria Spa at, 
517,518. 

-- Sound, grauwacke east of, 78. 
Plympton St. Mary's, stream tin at, 

647. 
Plymstock, limestones of 65. 
Pocombe, trap in the trias of, 203. 
Podopsis striatlls, 245. 
Poicilitic; name proposed, 150, 193. 
Pol bel' on Mine, 538, 582, 622. 
l'olbreen Mine, 597, 622. 
Poldice .\;lille, 19, 337, 551, 552, 555, 

583,597, 635, 
Poldory Mille, 306. 
Polgooth, 182, 304, 310, 536, 538, 552, 

555, 563,582,615, 622. 
Polgrain, gra'I,,,,,,,,,'ke of, 85. 

2.J. 

Pollaphant, potstone of, 59. 
Pollic'ipes lcevis, 243. 
Polperro, grauwacke of, 80; height of 

hill east of, 18;' soil at, 466. 
Poltimore, trap in the new red of, 202. 
Poltreath, hornblende slate and ser· 

pentine of, 30. 
Polventon Bay, erosion of, 442. 
Pons Mill, ancient bridge at, 403. 
Ponsnooth, cobalt near, 614. 
Pool Mine, 535, 536, 539, 547, '611. 
--, copper sales at, 541. 
Pooleys, height of, 15. 
POl'kellis, el van of, 495. 
Porlock, beach at, 444; dolomitic 

conglomerate at 197; submerged 
forest at 419 ; woods near, 467. 

Pornanvon Cove, raised beach at, 423. 
Porphyry for building stone, 490; in 

polishing, 501, 502 
--, See also Granite and Elvan. 
Porthalla, grauwacke and_serpentine 

of, 30, 95, 96, 99 ; raised beach near, 
431. 

Porthollalld, grauwacke of, 84, 85. 
Porth Island, grauwacke of, 8(i. 
Porthleven, grauwacke and trap at 

99; submerged forest at, 417. 
Porthloe, igneous rocks of, 85. 
Porthmear, granite veins of, 168. 
Porthoustock, diallage rock cutting 

greenstone at, 99. 
Porthpean, schistose trap of, 82. 
Porthqueen, intrusive trap of, 88. 
Port Isaac, alteration in the slates of, 

267 ; trap nf, 88, 498. 
Portledge Mouth, red sandstone and 

carbonaceous rocks of, 124, 210. 
Portmellion, grauwacke of, 83. 
I'ortreath, grauwacke of, 92. 
Posidonia, 103-105, 117. 
PotterieR, Roman, 422. 
Pottery· clay, 162, 257, 258, 452, 509-

513. 
Potts, Dr., on encrinites from Bodmin, 

91. 
Pradanack Cove, hornblende slate and 

serpentine at, 30. 
-- Down, height of, 15; native 

copper in steatite veins near, 98. 
Prideaux 'Warren, height of, 17. 
Prince's Common, grauwacke of, 92. 
Prinsey, grauwacke of, 80. 
Probus, grauwacke of, 83, 92; height 

of, 7, 16, 
Pl'oducta depressa, 51, 64, 76. 
Prospect, Wheal, 552. 
Prosper, 'Wheal, 304, 622. 
Providence Mine, 304, 533. 543, 552, 

553, 555, 583, 597, 622, 
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Prudence, 'Yheal, 552, 553, 555, 597, 
622. 

Pryce, "~., on age of lodes and faults, 
352-354; on antimony ore~, 615; 
on blende, 617; china-clay, 513; 
clay of St. Agnes Beacon, 512; 
copper-ore sales, 541, 606, 607; 
dressing tin-ores, 546, 575-580; 
expenses in copper mines, 605, 
606, 607; infilling of ,-eins, 368-
370; lead mines, 611 ; tin mining 
and streaming, 535, 544-548; 
tribute working, 568, 569; waste 
of copper ores, 591. 

Psammobia > gmrilis, 2·li. 
Pseudomorphs, 160, 161, 26!J, 390, 

391,644. 
Ptcl'inca, 51. 
Pterodactyle, h'Luits of the 230, 2:H. 
PtcJ'odactylus macJ'onYJ:.', 2:~6, 230. 
Ptycholepis bollensis, 226. 
Puck walls, height of hill abo, e, 17. 
l'wlding -stone, 236. 
Pumping-engines, 547-556, 562, 56:3, 

634-642. 
Pllrser, mine, 566. 
Pye, 'Yheal, 583, 622. 
P'yrolusite, 610. 
PYl'lIla,246. 

Quan'ock Hills, grauwacke of the, 
53-56; height of the, 2; new red 
of the, 195. 

Quartz crystals for jewellery, 496, 
497; in dtcomposed ell-an, 433; 
for TOad-metal, 484. 

-- -porphyry boulders in the new 
red, 204, 217; for buillling, 491; 
of Dunchideuck, 203, 20t, 217. 

(~llet her, greenstone of, 121. 
(lllethiock, granwacke of, 79. 

l{addington, soil of, 471. 
J{adlet, grauwacke of, 56. 
Haffies, Sir S., on tin from Malaya, 

522,523. 
!taised beaches and estuaries, 423-

434. 
Rame Head, grauwacke of, 65. 
Rams Down, greenstone of, 121. 
Hamsleigh, caruonaceous rocks of, 109. 
RattE'ry, slate quarries near, 5Ja. 
Rawleigh, Sir 'Val tel', on the Tillllers, 

531. 
Red beds in the grauwacke, 47, 48, 53, 

65,71, 78. 
Hed conglomerate for bllilding, 489. 
Red deer in Cornwall, 645. 
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Hed marls, minerals in the, 320. 
Red Sandstone Series, 193-221; de

composition in the, 455; faults in 
the, :U2, 313; soils of the, 466, 
468-470. 

Red \Yall Mine, 301. 
ltedding Point, porphyritic rock of, 

65 ; raised bearh of, 424. 
Redmoor Consols Mine, 62'2. 
Redrnth Church, height of, 19. 
- -, coppersales at, 541,543 ; direction 

of lodes at, 303, 310; elvans of, 
176, 310; grammcke of, 93, 100 ; 
plan of the great cross course of, 
2!l'i.298 ; tin sales at., 581, 582. 

Reeth, Wheal, 548, 582, 622. 
Helistian Mine, 306, 532, 553, 553, 591, 

597, 62:2. 
Reptiles, fo>sil, 219, 226, 22i, 2'29-231, 

265. 
Re,;tiuas, height of hill abo\'c, 17. 
Restronget C, eek, antimony at, 616; 

.tre<tlll tin works of, 401, 404, 403. 
535,545. 

---, grauwacke of, !J3. 
Retallack, direction of the lodes at, 

307. 
Rew. trap in the trias near, 201. 
Hh,-etic beds, fossils in the, 219. 
lthiuoceros relll3.ins in gra\'el. 412, 413. 
lU<lge, tertiary marls near, 256. 
Ridgeway, gravel of, 236. 
Hiley, Dr. E., on Saurians, 219. 
Bing ore, 371. 
Hipl'oll Tor, height of, 5, 14. 
Hi\'er~, courses of the, 21-24. 
RiYers, material brought down uy, 

436-460. 
Road materials, 480-485. 
HoLorough stone, 1~4, 49,). 
Hoehe, granite of, 160. 
-- ltock, 16, 449, Pl. xii. fig. 2. 
--- Mine, :~04, 532, 533, 5;55, 583. 
Hock, Wheal, 584. 

- basins, 451, 452. 
- - crystals, 496,497. 
- - Hill, limestone of, 73. 
-- Nose Point, ntised beach at, 426. 
Rocks Mine, 622. 
Rocks, preservation of cliffs by, 442, 

44:~. 
Rogers, Rey. Canon, on the limestone 

of POl'Lhalla, 95; on >ubmerge,l 
fOl'ests,417. 

Homan antiquities in stream-works, 
525. 

-- remains in the Bridgwater 
Leyels, 422. 

Rome, 'Yheal, 622. 
Roofing slates, 502-504. 
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Roscarrock, conglomerate of, 89. 
Roscreage Beacon, greenstone and 

hornblen<le rock at, 31; height 
of, 8, 16. 

Roscrow, ehan of, 495. 
Rose, "'heal, 305, oll, 622. 
Rosemergy, schorl·veins of, 161. 
Rosemullion, grauwacke of, 93. 
-- Head, raised· beach near, 432. 
Rosewallon, height of, 16. 
Rosemoran :'Iine, 539. 
Roskear Mine, 539. 
lWspeath Mine, 62-2. 
Rostellaria, 246. 
Roster Bridge slate quarries, 503. 
Rutella expallsa, 2'24. 
Rougemont Castle, stone of, 490. 
Rough Tor, height of. 6, 17. 
Royal Duchy Mines, 583. 
-- Pol be ron Consols, 582. 
Ruan .Major. height near, 15. 
-- :'Iinor, height of, 15. 
Rule, J., on a cayern in Dolcoath 

Mine. 324, 39"2. 
Rundle, J., on culm at Bicleford, 514. 
Buten Point, diallage cutting green· 

stone at, 99. 
Ruthern Bridge, grauwacke of, 91. 
R~'e Downs, grauwacke of, 80. 

st. Agnes Beacon, height of, 8, 14; 
granite of. 162; sand and clay of, 
258-260, 511. 

---, direction of the lodes near, 305, 
310 ; elvan of, 1 i7, li8, 310; grau
wacke of, 9"2, 93, ores of, 284. 

- - (Scilly), giants punch bowl at, 451. 
St. Allen, grauwacke of, 92, 93. 
St. Anthony, grauwacke of, 93, 9.1. 
St. Austell, antimony at, 5a9 ; china-

clay of, 509 ; elmns of, 182, 183, 
310, 453, 502; granite of, 159, 160, 
164, 165, 452, 47i; grauwacke of 
82; heights near, 17; lodes of, 
30.1, 310, 351, 366, 367; ores of, 
284 ; stream-tin of, 534. 

--- Hills :'Iine, 304, 583, 62-2. 
St. Blazey, heights near, Ii; stream 

tin at, 534. 
St. Breock, grauwacke of, 90. 
--'s Downs, grauwacke of, 86, 91 ; 

heights of, 7, Ii. 
St. Breward, granite of, 492; height 

of hill above, 6, 17. 
St. Budeaux, trap and grauwacke 

of,63. 
St. Buryan, height of, 14. 
St. Cleer, grauwacke of, 79 ; height of 

down near, 18; trap of, 79, 498. 
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St. Clether, metamorphism near, 268 ; 
trap of, 57, 58. 

St. Columb Major, grauwacke of, 86 ; 
quartzo-felspathic veins in slate 
near, 270. 

-- Minor, clayey elvan of, 179, 311, 
453. 

St. Day, grauwacke of, 93; height of, 
19. 

St. Decumans, new red eandstone of, 
196. 

St. Dennis Down, mica vein at, 160. 
-- heights near, 16. 
-- Hill, granite of, 160. 
St. Enoder Consols, 583. 
-- direction of the lodes near, 304 ; 

height of, 16. 
St. Enodock, grauwacke of, 89. 
St. Erth, grauwacke of, 100; height 

of hill near, 15; paralleligm of 
lodes and elvans at, 310. 

St. En'an, grauwacke of, 90. 
St. -'2val,: grauwacke of, 86; height of, 

I, 1,. 
St. Ewe, stream-tin at, 534. 
St. Genni~ Hill, height of, 17-
St. German's Beacon, height of, 18. 
St. Hilary, height of, 9, 15. 
St. Issy, lead mine at, 539, 611. 
St. I \'es Bay, blown sand of, 25,426,444. 
--Consols ~Iine, 306, 58:2, 62-2. 
St. Just, direction of the lodes near, 

30S ; grauwacke of, 93; height of 
the mill near, 16; mines of, 337, 62-2. 

St. Kaine's well. 517. 
St. Keverne, diallage rock of, 98; 

height of, 16; soil of, 473. 
St. Kew, antimony at, 539; eh'an at, 

181 ; grauwacke of, 88, 89. 
St. Kitt's, height of, 17. 
St. Lena, height of hill near, 15. 
St. :'Iabyn, grau wacke of, 88 ; height 

of,17. 
St. :'Iartin, gran wacke of, 95. 
--'s, Scilly, granite of, 161. 
St. Mary Church, fault at, 295; marble 

of, 498. 
St. :'Iary's, Scilly, kettle and pans at, 

452; soils of, 475, 476. 
St. ~lerryn, antimony at, 616; lead 

mines near, 611. 
St. ~Iewan's Beacon, schorl· rock of, 

160, 501 ; greenstone of, 82; height 
of, 16. 

St. ~lichael's ~Iount, granite of, 162, 166; 
169-171 ; height of, 15; minerals 
of, 347, :l48; soils of, 476; sub
merged forest near, 530; the 
classic Iktis, 5:24; woods of, 418. 



INDEX. 

St. ~tin vel', antimony at, 539; grau
wacke of, 88 ; heights near, 17. 

St. Neot's, direction of the lodes at, 
310 ; grauwacke of, 81 ; mines of, 
583 ; .hte quarries of 503. 

St. Pinnock, grauwacke of, 81. . 
St. Stephen's, antimony at, 539; china

clay of, 510, 512; granite of, 492 ; 
grauwacke of, 63, 79, 82; height 
of, 7, 16; iron-lode near, 617; trap 
of, 63. 

-- Beacon, height of, 7, 16. 
-- Branel, stream works of, 534. 
-- Down, height of, 14. 
St. 'l'eath, antimony near, 616; elvan 

of, 181 ; grauwacke of, 88, 90. 
St. Tudy, gra,nwacke of, 88. 
St. l'mey, (rap an(l granwacke oi, 

6a. 
St. 'Y con, clayey cl van near, 180, 

45a. 
SaltaEh, antimony near, 61:'i; trap and 

grammcke of, 62-64, 79. 
Saltern Cove, trap and limestone of, 

72,73. 
Sampford ArulHlel, new red ~andstone 

of, 198. 
-- Brett, limestone near, 55. 
-- Peverell, dolomitic conglomerate 

of, 199. 
Sancree(l, well at, 517. 
Sand, blown, uHed for manure, 47S-

480; con~olidate<l recent, used for 
lmilding, 495, 496. 

-- dunes, 25, 26, 426-428, 44a-446. 
SILllflplace, grauwacke of, 80. 
Sandri(lge, grauwacke of, 72 
Sandstone, recent, 4al, 495, 496. 
Sandy Gate, greensmld (?) at, 248. 
Sarah, 'Vheal, 622. 
Saturn, 'Vheal, 611. 
Saussurite, 98, 500. 
Savary's engine, 548. 
Sawah, height of, 14. 
Scala ria pul('hm, 246. 
Scaphites, 23R. 
Schists, 27-36. 
Schlosser, Dr. A., on bi'llluth an<l 

cobalt, 614. 
Schorl, chemical cOlllposition of, 189, 

190; in altered ~lat es, 268, 269 ; 
in granite, 157-162, 164, a46, a47 ; 
in tin lodes, a27, 346, ;~47 ; replac
ing felspar, 160, 161, H10; vein~, 
159, 161, 162, 190, 269, il46, 347. 

Schorlaceou~ granite veins, 17~. 
Schorl-rock, 157, HiS, 160, 161; de

composition of, -!!9. 
Schorl-rock for polishing, 501 ; for road 

metal, 484. 
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~cilly Islands, elvan in the, 174; Giant's 
Punch Bowl, 451 ; Granite of, 161, 
494; Kettle and Pans, 452 ; physi
cal featmes of, 9; soils of, 475. 

Seobell, Mr., copper smelting by, 5-11. 
Scol'l'ier House, height near, 19. 
-'-, 'Wheal, 584. 
~colland Corner, height near, 7. 
Sea, action of the, on coas~s, 435-449; 

changes in the saltness of the, 15~. 
--, deposits now forming in the, 460. 
--winds, effect on vegetation of, 466, 

467. 
Seaton, Eitst Looe, height near, 18. 
~e(lgwick, Rev. Prof. A., on joints and 

eleayage, 271, 276, 277; on the 
conglomerate of N are Point, 93. 

-- and [Sir] R. Murchison on raised 
beaches, 424, 4:2i;, on the chssifica
tion of the grauwacke and culm 
measures, 40, 4il, 130. 

Seclgmoor, ancient beach of, 421. 
i-lediment depositcll by rivers, 456 460. 
Rclenitc in the red marl, a20. 
ScmioJ/otlls dlOmi)ljc!", ~:26. 
Scnnen, height of, 14. 
Sequcrs Bridge, limestone of, 66. 
Serpentine of the Lizitrd, 96·-99; granite 

veins in, 172; association '" ith 
hornblende slate, 30-35. 

-- Nare Head, 84, 85. 
-- joints in, 273; soib on the, 466, 

4/a ; for poli~hing, 499, 500; for 
magnesia, 499. 

Srrpilla. 238, 243, 251. 
Seton, Wheal, 555, 597, 622. 
Seveock 'Vater, elvan of, 177, 502. 
Sewer Valley, vegetation of the, 467. 
Slmrkhall! Point, dia150nal cleavage at, 

44, 4,); gmuwacl.;:e of, 73. 
Sharp Point Tor, height of, 6, IS. 
Shang-h Prior, iron-lode near, 617. 
Shearing. 44, 45. 108,275-279. 
Sheep wash, alluvial soil of, 477. 
Shell Top, height of, 4, 14. 
Shells, mineralisation of, 264. 
Sherlano'ston, el van of, 78. 
Shillingfonl, granwacke and cnlm 

measnres of. 104. 
Shilstone, limestone of, 6U. 
Shiplate, dolomitic conglomcrate of, 

194. 
Rhoading for tin, 528, Ba5, ;;45. 
Siderite, see Iron Ore. 
Sid month, chalk of, 2il7; gravel of 

])nllscombe Hill, 253; loss of lan<l 
11 ear, 440, 441 ; trias of, 208. 

-- Valley, soil of the, 4G3,406. 
Siellite, soil of the, 473. 
-- see also Greenstone amI Trap. 
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Sigillaria' ill natural po~ition at Melin-
glyn-llech, 14;~. 

Signal Staff Hill, serpentine of, 499. 
Silicate of iron in greensand, 254. 
Silicification of rocks, 262-265. 
Silicified wood, 496. 
Silting.up of harbours, 518-522. 
Silurian rocks in Cornwall, 83-86. 
-_. ~ystem, ohsen-ations on the, 39, 

40. 
Silver ores, 284,285,287-289, 301,611-

613. 
Silverton, trap near, 20l. 
Simons bath, limestone of, 55. 
Siphonia pY1-iform';s, 243. 
Sisters, Wheal, 622. 
Sithe-stones, 242, 516, 517. 
Sithney, height of, 15. 
Slade Down, height of, 18. 
Slapton, beach and lake at, 447 ; new 

red of, 210, 21l. 
-- Sands, grauwacke of, 77. 
Slates, metalliferous varieties of, 3;)5, 

336; soils on, 466; workable, 124, 
502 504. 

SI~ty cleavage, 44, 45, 108, 275-279. 
SlIdes, age of, 311 ; see also Faults. 
Slimes, 576-580. 
Smear Ridge, trap of, 122. 
Smelting tin-ore, 5:{0, 531, 537, 538. 
-- copper·ore, 540, 596. 
Smith, E., on Carnon stream-works, 

404. 
-- 'V., geological map, 156. 
Smithson, J., analysis of calamine, 

616. 
Soils, 463-480. 
Solarium conoidi1l1n, 246. 
Soldridge, clays and sands of, 258. 
South Brent, iron-ore of, 618. 

Caradon Mine, 597. 
-- Monlton, limestone near, 117. 
-- Petherwin, carbonaceous series 

of, 154; grauwacke of, 59, 60, 118, 
140; junction of the culm measures 
and granwacke at, 106, 107. 

-- Polgooth Mine, 583. 
-- Pool, mica slate of, 27. 
--- Roskear Mine, 551,553, 555, 597, 

622. 
-- Sydenham, slates of, 62. 
-- Tawton, limestone of, 118. 
-- vVheal Basset, 597, 62l. 
- - -- Mary, 622. 
-- -- Rose, 583, 622. 
-- --- Towan 552 553 555 
Ronthwood, trap 'of, 68. ' , 
Sowerhy, ,J. on fossils from Plymouth, 

64, 65, 75, 76. 
Sowteutown, trappean ash of, 120. 
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Span Head, height of, 2, 14. 
Sparnick Moor, elvan of, 183. 
Sparnon, 'Vheal, 19, 1)64,615. 
Sparrow, \Vheal, 598, 622. 
Spatangus Bllfo, 24:{. 
-- Cor·anguinllm, 249. 
Spe(1,rn Moor Mine, 583, 598, 622. 
Speed, Wheal, 597, 622. 
Sphenonchus 225. 
Sphenopteris' aeuta, 126. 
Spinacorhinus polyspondylus, 225. 
Spirifm-, 64, 76, 224. 
Sponges in flints, 264. 
Spotted slates, 268. 
Springs, deposits from, 321, 322. 
-- mineral, 517,518. 
-- minerals and gases in, 389, 456, 

457. 
Spry's Dues, 583. 
Squire, Huel, 19,337. 
Staddon Point, gran w(1,cke of, 65, 7S. 
Stamping tin-ores, 576-580. 
Stannary courts and laws, 527, 618-

620, 646, 647. 
Stannite, 348,584. 
Start Bay, beach causing lake at, 25 ; 

grauwacke of, 77. 
-- Point, mica-slate etc. of, 27, 29. 
StaYerton, grauwacke of, 69; slate· 

qnarries near, 503. 
Stawley, granw(1,cke of, 53, 104. 
Steam-engine, J:irst introduction of, 

in mines, 536. 
Ste(1,tite u~ed for vases, 500. 
-- veins in serpentine, 97, 98, 51l. 
Stenna-gwYll Mine, 584. 
8tep-asille, schorlaceous granite of, 

160. 
Stepper point, grauwacke of, 89; 

height of, 17. 
Sticker Down, height of, 16. 
Stigma}'ia ficoides, 50. 
Still, H., on granite of the Lizard, t7:l; 

heights in Cornwall, 14 16. 
Stithians, height of, 16. 
Stogumber, limestone and conglo· 

merate of, 55, 198. 
Stoke Fleming, grauwacke of, 77. 
Stoke Hivers, granwacke near, 52. 
Stokeleigh Pomeroy, soils of, 469. 
Stokenham, grauwacke of, 77. 
Stolford, beach near, 444; submerged 

forest of, 419. 
Stone, for building, 485-496; orna

mental, 496-502; for rO(1,d met'll, 
480-485. 

Storm of November, 1703, 12, l:l. 
Stowforrl, limestone at, 117, llS. 
Rtraightway Hill, gravel of, ,39(;. 
Stratification in granite, 16:~, W4. 
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Stray Park Mine, 39i, 622. 
~tre"lllers, number employed, 622. 
~trealllS, chinll·clay in, 23S. 
Streanl-tiu, ~522, 5:23, 523, 5:2;, 33:?,33!, 

533, 545-547. 
Street, grau wacke of, ii. 
Stl'obilitcs dOl/gata, :223. 
Strode, R., imprisollment of,GI9. 
Strom, 1I., on waste in copper ~melting, 

607. 
Stromeyer, F., analysis of arsenical 

pyrites, 61S. 
~trontiall, 320. 
Stutchbury, S., on coral reefs, Iii, 14S; 

on saurians, 219. 
Sub-a~rial denudation, 449-460. 
Submarine mining, 644, 643. 
Submerged forests, 402--407, 416-4:2.3, 

433, 1)30, 64,3. 
Supracretaceous deposits, 233-260. 
Swaine, S., copper smelting by, 5H. 
Swan Pool, formation of, 44i; grau· 

wacke of, 93. . 
Swansea, copper sales at, 59S-60 ). 
Swim bridge limestone, fossils of the, 

105, 117. 
Sydney Cove Mine, 59S. 
Syenite, see Greenstone and Sienite. 

Talcose slates, 29, 30. 
Talland, grauwacke near, 80; height of 

hill abm-e, 18. 
Tamar, course of the, 21, 23; detritus 

carried by the, 458 ; grauwacke on 
the, 62-64. 

-- and South Hooe, 'Yheal, 622. 
Tamerton Foliot, grauwacke of, 62. 
Taunton, soils of the Vale of, 468, 469. 
Tavistock, direction of the lodes nea r, 

310; faults near, 296; green
stone of, 498; junction of culm 
measures and grauwacke near, 108, 
109, 140, 141; manganese at, 109, 
609, 610; ores of, 283, 284; slate· 
quarries near, 62, 503 ; soils near, 
470, 477; trappean ash of, 61. 

Tav3', course of the, 23; gravels of 
the, 412. 

Taw, course of the, 23; gravel of the, 
45S, 4(,9; rab"d beaches and 
estuarine depo~lts of the, 425,426. 

-- and Torridge, bars at the mouth~ 
of the, 448, 459. 

Tawstock, culm of, 514. 
Taylor, J., copper-mining, 600-6l2, 

608; on eh-ans of Morwell Down~, 
lS4; lead - mining, 610, 624 ; 
mineral veins, 350; tin-mining, 
588,589; tribute working, 568, 569. 

Teague, Capt., on Tin Croft ;'Iline, 
644. 

Teague's Bargain :Mine, ;3S3. 
Tehidy, grauwacke of, 100. 
Teign, bar at the mouth of the, 447, 

448; course of the, 23; gravel of 
the, 412, 458, 439. 

Teignmouth, denudation of the clift's 
near, 44U, 441 ; red conglomerate 
of, 204, 208, 490. 

-- estuary, fault in, 29;;. 
-- harbour, 520. 
Tcllina, 239, 244. 
Temperature of the rock III mine' 

373, 374. 
Temple Tor, height of, 6, 17. 
Templer, Re,'. J., on the china-cby 

of Bony, 511. 
Tennantite, analysis of, 590, 591. 
TCI'eb1'lltlllr( biplimta, 238, 245. 
-- fJ'lU}U!Uct, 2:?4. 
-- deprcssa, 246. 
-- didyma, 51, 60, 140. 
-- rlilatata, 246. 
-- dimidiata, 248. 
-- imbricata, 64, 76. 
-- latissima, 246. 
--Lym,246_ 
-- megatl'Cllw, 246. 
-- PiSIl1ll, 246. 
-- platyloba, 64, 76. 
-- plieatella, ,31, 60,139. 
-- pOl recta, 76. 
-- PlIgnlls, 64,713. 
-- sCl'mta, 224. 
-- stl'iatllla, 246. 
Tertiary deposits (and see Urayeb) 

255 260. 
Tetragonolepis, 226. 
Thatcher Rock, raised Leach at, 424. 
Thccodontosalll'us, 219. 
Thetis, 239, 240, 244. 
Thomas, R.. on height. at mines in 

Cornwall, 13, 18, 19; on mine
plans, 558; on the great adit, 
etc., 564. 

Thompson, Dr. T., analysis of anti
mony ores, 616; of bournonite, 
616; of copper pyrites, 590; of 
Lizard mussurite, 98; of murchi
soni te, 208 ; of tin ore, 584. 

Thorn, grauwacke of, 83. 
Thorverton, trap of, 201, 490. 
Thraselton, limestone at, 117, 118. 
Three Barrow Tor, height of, 4, 14. 
Thurlestrme, red conglomerate of, 210 

211. 
Thl1l'loxton, grauwacke of, 513. 
Ticketing ores, mode of, 541. 
Tide, abrading power of the, 435-437 
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Tide leyel, remarks on the, 10-13. 
Tigley slate quarries, .503. 
Tilnbel'ing l11i1l8S, 37:::; 373. 
Tin, annual produce of, 587 589; at 

Ballka, 323; refined, 58.3; tax 
and coinage of, 585-590, li:29-63-i ; 
]llining, ancient, 2:2ti, 3-17; lllilling, 
1ll001ern, 5:2:2 332, ii3-i-538; per
oxide, "",clysis of, 58-i; pyrites, 
,maly"is of, ;j-i8; pyrites, mode of 
occurrence of, 58!. 

--, stream, :239, 397 -i06, 5:22, 5:23, 
323, 3:27, 53:?, ~):~!, .333, 5-13, 647. 

Tin Croft ~line, 19, 551, 553, 555, 58:2, 
598, 6:2:2, 6H. 

Tin arc', distribution of the, :2S:i :286, 
30:2, 326 330; filling joints, 3-i6-
:i4.8; strings in gl'lLllite and clYan, 
IG:2, IS;3, :331 ; aRsayiug, 581, 38:Z ; 
tlressing, 575-380; sll1elting, 530, 
3;31, 537, .J;~S; st'lling, 581 58!. 

Ting Tang ]\Jine, 19, 5-i8. 
Tinners, charters to, 6:25-6:27, 6+6; 

damage llonc by, 628, 629 ; laws of 
the, 5:.!7, lilS li:.!O, 6-i6, 6-i 7. 

Tintagel, grall\\~aeke of, 3li, ;")7, 88: 
slate fluarrics of, 502,503; trap of, 
-i98. 

Titch Beacon, greenstone of, 57 ; height 
of, 6, 17. 

rriYCrtoll, ct-ll'honac:eons 1'ock8 of, 124; 
soils of, -i69, -i70; trial for coal at, 
515. 

Tober Tor, height of, 6, 18. 
Toldish ~line, 30-i. 
Tolgus, "'heal, 551, 53:.!, 55:>, 598. 
Tolvorn, height of, lli. 
Tone, course of the, 2-i. 
'1'0018 nRc(l in tin Ininill!.!, 3~8. 
Topaz in granite, 3!7, 64-i. 
Tor Moham, limestone of, 71. 
Torbay, faults in, :295; limestone of, 

71, 7:2, H6; ncw red sandstone of, 
203; soils of, -i71; submerged 
forest of, HI. 

Torbryan, limestone of, 69. 
'/'o)'lwte1ln! a.tlin is, 2-i6. 
Torfluay, limestone of, 71, 72, 146. 
Torr, elvan at, 78. 
Torridge, allU\~inlll of the, 477; course 

of the, 2;~; gra\"el brought down 
by the, 458, 459; raised beaches 
and estuarine deposits of the, 426. 

Tors, formation of, 449 452, 
Totnes, gran ,yaeke of, 71; 111arble of, 

498; ~oils of, 470; uneonform
ability between grauwacke and 
culm-measures near, 111. 

Tourmaline, Gmelin's analy,is of, IS9. 
-- SC( also Schor!. 
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Towan Head, grau\Yacke and trap of, 
86, 87; height of, 16. 

To\yednaek, height near, 9. 
Trannock Downs, height of, 9 15. 
Trap, intrusiye in the grauw~cke, 37, 

63, 65, 67, 68, 7S, 8:2, 86-89, 93, 9-i, 
99, 211, 21:2, 466; in the earbon
:1Ceons Eeries, 11:2, 119, 122, 267. 

-- of the age (,f the grauwacke, 37, 
57-59, 61-6-i, 7:2, 79, 84, 85, 88, 89, 
95, 96, 100, 140, 152, 153; of the 
carbonaceous series, 119-123, 45-i ; 
of the hornblende slates, 31 ; of 
the tria~, 199 -204, 211, 212, 215-
218. 

--boulders in the trias, :.!O-i, 207, 213, 
217, 218. 

-- altered by gmnite, 122, 1:.!3, 165, 
267, :269. 

-- connection with minen.l veim', 
286, 338, 385, 386. 

-- decomposition and soil,; of, 8:2, 
4;'3, 43-i, -i66, 470-472, -i77. 

-- for road-metal and building, -i8:2, 
489--i91. 

-- Sec a180 Serpentine and Elvan. 
Trapl'ean ash in the trias, :200; in the 

culm measures, 108, 119-121; in 
the gmnwacke, 37, 57-59, 61-6-i, 
68, 70, 72, 79, 8:.!, 99, 119, HO, 152, 
153. 

Treasure, 'YheaJ, 622. 
Trea,sury, "Theal, 555, 398. 
Trebarwith Sands, 479. 
-- Strand, trap of, 57. 
Tre borough, limestone of, 53 55, 1:29 ; 

slates of, 502. 
Trelmrget Mine, 611. 
Trecarrell Bridge, vesienhu trap near, 

61. 
Trecohben Hill, Rchorl-rock of, 160. 
Tredar"" Mine, 622. 
Treeye, blO\\'n sand near, 25. 
Treffry, A, 335,403, 501,519, 563, 603. 
Trcfnla Beacon, height of, 19. 
Tregadillack, trappean ash at, 119, 
Trega ,~ara Mine, 583. 
Tregear, height of, 16. 
Tregehan, granwaeke of, 82. 
Tregelles, Mr. on man engines, 572. 
Tn'gender, granite of, 161. 
Tregili"an, height of hill near, 15. . 
Treo-onnino' Hill, decomposed gramte 

"of, 162, 452, 509 ; height of, 8, 15. 
Tregony, grauwaeke of, 93. 
Tregoon, gran wacke of, 91. 
Tregorrick, schiRtose trap of, 82. 
Tregoss l\Ioor~, grauwacke of, 86; 

manganese of, 539, 610. 
Trcgothnan, height of, 16. 
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Tregurno Hill, height of, 15. 
Tregurtha Mine, 333, 548. 
Tregurthy Moor, wood·tin of, 400. 
Trejeuvyan Mine, 539. 
Treliver Mine, 304. 
Trelowanen, grauwacke conglomerate 

of, 95; hornl)le11l1e-rock and ~er
pen tine of, 31, 499. 

Trelowdh, till sltles at, 581, 582. 
-- Downs, height of, 19. 
Treloy, ~tream-tin near, 405 ; antiqui

ties found in the stre'tm-,,-orks at, 
523. 

Trelnbua~ Bargains, 583. 
Trelth,well, iron ore at, 288, 618. 
Trelllore, eh-an at, 180, 501, 502. 
Tremoutha, height near, 17; slates of, 

124. 
Trencroll1, height of, 9, i5. 
Trengwainton, soil of, 47G. 
Trenoweth, antiquities found in the 

stream-works of, G25; gramracke 
of,96. 

Trenthrennan, height of, H. 
Trentishoe Barrow, height near, 3, 18. 
--, grauwacke of, 128, 130, 13l. 
Trenwith, '''heal, 30G, 323, 533, G98, 

622. 
Trerobben Hill, height of, 9, 15. 
Tresavara Mine, 622. 
Tresavean Mine, 19, 329, 373, 374, 

5G4, 598, 605, G06, 622. 
Tresco\\', direction of the cross-courses 

n~'1,r, 307. 
Tresillon, height of beacon above, 18. 
Treskirby Mine, 19, 559. 
Tresparrett Do\yn, height of, 6, 17. 
Tres,,-eeta, manganese at, 610. 
Trethellan Min(', 598, 622. 
Tretoil Mine, 543. 
Trevac1dra, grauwacke of, 93. 
TreYalga,n, ~chorl-rock and vein..; of, 

160, 16l. 
Trevalm, grauwacke of, 92. 
Trevanmwce, \\'heal, 622. 
Tre\-arth COlllmon, height of, 19. 
Treyarthen Downs Mine, 62~. 
Trevascoe, height near, 16. 
Trevaskus Mille, 598, 622. 
Trevathan, antimony at, 616. 
Trevean Cove, direction of the lotles 

at, 307. 
Trevelga, gn1,uwacke O! 56; passage 

of trappean rocks mto slates of, 
57. 

-- Barrow, height of 16. 
Tre\-ellas Cov(', e~h-an of; 17i, 178. 
Trevelyan, [Sir] 'I'. C., on raised 

beaches of Guernsey and Jeney, 
433. 

Trevemper, grauwacke of, 87. 
Treyenan Mine, 62'2. 
Trevenn, calcareous schi~toEe trap of, 

59. 
Trevethick's boilers, 63G-638. 
Treyose Head, blown sand near, 26; 

denudation of the cliffs near, 439 ; 
grauwacke of, 89; height of, 14. 

Trewarles, elyan of, 495. 
Trewarlet, grallwacke and culm 

measure, at, 59, 107. 
Trewartha Tor, height of, G, 18. 
Trewarvas Head, direction of the lodes 

near, 307: granite of, 162; raised 
beach at, .. 28. 

-- Mine, 5J3, 598, 622. 
Trewen, greenstone and ash of, 59, 119. 
Trewince, height of, 16. 
Trewithan, Down, grauwacke of, 100. 
Treworman, grauwacke of, 89. 
Treworten, blown sand near, 25. 
Trewothack, grauwacke of, 95. 
Trezebal, grauwacke of, 95. 
Trias (see also New Red Serie~), 193-

22l. 
Tribu tel's, 567-569, 603. 
TriVOli ia, 238, 243, 249. 
Trilohites, 60, 79, 130. 
Trink Hill, height of, 15. 
Trist, Rev, S., on the Yeryan lime-

stones, 83. 
Triumph, 'Wheal, 622. 
11'oc1ws imbrlcatlls, 224, 227. 
-- Rhodalli, 238. 
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Trugo, 'Vheal, cobalt at, 614. 
Tmmpet, 'Wheal, G22. 
Truro, copper sales at, 541-543; gran

w",cke of, 93; stann",ry court at, 
618; trappe",u dykes near, 311. 

Trusham, soils of, 470; trap of, 123. 
TufT', see Trappean Ash. 
Tungsten, 347, 58J, 585. 
Turbot Point, quartz-rock of, 83. 
Turbo TialYl, GJ, 76. 
Turnavoore ]\fine, 622. 
Turner, Dr. E., analysis of lithia mica, 

189; on phosphate of lime in 
fossils, 263. 

Tun-ildes, 238,247, 
TU1'l'itdla, 76, 246. 
Tutworkmen, 569, 605. 
Tywardreth, grauwaeke of, 80, 82. 

U gborough, limestone of, 6li. 
-- Be",con, schorl-rock at, 158. 
Ugbrooke Park, carbonaceous rocks of, 

1l0-1l2, 144, 145; limestone of, 
73, H. 

Umber at Combe Martin, 616. 
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Unconfonm,bility between the grau
w"eke and carhonaceous series, 61, 
107, 111. 

Union, \Vheal, 3,');"5, 39f1. 
United Hills Mines, 598, (J~~. 
-- Mines, 19, 323, 531, ;)53, 333, 383, 

598, 600 60~, (JUi, 6~I, 6n, 61~. 
Unity, ·Wheal, 359, 611, 61;;, 
-- '" ood, "'heal, 331, 3.)~, 335, 38:\ 

598, ()22, 
U mmtering mineq, 631 6·12. 
Uny, \Vheal, 6~~. 
Upham, contortions nC,tl', 71. 
Uphill, fault at, 289; soils of, 468, 

472. 
Upperton, trappean ash at, 121. 
Upton Pync, lllanganese at, 609, 
-- Towans, 811ml dunes at, 426. 

Vale of Taunion, soils of the, 468, 
469. 

Valley of nock~, grauwacke of, 47, 
48. 

VanCOlH'er, C., on anLhracite near 
Chittlehampton, 314; on stream· 
works, 6-17. 

Variegated marls (Hh,etic), }()9, 209, 
223. 

Varley Hen,d, height of, 17. 
Vegetation, comervative l'~wer of, 

457. 
Veins, distrilmLion of the contents of, 

318-320; infiltration of, 3;;0-336, 
368-372, 375--394; irregularity in 
the walls of, 317, 318; mechanical 
contents of, 322-325; temperature 
of, 373, 374. 

Vention, grauwacke near, 49. 
Venus, 239, 244, 
Vermctlls, 239, 246. 
Veryan, grauwacke and dialhLge rock 

of, 83-83, 96. 
Victoria Spa, Plymouth, 517, 518, 
Vincent, Mr., copper smelting in 

Cornwall by, 541. 
Virgin, Huel, 19, 353, 539, 552, 553, 

555, 598, 622. 
Virtuous Lady Mine, 391. 
Vivian, J. H., on copper smelting, 

596; on ore-dressing in Germany, 
581. 

Volcanic ashes, sce Tmppean. 
Voltz, M., Oll gmuwacke, 134. 
Vor, "Theal, 307, 310, 328, 548, 552, 

553, 555, 562, 578, 584, 598, 622, 
641. 

Vorlas, chalk-flints at, 646. 
Vugs, :319, 324, 392. 
VyTy:cn, "Theal, 307, 598, 622. 

\\' addon Btu ton, grauwacke of, 74. 
110 ; gravel of, 410, 411. 

\Yalle Bridge, grauwacke of, 88; slate 
'juarl'ies near, 503. 

\\' ales, copper min es of, G99 ; smel ting 
in, 541), 396. 

\Yalkel' "ad Denham, Messrs., on LiLlal 
phenomena, 10-13. 

\\'ambrook, fanlt at, 290, 311. 
\Varhstowe, height near, 18. 
\\'m-rillgtoll, R., ana.lysis of bismnLh, 

ore, 6Hi. 
\Vash, slaLe quarries of, G03. 
\Yashfield, igneons rocks of, 199. 
-- fault near, 294. 
\Vatch Hill, height of, 7, 16. 
\\'atchet, ammonites from, 232; faults 

at, 291, 292; jointing in the lias 
of "74' loss of land neal' 441 . new 
re~t sa'lHlstone and gypsurd of, 
196, 504; soils of, 468. ,y [tter in mines, ancient modes of 
draining-, 529, G3i5, 536; modern 
1ll0,Ies of draining', 634-642. 

--- gases amI ~alts dis sol ved in, 389. 
\ratergate Bay, elvan of, 179, 311, 

430,451 ; grauwaeke of, 86. 
Water-sheLl of the district, 19-22. 
'Yatersmeet, red bells in grauwacke 

near, 47. 
\\' atton Court, trap of, 72. 
\Vatt's engines, 548, 54!), 634-642. 
\Va,-elliLe schists, 130, 131. 
\V aves, depth to which they are felt, 

460. 
\Vealden beds. 249, 230. "r eathering of rocks, 449-456,485-487. 
\Veaver, T., on the gmuwacke and 

culm measures, 131. 
Well on Little HaMon, 247. 
\Yellington monument, stone of the, 

488. 
\VenLlron, direetion of the lodes near, 

307 ; height of, 15. 
\Yen1er, Prof. A. G., on the formation 

of fiint", 264; on veins, 353-355, 
:370, 371. 

\Vescot, height of clift' near, 17. 
"'est Cliff Down Mine, 621. 
-- Clist, trap in the new red of, 202. 
- - Dolcoath Mine, 621. 
-- Monkton, fault at, 292. 
-- Poldice Mine, 58:3, 622. 
-- Quantock's Head, grauwacke of, 

53,54. 
-_ Sherford, limestone and slates of 

65. 
---- Tincroft Consols, 622. 
-- Tresavean Mine, 583. 
-- \Vheal Jewel, 583, 598, 622. 



IXDEX 

\Yest "'heal Tamar, 6:2'2. 
\Yestleigh, nearTiverton, carbonaceous 

limestone of, 105, 117. 
-- Ilear B'lrnstaple, raised heach 

nea,l', 4-23. 
\Yeston-snper-~'I<trc, nlagne~ian lin1e

~tone of, 194; soib of, 4li~, 472; 
tide~ of, 436. 

\Yeston ZoylalHl, aneient heach of, 
421. 

\Yhale" hones of, in stream-\\-orks, 
40:2,407. 

\Yheal, sec names of mines. 
\Yherry Mine, 64,). 
"-hetstones, 516, 517. 
\"hewell's tide chart, 10. 
\Vhidhey, :\f1'., on the Oreston fissure" 

413. 
\Yhiddon Down, limestone of, 118. 
White Cliff, Beer, 239, 240. 
-- Lias, 223. 
-- Ht,mton, chalk of, :2:{7. 
-- ~trealllS, 2.58. 
--- Tor, greenstone of, 121, 12:2. 
-- Town, limestone at, 10.)_ 
\Yhitesand Bay, fossils at, 78; "wLls 

of, 25, H4. 
\Yhitemty, china-clay ltt, 511. 
Whitley Hill, height of, 18. 
\Yicca C'lve, granite veins of, 168, 

plate Y. ; "chorl in granite at, 16l. 
\Yiek, greenstone at, 1:21. 
\Yicksteed, Mr., on pumping engine~, 

5iiO,562. 
\Videy, trap allll gran wacke of, 64. 
'Yidworthy, chalk of, :237 ; f,wlt at., 

291. 
\yillersley, greenotone of, 12l. 
\Villiams, E., on nmnganese ore, 610. 
-- Rev. D., on the granwacke of N. 

Devon, 50, 130; on raised beach 
l\,t Baggy Point, 424. 

Paul, on Penryn granite, 493. 
\Villiton, new red sandstone of, 195, 196. 
\Yills Keel. Hill, height of, 2, 14. 
\Yilsey Down, grauwacke anLl culm 

lIIe,,~ures at, 106. 
Wind, sett-lmel altered hy, 12, 13. 

\Yindmill Hill, gran wacke of, 7:2. 
\Yinfork, grauw<wke of, 61. 
\Vitliycombe, graum1Cke of, 55. 
\Viveliscomhe, dolomitic conglomer-

ate of, 197, HJ8; fault at, :29:2; 
granwltcke of, ,)2, 5:3, 1:30; soil of, 
471. 

\Yo]fram in tin-ore" :{47, .)114, ;;1'1,). 
"~omen employed in mines, .)70. 
\Yoodnlmy. gmnw<lcke De,,1', 47, 48. 
\Yood, ,late qmtrrie~ ,11, ,)03. 
\Yood-tin, 400, 
\Y oolacombe, flag' and ,anll,tone~ of, 

130, 131 ; gmuwaekl of, 49. 
--Ramb, red san(iRtone of, ,)3. 
\VoolsLon C~reen, limestone of, 66. 
\IT organ, G. D., on hlown sand, 478, 

479; on potatoes from Cornwall, 
476 ; 011 soils, 471 ; on wheat frolll 
Cornwall, 476; on the tamarisk, 
467. 

\1' orle, Hoil:-; of, 468. 
--Hill, height of, 18; Hew red Rand-

stone of, 194, 195. 
--1m-cIs, soil of Lhe, 478. 
'VoLton Courtney, h,e-lll:ttite of, 617. 
\Vringworthy, cahtll1ite from, lOi';' 

YalLerLoll, gl'anwaekc of, 7:2. 
Vart, course of the, 23. 
--Yalley, fanltin the, 290; red sand

stone of, 209; soils of the, 469. 
Ye,tlm, course of the, :23; detritus 

transported by the, 458. 
--Bridge ca\'e, 412, 414, 415. 
--·~Iouth, grauwacke ()f, 78. 
Yeallllpton, limestone of, 6,), 66, 491 ; 

trap of, 68. 
Veo, con1'se of the, 23. 
Yes Tor, height of, 4, 14. 

Zealla, grau wacke of, 9:2. 
Zennor, green~tone near, 502. 
Zinc ore (hlende or black jack), 287 

327, 616, 617 ; (cabmine), 283, 285 
-:287, 319, 320, 616. 

ZostCI'a oceanica, 419. 
Zoze Point, gUlnwacko of, 86. 





MEMOIRS OF THE GEOLOGICAL SUP',YEY. 

SCOTLAND. 

THE GEOLOGY 
OF 

NORTH ARRAN, SOUTH BUTE, 
AN'D THE 

CUMBRAES, 
WITH PARTS m' 

AYRSHIRE AND KINTYRE. 
(SHEET 21, SCOTLAND.) 

THE DESCRIPTION OF NORTH ARRAN, SOUTH BUTE, AND 'fHE 
CUMBRAES BY W. GU~N, F.G.S.; PART OF AYRSHIRE BY SIR 
A. GEIKIE, D.C.L.,F.R.S.; PART OF KINTYRE BY R N. PEACH,F.R.S.; 
WITH CHAPTER ON THE PETROGRAPHY OF THE TERTIARY 
lGNEOUS ROCKS OF ARRAN, SOUTH BUTE, AND THE CUMBRA E 
ISLANDS BY A. HARKER, M.A., F.R.S. 

~UBLISHED BY ORDER OF THE LORDS COMMISSIOKERS OF HIS MAJE~TY'S TREASURY. 

GLASGOW: 
PRINTED FOR HIS MAJESTY'S STATIONERY OFFICE 

By JAMES HEDDERWIOK & SON~, 
AT "THE CITIZEN PRESS," ST. VINCENT PLACE. 

And to be purchased fl'om 
JOHN MENZIES & Co .• ROSE STREET, EDIKBURGH; 

E. STANFORD, 12. 13, and 14 LONG ACRE, LONDON; 
HODGES, FIGGIS & Co., LTD., GRAFTON STREET, DUBLIN; 

From any Agent for the sale of Ordnance Survey Maps; or through any 
Bookseller from the Ordnance Survey Office, Southampton. 

1903. 
Price FOtlT Shillings. 



LI5TOf' PUBLICATIONS OF THE GEOLOGICAL 
'SURVEY OF SCOTLAND. 

I.-Maps on One-inch Scale. 
J. \Vigtownshire, South· Western Districts. ·k 
2. Wigtownshire, South.Eastern Districts. ~. 

:~. Wigtownshire, Western Districts. 68. 
4. \Vigtownshire, East Part; Kirkcudbright, portion of S. \V. Division, til . 
.•. Kirkcudbrightshire, Southern Districts. 68. 
G. Kirkcudbrightshire, E. margin; Dumfriesshire, S. margin. ~. 
7. Ayrshire, South· Western Districts. 68. 
8. Kirkcudbrightshirc, Ayrshire, and Wigtownshire. 68. 
n. Kirkcudbrightshire, N.E.; Dumfriesshire, S. W. &. 

10. Dumfriesshire. 68. 
ll. Roxburghshire and Dumfriesshi~e. 4s. 

12. Argyllshire (Kintyre, S. half of)'1 48. 
13. Ayrshire, Turnberry Point, and S. part of Arran. 4~. 

l4. Ayrshire, Central Districts. 68. 
15. Dumfriesshire, N. \V. ; Ayrshire, S.E. ; and Lanarkshire, S. 68. 
16. Dumfries, Selkirk, Peebles, La-nark, and Roxburgh shires (parts of). Ill. 
17. Roxburghshire, SelkiTkshire, and Dumfriesshire (parts of). 68. 
IS. Roxburghshire, E. ~art. 4s. 
19. Argyllshire (S. part of Islay). 4s. 
20. Argyllshire (Kintyre, Gigha 1., part of Islay). ~. 

21. Argyllshire; Arran, Central and N. part; Bute, S. part; Cumbrael; 
Ayrshire (part of N.W.). 48. 

22. Ayrshire, Renfrewshire, Lanarkshire (parts of). 63. 
23. Lanarkshire, Central Districts; Ayrshire (part of W.). 68. 
24. Peeblesshire, Lanarkshire, Edinburghshire, Selkirkshire (parts of). 6.0. 
25. Berwickshire; parts of Roxburgh, Selkirk, and Edinburgh. 68. 
26. Berwickshire and Roxburghshire (parts of). 48. 
27. Argyllshire; parts of Islay and Jura, Oronsay. 4s. 
29. Argyllshire, Ayrshire, Buteshire, Dambartonshire, and Renfrewshire (parts 

of). 68. 
30. Renfrewshire; parts of Dumbarton, Stirling, La-nark, and Ayr. 68. 
31. Lanarkshire, Stirlingshire, Linlithgowshire, Dumbartonshire, Edinburgh. 

shire (parts of). 68. 
:32. Edinburghshire, Linlithgowshire, Fifeshire, Peeblesshire (parts of). 68. 
:~3. Haddingtonshire and parts of Edinburghshire and Berwickshire. &. 
M. Eastern Berwickshire. 48. 
:{S. Perthshire, Stirlingshire, Dumbartonshire, Argyllshire (parts of). 68. 
39. Perthshire, Clackmannanshire, Stirlingshire, and Fife (parts of). 6.0. 
40. Fife and Kinross. 68. 
41. Fife, East part. 68. 
46. Perthshire, Argyllshire (parts of). 68. 
47. Perthshire. 68. 
4S. Perthshire, Forfarshire, and Fifeshire (parts of). 6, 
49. Forfarshire and Fifeshire (parts of). 4s 
55. Perthshire. 68. 





Plate 1. 

View from top of Goatfell lool(ing North. The so-called North top of Goatfell forms the prominent 
peak to the right, and to the left of this, in the distance, appears the deep rift of Ceum na Caillich. 

A basic dyke crosses the near ridge on the left. 
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PREFACE. 

THIS memoir describes the geology of the area included in Sheet 21 
of the one-inch map of Scotland, which embraces the north part of 
Arran, South Bute, and the Cumbraes, with parts of Ayrshire and 
Kintyre. The ground in Ayrshire was surveyed by Sir A. Geikie, 
who also mapped a narrow belt along the east coast of Arran in 
1872. Bute and the Cumbraes were surveyed by Mr. Gunn, and the 
small area in Kintyre by Mr. Symes. The survey of the southern 
part of Arran was commenced in 1892 by Mr. Gunn, who gradually 
traced his lines northwards till he completed the mapping of the 
whole island; the field-work being carried on under the supervision 
of Mr. B. N. Peach, F.R.S. 

The geological description of North Arran, South Bute, and the 
Cumbraes has been written by Mr. Gunn, that of the Ayrshire 
coast by Sir A. Geikie, and that of Kintyre by Mr. Peach. Chapter 
XL, on the petrography of the 'rertiary Igneous Rocks of Arran, 
South Bute, and the Cumbraes, has been supplied by Mr. Harker, 
F.R.S. In Part II. of the Appendix, the notes on the petrograph3T 
of the Old Red Sandstone Igneous Rocks have been contributed 
by Mr. Kynaston, and those on the Carboniferous Igneous Rocks 
by Mr. Seymour. While the field-work was in progress, petro
graphical notes on various rocks from tllis sheet were also supplied 
by Mr. Teall, F.R.S., Dr. Hatch, Professor Watts, Professor Grenville 
Cole, and Dr. Flett. 

The lists of Carboniferous fossils have been preparerl by Mr. 
Peach, Dr. Crampton, and :Mr. Tait, and thE' notes on the Mesozoic 
fossils found in the island of Arran have been i:1Upplied b,v Mr. E, 

T. Newton, F.R.S. Special thanks are due to Dr. Traqllair. F.ltS., 
Mr. Kidston, F.R.S., and Dr. Wheelton Hind for thel{, valuahle 
assistance in the determination of the fishes, the plants, and the 
lamellibranchs respectively. 

Part III. of the Appendix, which gives a list of publications 
relating to the geology of the areas included in this sheet, has been 
prepared by Mr. Gunn with the assistance of Mr. Harker and Mr. 
Tait. 

The photographs reproduced in Plates 1. to X. Wflr", taken by 
Mr. Robert Lunn of the Geological Survey. 



IV PREFACE. 

The principal additions to our knowledge of the geology of Arran, 
made during the progress of the Geological Survey, may here be 
briefly summarised :-

1. The discovery of the former extension of Cretaceous, Liassic, 
and Rhffitic deposits in the island from the presence of fragments 
enclosed in a volcanic yent. 

2. The determination of the Triassic age of the sandstones, con
glomerates, and marls of the southern part of Arran, and their 
unconformability to the Carboniferous Rocks. 

3. The discovery of strata of Coal-measure age, though of limited 
development, in the island. 

4. The identification of black schists, cherts, and grits probably 
of Arenig age in North Sannox. 

5. The discovery of no less than six different sets of volcanic 
rocks, in addition to that formerly Immyn in the Lmyer Carboniferous 
strata. Of these, one is probably of Arenig age; hyo belong to 
the Old Red Sandstone period; b.-o are of Carboniferous age, and 
the last, forming a huge volcanic vent, is probably Tertiary. 

GEOLOGICAL SURVEY OFFICE, 

28 JERMYN STREET, 

LONDON, 28th March 1903. 

J. J. H. TEALL, 
Director. 
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THE GEOLOGY OF NORTH ARRAN. 

CHAPTER 1. 

INTRODUCTION. 

CONSIDERABLY more than one half (about five eighths) ofthe area of 
this sheet is occupied by sea-the Firth of Clyde and its branches
and the land amounts to only about 161 square miles. The 
land area belongs to three different counties, and consists of no less 
than nine separate portions-seven of them being islands or parts 
of islands, and the other two belong to the mainland of Scotland. 

In the north-west corner of the map is a small portion (about 13 
square miles) of the peninsula of Kintyre in the neighbourhood of 
Skipness, Argyllshire. On the eastern border is a somewhat larger 
area, about 16 square miles, which is part of the county of Ayr. 
It embraces a strip of coast land stretching from Largs to near 
Ardrossan, together with the Horse Island opposite to its southern 
end. The six remaining portions belong to the county of Bute. 
Near the northern edge of the map occur four of these-the southern 
parts of the islands of Eute and Inchmarnock, the whole of the Little 
Cumbrae, and nearly all of the Great Cumbrae. The largest land 
mass is the northern portion of Arran, nearly three quarters of the 
wholA area; and the northern end of Holy Island, which closes in 
Lamlash Bay, completes the list. 

The extent of coast line in the sheet is about 91 miles. 
Millport in the Great Cumbrae is the most important town, but a 

portion of Largs comes into the sheet on the Ayrshire side at the 
north-east corner. Lamlash, Brodick, Corrie, and Lochranza are 
important villages in the Isle of Arran, and so are Kilchattan 
in Bute, and West Kilbride in Ayrshire. Inchmarnock, Little 
Cumbrae, and Holy Island are but sparsely populateo, while the 
Horse Island is an uninhabited rock. 

PHYSICAL FEATUREs.-Naturally, from the small sizE' of the 
separate portions of land, tlwre can be no large streams, but some 
of the ground rises to a great height, especially in the Isle of 
Arran. 

The Kintyre portion is an undulating table-lanel rising rapielly 
from the sea level to a height of 500 or 600 feet, anel the highest 
point is Cruach an t-Samhlaidh, which reaches to 849 feet above the 
se~. This arE'a is drained by the Claonaig Water and the Skipness 
Water. 



2 The Geology of No?,th Arran. 

Inchmarnock is a low, rocky island ofless than 200 feet in eleva
tion. 

The western side ofBute is of much the same physical character 
as Inchmarnock, but rises to 279 feet above the sea. The ground 
south of Loch Quien is below the 50-feAt contour, and is part of a 
10\y, narrow valley which runs northward to Rothesay. East of 
Loch Quien the ground rises into a comparatively featureless area, 
the highest part Of ,yhich, near Birgidale Butts, is 400 feet above 
the sea. To the south of this, and stretching across the island 
bebyeen Kilchattan Bay and Stravanan Bay, is a low, flattish, sandy 
tract which rises to a little above the 50 feet contour. In great 
contrast to this rises the ridged and rocky part which composes 
South Bute, between Kilchattan and the Garroch Head. Its 
highest points are Suidhe Chatain 517, south of the village, and 
Torr Mor 485, near Glencallum. 

The Great Cumbrae is generally in character like that portion of 
Bute to the north of Kilchattan, and rises to about the same height 
aboye the sea-417 feet. Some intrusive igneous masses, howeyer, 
diYersify its surface considerably. 

The Little Cumbrae, on the other hand, rising to 409 feet above 
the sea, is rocky, like the southern end of Bute, only that instead 
of marked ridges there is a series of gently sloping terraces. 

On the Ayrshire side is the rocky promontory of Portincross 
rising to 456 feet above the sea, which is connected with the main 
mass of land to the east,vard by ground less than 100 feet in eleva
tion. To the east of the raihvay the land rises rapidly, as it does 
along the coast generally, much of the border of the sheet being 
over 800 feet, and in one place it exceeds 1000 feet. 

The fine peaks of the northern granite mountains, with their 
deep-cut glens, are the dominant features in the scenery of Arran. 
These are contained within a nearly circular area about eight miles 
by seven across. All the principal streams take their rise in this 
mass, or from a smaller oval area near the centre of the southern 
edge of the sheet, which is belted by a granitic ring, and in w~ich 
are the hills of Ard Bheinn 1676, A' Chruach 1679, and Bemn 
Bhreac 1649. The streams that flow eastward from this smaller 
mass of high ground are Benlister Burn and Glenclo), Burn, while 
those which flow to the west are tributaries of the Machrie Water 
and the Black Water. 

The larger granitic area is nearly divided into two equal parts by 
the glens of Iorsa 'Vater and Easan Biorach, which coalesce at the 
watershed of Loch na Davie. The Iorsa stream, which is about 
eight miles long, is the largest in the islaud. Some of its branches 
drain the western part of the high groun:1, which is not so high 
and rugged as the eastern half, nearly all the highest hills being 
round or flat topped. Beinn Bharrain 2345, and Beinn Bhreac 
2333-the highest points of a continuous ridge; Meall nan Damh 
1870, and Meall Mor 1602, isolated conical hills; and another Beinn 
Bhreac 1881, west of Loch na Davie, are the most important summits 
in this part, which is partly drained by AlIt Gobhlach and the 
stream "'hich flO\vs north down Glen Catacol. 



I1~trod?(ction . 3 

From the masses of Oaisteal Abhail 2817,* and Oir Mhor 2618, 
diverge ridges that embrace the glens of Sannox and NOl'th 
Sannox, which drain eastwards, and that of Rosie, which drains 
southward into Brodick Bay. One ridge with a gradual descent 
runs northwards from Oaisteal Abhail to Oreag Dubh, and bounds 
the valley of North Sannox on the west. Another, and very 
rugged, rIdge runs eastward to the rift of Oeum na Oaillich, and 
then in a smooth outline continues in a north-east direction past 
Suidhe Fhearghas, 2156. This ridge separates the two Sannox 
glens. A high col, the lowest part of which is 2046, joins Oaisteal 
Abhail to Oil' MhoI'. In a south-south-west direction from this 
peaky mountain we have successively A' Ohir (the most difficult 
to traverse in the whole island), Beinn Tarsuinn 2706, and Beinn 
Nuis 2597. The height of A'Ohir is not given, but is probably about 
2335, and the pass to the south of it is over 2000 feet, while the 
pass on the north side is 1933. The highest point of Beinn a' 
Ohliabhain, which is on the west side of Glen Rosie, is 2217 feet in 
height. Oil' MhOI' is connected with the Goatfell range by the 
low col of the saddle 1414, which has a precipitous and difficult 
descent on the Sannox side. Goatfell, 2866, the highest summit in 
the island, is on a continuous range of high ground, over 2000 feet in 
elevation, which runs in a curved line from Oioch na h-Oighe, 2168, 
round the head of the White Water, past Goatfell, some half a mile 
down its southern spur. For three quarters of this distance the ridge 
is nearly everywhere over 2500, and only falls slightly below that 
height at one or two points. From its highest point north of Goat
fell, 2716, a ridge which bounds the White Water on the north runs 
eastward to Am Binnein, 2172. 

Holy Island, which is on the eastern side of Lamlash, is steep 
and rugged, and rises to above 1000 feet, but its highest point is 
outside the limit of this sheet. 

Several freshwater lochs diversify the surface of Arran, and one, 
Loch Quien, comes into the portion of Bute with which we have to 
deal. Nearly all the lochs in Arran are in the western part of the 
island. The largest is Loch Tanna, which is a mile in length, but 
not particularly interesting, being immediately surrounded by low
lying, peat· covered ground. It is probably shallow, and drift
dammed. The Dubh Loch to the west of it is partly surrounded 
by rock, and may be a rock basin. Loch N uis and Loch Iorsa are 
shallow lochs, probably in drift, as is also Loch na Davie. Two 
small lochs occur to the south-west of Sail Ohalmadale, one of 
which is not on the ordnance maps. The finest of the lochs is 
Loch Ohorein Lochain at a height of 1080 feet above the sea, 
picturesquely surrounded by granite crags between Meall nan 
Damh and Mea11 Biorach. 

For sea lochs we have only Loch Ranza, and the bays of Brodick 
and Lamlash in Arran, for the coast is not much indented. 
Brodick Bay is the most interesting, for into it debouch the Onocan 
Burn; the Rosie Burn, into which Glen Shurig Burn drains; the 

* The highest point of Caisteal Abhail is not indicated on the one-inch map. It is 
about 200 yards east of the parish boundary where is the height, 2735. 



4 The Geology of North A7yan. 

Glencloy Burn, and the Allt Beidh. There are thus the openings 
of five separate glens diyerging from this short sea loch. In Bute 
the principal indentations of the coast are at Scalpsie Bay and 
Kilchattan Bay; and ~Iillport Bay is the only one of importance in 
the Great Cumbrae. 

In the f0llmying pages an outline only can be giYen of the 
complicated geology of the northern part of the Isle of Arran, 
which forms the bulk of the land in the sheet, fuller details being 
resen"ed for a complete memoir on the island. In this forth
coming yolume it is also proposed to gin an historical sketch of 
the geological disconries made iil the island by the principal 
obserYers, with full references to the books and papers in which 
they are contained. 

A separate short explanation of the rocks in the southern part 
of Arran to accompany Sheet 13 of the one-inch geological survey, 
,yill succeed the present publication. 

Attention is here called to the following points, embracing the 
principal additions to our Immyledge of the geology of Arran made 
during the progress of the surYey:-

The discovery of the former extension of Cretaceous, Liassic, and 
Rlm;tic formations in the island from the presence of fragments of 
these rocks enclosed in a Tertiary yolennic yent. 

The definite determination of the Triassic age of the sandstones, 
conglomerates, and marls of the southern part of 1\rran, and their 
llnconformability to the Carboniferous rocks. 

The restricti~n of the Carboniferous formation to an extrel~ely 
narrow compass in the island-a much broken and faulted strip 
,,"hich does not extend to the ,Yest con,st-and the discoYery in it 
of strata of Coal-measure age. 

The discoyery of beds of probable Arenig age in North Glen 
Sannox in the form of black schists, cherts, and grits, associated 
with old layas and yolcanic tuffs similar to those occuring near 
Ballantrae in Ayrshire. 

The discoYer}- of no less than six different sets of volcanic rocks 
in addition to that formerly known as occurring in the lower part 
ofthe Carboniferous formation. Ofthese newly discovered volcanic 
series one is probably of Arenig age, two belong to the Old 
Red Sandstone period, t"o are of Carboniferous age, and the 
newest, which is a huge ,olcanic wnt, is probably of Tertiary age. 

In addition to these, the age and character of the numerous 
intrusiye rocks both acid and basic haYe been more definitely fixed, 
and their distribution more accurately determined. Wnile the 
majority of the intrusiw rocks of the sheet are of Tertiary age, a 
considerable number belong to the Carboniferous period, and some 
to that of the Old Reel Sandstone, "'hile a few are as old as the 
Lo\\'er Silurian period, or eyen earlier in date than this. 

·When 'Ye take into consideration all these important additions 
to our knowledge of the island, we are more disposed to admit that 
the geology of Arran is, as it has often been said, an epitome of 
that (If Scotland. 



CHAPTER II. 

Table of Formations occlOTing in the Sheet and general Geoloyical 
Description. 

The following Table gives a complete list ofthe various formations 
and subdiyisions of formations tlmt are found within the area, 
together with the varieties of intrusive igneous rock met with. 
The stratified formations are arranged first, beginning with the 
most recent and proceeding to the oldest. Next follow the con
temporaneous volcanic rocks, and last of all the intrusive igneous 
rocks. 

In the descriptive parts a somewhat differE'nt~ al'l'angE'ment i" 
followed, for we begin with the oldest rocks-the metamorphic 
schists-nnct end with the nmyest or most l'ecent strata. In the 
description, also, of the different volcanic zones, it has been found 
more convenient to take them along with the aqueous rocks, with 
which they are associated, than to class them together as contem
poraneous igneous rocks. An endeayoUl' has also been made to 
describe together the intrusive igneous rocks that are known to 
belong to one and the same period . 

.AQCEOl't:i. 

r {
Blown sand. Sub-aerial , Alluvium of stream terraces and 

'"C C- I and Fresh 
§ .~ Water. old lakes. , . 
~ t ~ Peat.... 
§ ~ I E::;tuarillE' {:MUd and sand of present beach 
~ ~ and Raised beaches (23 feet) . 

;::... I Marine. ,,(intermediate) 
l. ,,(l00 fett) . 
(thnds, grayels, and stratified clays. Eskers and 

~ ~ I glacial shell-beds . 
. ::: .::: ~ Erratic blocks. 
:=: ~ I Boulder clay or Till. Drumlint'. 

l Ice markings on rocks. 
C t I Limestone with siliceous concretions. re aceous. l .. I . . occurnng 111 YO canlC yent . . 

L' { Dark shale with many fossils, occulTing 
las. in volcanic vent. . . L: 

{
Black shale with ironstone and lime-} 

Rhretic. stone, occurring in volcanic vent . 
_ Pale-coloured mudstones, do. 

h 

g 

fg 
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(Red marls and shales with white and l 
I yellowish sandstones. I 

Trias. ~ Thick red, yellow, and whitish sandstones ~ 
I with masses of conglomerate . I 
L l1'alse-bedded red sandstones. J 

f 

~ (Coal-measures with contemporaneous lava. . 
2: I Carboniferous {Upper Limestone group. } 

:-§ ~ Limestone Edge-coal group. 
S I Series. Lower Limestone group. 

"£ I Calciferous Sandstones with intercalated volcanic 
000 L senes 

{

- Upper RedSandstones'and conglomerates 
Old Red with volcanic series . . . 

Sandstone. Lower Red Sandstones, mudstones, and 
conglomerates with volcanic series 

Lower { Cherts, grits, and dark schists associated 
Silurian. with a volcanic series (Arenig ?) . b 

Y 
,{. 

{

Mica schist. . . . 
Meta- Limestone. . . . 

morphic. Slate. . . . . 
Gritty schists or schistose grits 

IGNEOUS. 

I 
i 

A.-Interstratified or Oontempomneons with tke Formations 
among which they lie. 

(Basalt (in Coal-measures, Car
boniferous Limestone and 

In Carboni- Calciferous Sandstone) as in
tercalated sheets of lava 

ferous < I Andesite in Calciferous Sandstone 
System. h 

I Trac yte " " 
Volcanic tuffs" " 

L Agglomerate in necks 
In Old Red { Basalt ~n upper Old Red Rocks 
Sandstone Basalt In lower" " " 

(Epidiorite or Greenstone lava of 
In Lower J Arenig (?) age - slightly 
Silurian. i schistose 

L Tuff and agglomerate of do. 

Bd 5, Bd 2, & Bd t 
Po d t 

Tr d t 

Ts d t 

Nd t 

Bc 
Bc l 

Bb? 
Tsb? 

A I.-Fragmental Volcanic Rocks subsequent in date to the strata 
among which they lie. 

T t" {Agglomerate and conglomerate in large Ni 
er mry. vent probably of Tertiary age. 
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B.-Intrusive or subsequent in date to the rocks among 
which they lie. 

(Gabbro 
~ Basalt and dolerite in dykes, sills, and bosses 

<t:I Andesite 
t> Diorite and . 

• ;S Hyperite 
13 I Syenite. 

U 
B 
Po 
D 

S 

7 

8 ~ Felsite, Rhyolite, and}. dId '11 
<c; I Quartz-Porphyry m y res an SI s F&F" 

~ lPitChstone . . ..g Quartz-diorite. . 
..g Granophyre . . 
~ Granite-fine-grained 

Granite-coarse-grained . . . 
Late Car- {Basalt and}. d k d'll 
boniferous. Dolerite m y es an SI S 

Of Early {OliVin~ b~salt in dykes and sills 
C b · AndesIte m dykes . . 

ar onl- Ph' B .. d k 
f A orp ynte or ostomte III y es 
erous ge. T h t . d k . rac y e m y es . . 
Probahly {Malacolite or Salite-Dolerite in dykes 

Old Red Age. and sills 
Lower Silurian ?-Epidiorite and Hornblende Schist 

Of Uncer- {Serpentine . 
tain Age. Hornblende Schist 

General Geological Description. 

F' 
G" 
G" 
G 
G 

B 

B 
Po 
F 
Tr 

Metamorphic rocks, as mica schists, etc., occupy the whole of the 
Kintyre area, the island of Inchmarnock, and the western part of 
Bute. In these areas the strike of the rocks is generally north
east and south-west, with a steep dip to the south-east, and 
prominent features or ridges often run in the same direction as the 
strike of the beds. These rocks, which are the oldest in the sheet, 
also form an incomplete ring round the granite in the northern 
parts of Arran where they occupy high ground generally, for though 
the formation is found on the sea coast from Dougrie to Newton 
the land rises rapidly from the sea level. These rocks often occupy 
a kind of plateau rising to over 1000 feet in the district reaching 
from Glenshant Hill to Whitefarland. In the north-east of Arran 
the formation attains a height of 1453 feet above the sea. Crags 
and minor features are common in the formation, both on the sea 
coast and inland, some of which are in a great measure due to 
joints or faults. 

Separated from the metamorphic rocks by a fault, the 
Lower Old Red Sandstone forms in the main a curved, highly 
dipping strip, stretching from Corloch on the east side of 
Arran to Dougrie on the west coast. The conglomerates of this 
division form prominent hills in North and South Glen Sannox, but 
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the highest point of this band is An Tunna, 1184 feet, north of the 
String Road. There is also a deta~hed portion of this Bub-formation 
to the east and south of the smaller granite area at the heads of 
Glen Dubh, Benlister Glen, and Clachan Glen. It rises to 1346 
feet in Cnoc na Croise. 

The main portion ofthe Great Cumbrae and a large portion ofBute 
consist of Upper Old Red Sandstone rocks, which are comparatively 
featureless except neal' the coast. This formation also occupies a 
portion of the Ayrshire coast. 

In Arran these rocks occupy the shore between the Fallen Rocks 
(neal' Corloch) and Corrie, and they form a narrow band to the east 
and south of the Lm,er Old Red Sandstone and apparently confor
mable to that di\'ision. On the north side of North Glen Sannox 
the conglomerates of this division form a marked set offeatures with 
a northerly dip, and here they are unconformable to the lower 
division. 

Carboniferous rocks (aqueous) form small portions of sonth 
Bute, Great and Little Cumbrae, and Ayrshire. They are also 
found in sewral places in north Arran, the principal area being 
between the Cock and the Fallen Rocks, where they occupy a 
narrow band dipping steeply northward and bounded on the west 
by a fault. On the south side of a great anticlinal we find these 
rocks with a southerly dip for a distance of half a mile along the 
shore at Corrie, and they form a narrow, interrupted band, stretching 
thence south\vard and inland to near the head of Benlister Glen. 

The N e\y Red Sandstone occupies a small area in the north of 
Arran near the Cock, and the whole eastern shore southward from 
Corrie. Inland. we find it as far west as Glen Ormidale and Gleann 
Dubh, and high up Benlister Glen. There are fine crags formed of 
this rock in Gleann Dubh. This formation rises to near 1000 feet 
aboye the sea close to the Cock of Arran, in Maol Donn to over 1200, 
and on either side Gleann Dubh to 1250. On the western side of 
the island it spreads over the vale of Shiskine on either side of the 
mouth of the M:achrie Water. 

The Rhretic, Lias, and Cretaceous formations are fragments found 
in a volcanic vent of Tertiary age. 

Of the contemporaneous Igneous Rocks-the lavas and tuff's .of 
probable Arenig age are :only fOlm~ in North Glen Sannox III 

Arran, \,-here some bands form promment crags. . 
The lavas of Lower Old Red age are only found on the west SIde 

of Arran in a narrow inconspicuous band, and th?se of U pp~r Old 
Red age occupy a much faulted strip on the east SIde of the Island 
between the mouth of North Glen Sannox Burn and Corloch. 

The Lm,-er Carboniferous Volcanic Rocks occupy considerable 
areas in Ayrshire, Little Cumbrae, and South Bute. In the latter 
locality the lavas form a striking set of ridges, which dip steeply to 
the sO{lth-west . in the Little Cumbrae they are disposed in a shallow , . 
synclinal, and the beds form a series of gently .SIOplll~ terr~ces, 
which feature caused the island to be named III anClent tImes 
Cumbrae Deas. These rocks are found in several parts of Arran, 
where they form few conspicuous features. 
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Intrusive rocks of Carboniferous age are numerous in Great 
Cumbrae, diversifying its surface and giving rise to crags in the 
interior. An intrusive mass of this period forms the conspicuous 
hill of Suidhe Chatain in the southern part of Bute. 

Intrusive rocks of Tertiary age form all the marked features of the 
topography of Arran, and they comprise nearly one half the area 
of the island. The large granitic mass which has been already 
referred to as forming all the highest ground and the grandest 
scenery in the island belongs to this period, and in the southern 
part of the sheet nearly all the prominent hills are formed of 
intrusive rock, acid or basic, of Teltiary age; and Holy Island also. 
Ard Bheinn which oyerlooks the vale of Shiskine, is one of the 
most rugged hills of the island of Arran, and it consists of several 
varieties of intrusive igneous rock which hm'e penetrated a 
Tertiary volcanic neck. The agglomerate of this vent forms 
marked crags on the eastern side of the Glenloig valley, the lower 
part of Glen Craigag. 

The different forms of the hills in the northern part of Arran in 
the districts of the coarse and fine granites, has often been referred 
to, and generally ascribed to the different mode of weathering in 
the two rocks. But it is clear that in lllany cases the deep nicks 
crossing the ridges are due to more rapidly weathering basic and 
other dykes. Ceum na Caillich is a marked example, and A' Chir, 
the most serrated mountain in the island, is the one lllost traversed 
by dykes. Of course there are dykes in both granites, but the 
difference in weathering between dyke and granite, which gives 
origin to the nick, is greater in the case of the coarse than of the fiue 
granite. In addition to this, the coarse granite is penetrated in 
places by veins of finer granite, and there are lines of weakness 
which occasionally give rise to hollows. It seems also probable that 
the original upper surface of the coarse granite was in the form of 
a dome (covered by schists, etc.). If such were the case, the 
coarser granite, after removal of the sedimentary cover by 
denudation, must have been exposed a long time to denuding 
forces before the finer granite appeared at the surface, and thus, 
whatever tended to produce the peaks and nicks, "'ould have a 
longer time to operate in the case of the coarse than of the fine 
granite. It may be remarked, however, that SOllle of the Imver 
hills formed of coarse granite, like Meall nan Damh 1870, and 
:Me all Mor 1602, are not unlike in form to the hills formed of 
fine granite. 

Our admiration of this grand hill and valley system in 
Arran is by no means diminished on realising that it is all of 
recent geological date, and that none of it 'YaS in existence before 
the Tertiary Period. W. G. 

AYRSHIRE DISTRICT. 

The north-eastern part of Sheet 21 of the Geological :Map of 
Scotland, on the scale of one-inch to a mile, includes a part of the 
coast of Ayrshire which extends from the southern outskirts of the 



10 The Geol09Y of North Arran. 

village of Largs almost as far as the seaport of Ardrossan. This 
strip of country is about ten miles long, and at one point, where 
the land juts out into the Firth of Clyde, has an extreme breadth 
of nearly three miles. Stretching along the eastern margin of the 
broad firth, it includes a band of low ground next the shore, from 
which the land rises rapidly until it forms the great hilly plateau, 
which in the interior reaches a height of more than 1500 feet above 
the sea. 

'With this range of feature the tract of country unites consider
able ,'al'iety and interest of geologil~al structure. The Uppel' Old 
Red Sandstone is "'ell developed along the shore and on the lower 
slopes, and its component strata can be satisfactorily studied both 
on the beach and in the numerous ravines which have been eroded 
by the streams down the inland declivities. The passage of the 
red sandstone conformably upwards into the base of the Carboni
ferous system can be followod in these burn-sections, where the 
lowest sub-division of that system, known as the Calciferous Sand
stones, is likewise displayed in the characteristic development which 
it assumes in the West of Scotland. Immediately above these 
sandstones comes the thick volcanic series which forms so notable 
a feature in the scenery and geology of Central Scotland. Only the 
extreme western edge of the plateau formed by the lavas and tuffs 
comes into the ground here described, but it includes excellent and 
typical illustrations of the general character and arrangement of 
these rocks and of their influence in the landscapes of the country. 
Good natural sections may be found along the craggy slop'es of the 
hills, and also in the numerous gullies of the burns. The hillsides 
on the east of N oddisdale Glen, the gorge of the Gogo Glen above 
Largs, and Kelburn Glen near Fairlie, are particularly worthy of 
attention by those who wish to study the volcanic history of this 
district. 

But the interest of this history is not confined to the sheets of 
lava and tuff of which the inland plateau is built up. Owing to 
the vast denudation which has removed the westward extension of the 
volcanic sheets, pl'Obably once continuous across the Cumbrae islanrls 
and the south end of Bute to the north-east of Arran, the under
lying strata through wh~ch the erupte? materials made their way 
have been extemively laId bare, and WIth them have been revealed 
many of the subterranean connections ?f the volcanic sheets. Sills 
and dvkes traverse both the Carbomferous and Upper Old Red 
Sandstone strata, and may be exa~ined in great num~ers alo~g the 
shore and in the ravines. But stlll more remarkable IS the dIsplay 
of volcanic necks which mark the sites of some of the vents up 
which the eruptions took place. To the west of the edge of the 
plateau, between Largs and Ardrossan, at least a dozen of t~ese 
necks may be counted. They generally for~ rounded, green hIlls, 
which rise conspicuously above the surroundmg sandstone slopes. 

Besides these memorials of Carboniferous volcanic action, the 
district includes some examples of the great series of younger basalt
dykes which plays so important a part in the geology of the West 
of Scotland, and may be assigned to an older part of Tertiary time. 
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The glacial phenomena of the tract of country here described, 
though not striking, furnish evidence that the whole of the ground 
was ground down by ice which moved in a southerly direction from 
the Highlands. The proofs ofthis movement are found in ice-worn 
rock-surfaces and in the contents of the drift-deposits. 

Traces of raised beaches are found at various heights from the 
100-feet Terrace down to the latest at about 15 feet above the 
present level of the sea. Of recent deposits the most extensive are 
the marine alluvia, which are laid bare in wide sandy flats at low 
water. The streams which descend from the hills have slopes too 
rapid to permit any marked deposition of sediment. There is con
sequently little fluviatile alluvium. Peat covers the depressions on 
the surface of the plateau, and in at least one place, Carlung Moss, 
forms a peat-moss on the lower ground. Some trifling accumula
tions of blown sl'tnd only suffice to indicate that the conditions for 
this variety of geological process are not here favourable. A. G. 



CHAPTER III. 

JJleta?norphic Rodes. 

ALL the rocks to be desr;ribed in this chapter have undergone 
some amount of deformation. They have been folded and cleaved, 
and mica 01' chlorite has been developed along the cleavage planes 
to a greater or less extent. The original grains or pebbles in the 
rock, such as quartz and felspar, have also been more or less drawn 
out 01' elongated in certain directions along the planes of foliation, 
so as to produce a schistose structure. Sometimes these planes of 
schistosity coineide with the original bedding of the rock, but very 
often they do not, and over considerable areas the true bedding is 
obscured by the superinduced structures. 

These rocks are the oldest we have to deal ,yith, but their exact 
age is still undetermined. They make up the whole of the 
Kintyre area included in thitl sheet, the island of Inchmal'llock, and 
the part of Bute west of Loch Quien, and they form an incomplete 
ring round the central granite mass in the north of Arran, which 
varies much in width, but ,yhich at Dougrie and to the east of 
Lochranza is about two miles across. 

In texture these rocks vary from very coarse, gritty, and pebbly 
varieties to fine-grained slaty rocks 01' phyllites. They are in this 
district a con tin uation (of course with sea intervals) of the schists 
on the southern margin of the Highlands which have been described 
in the Memoir on the Co, val district of Argyllshire, and in the main 
they have the same north-east and south-west strike as in the Dunoon 
district, but with some variations due apparently to the intrusion 
of the granite mass in Arran. Quartz veins, often coinciding with 
the foliation planes, are characteristic generally of these schists, but 
the amount of these varies much in different places; sometimes 
they are abundant, while in many districts in Arran few are to be 
observed. This paucity of quartz veins 01' the reverse, has, however, 
no relation to proximity to the granite, as the older \vriters sup
posed, for they were developed in the rock long prior to the 
intrusion of the granite. There is also great variation in the 
amount of mica developed in the schists. The term mica-schists, 
under which they have been referred to, is scarcely applicable to 
them as a whole, seeing that mica is sparingly developed in them 
except in the finer-grained varieties that appear along the coasts 
about Imachar, Pirnmill, and Thundergay, and the more gritty 
varieties in the neighbourhood of Lochranza. Along this north
western part of Arran, however, the rocks have been more than 
usually plicated, and contain numerous quartz veins. Along the 
eastern and south-eastern sides of the granite mass the schists con-
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tain little mica, and are little more than schistose grits. Generally 
the rock is a moderately fine-grained schistose sandstone, including 
occasional bands of a fine blue slate, and also rocks of a decidedly 
gritty character, schistose greywacke, and conglomerate with 
deformed pebbles. 

No order of succession has been made out over a large part of 
the area. In Arran the rocks are much folded on the south-side of 
the Iorsa valley and along the west coast. To the north-east of the 
granite mass there is a fairly uniform dip to the south-east and 
east, and there appears to be a regular upward succession from the 
ordinary gritty schists east of Lochranza through a thick series of 
slates (Dunoon?) into a thick series of alternating coarse grits and 
fine beds, which apparently includes in its upper part a contem
poraneous volcanic group, presumably of Arenig age. 

DETAILED DEStRIPTION.-To the east of Glen Rosie there is a 
good exposure of schists all over Glenshant Hill. In the Onocan 
Burn, below the mill dam, the true dip of the schists is to the S.E. 
or S.S.E. at a high angle, and the foliation dip is there coincident 
with that of the bedding. The rocks are mostly gritty and some 
are pebbly, and this type of schist prevails nearly all oyer Glen
shant Hill. In Oreag Rosie some alternations of thin gritty, and 
slaty bands show that the beds are vertical with a north-east strike. 
To the north-west of this the foliation strikes in one place to the 
N.N.E., while the bedding strikes E.N.E., so that the true dip is at 
a high angle to the S.S.E. Near the granite these rocks are con
siderably altered, and appear to be more contorted than usual. 
Much of the same type of schist prevails on the opposite side of 
Glen Rosie, about; the hill called Oul nan Oreagan, where thin 
quartz veins occur occasionally in the rock. In Gleann Easbuig, 
east side, and 950 yards north from the top of An Tunna, is a very 
coarse pebbly band of a slightly greenish tinge, "'hich is about 30 
feet in thickness. The deformed pebbles are of quart7- and felspar, 
and the rock which contains them set in a slightly chloritic 
matrix, may be traced in a direction slightly north of west for about 
200 yards, cutting across the foliation of the ordinary schist near. 
There is much gritty schist on the north-west side of Gleann Easbuig, 
but no rock so coarse as that described above was noticed there. 
On the hills called Beinn Ohaorach and Beinn Lochain to the south 
of the Iorsa valley the schists are generally so plicated that it is 
difficult to make out any prevailing strike. Much of it is fine
grained with quartz veins. On the north side of the Iorsa the 
rock is altered by the granite, and the foliation rendered obscure in 
many places, the most prominent planes being joints, which seem 
the result of the granite intrusion. The rocks are well exposed in 
the lower part of Glen Scaftigill, and in the adjacent burn of 
AlIt na h-Airidhe. In Glen ScaftigilI the schist is moderately fine
grained, and bluish or grey in colour, the foliation is generallyeyen 
and regular '"\lith little contortion and few quartz veins. The 
foliation dip is to the south or S.S.E. at a high angle; sometimes 
it is vertical, while the bedding as seen distinctly in one place 
strikes N.E., and dips steeply S.B. The foliation at this place dips 
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S.S.E. To the westward, about Onoc Donn and between this hill 
and Dougrie "Point, there is a strong band of gritty rock which is 
very slightly schistose, and is apparently overlying a thick band 
of black, bluish and grey phyllitic schist, which is much contorted. 
Some very coarse and pebbly bands of the gritty rock are exposed 
in the old sea cliffs three quarters of a mile north of Iorsa Foot, and 
the contorted slaty ro~k is exhibited in many places to the S.E. of 
Balliekine. Alternations of gritty and slaty schists, very much 
plicated, appear along the shore between Balliekine and Imachar, 
opposite which latter place the schists are more than usually 
contorted, with abundant veins of quartz (see Plate II.). On the hills 
nearly a mile E.N.E. of Imachar alternations of pebbly bands with 
rocks of a finer grain show that the strike of the foliation is from 10° 
to 15° farther west of north than that of the bedding. Both are 
practically vertical. North of AlIt Gobhlach, along the shores of 
Penrioch and Auchmore, the schists are not so much plicated, but 
numerous faults crossing the alternations of fine and coarse rock are 
exposed on the shore. At North Thundergay, again, the rocks are as 
plicated as at Imachar. There are some very coarse bands about 
Penrioch, but they are usually thin and cannot be traced far. One of 
them contains pebbles from two to four inches long. There is also, east 
of North Penrioch, a band of light-coloured, schistose, micaceous 
limestone some four or five feet thick, which was formerly quarried 
and burnt for lime. It can be traced for a considerable distance to 
the northward. Some other very thin calcareous bands are inter
calated in a dark-coloured schist. 

In the lower part of the Pirnmill· district the schist forms a 
remarkable series of ridges and hollows nearly coincident with the 
strike; higher up the hillsides other marked features are appar
ently due to joints or faults, as their direction makes an angle with 
the strike. N ear the granite the schist is much hardened, and the 
finer varieties assume a bluish colour. A marked set of joints 
appears also to have been developed in this altered rock by the 
action of the granite. These joints are in places much more 
prominent than the foliation planes, which are nearly obliterated. 

The ring of altered schist near the granite is here and there 
some two or three hundred yards in width. As the rock is less 
easily decomposed than the granite its~lf ~t occa~ionally FO.rI?s a 
ridge at a higher elevation than the gramte ImmedIately adJ~lmng. 
This is finely shown in Glen Oatacol and Glen Easan BIOrach, 
where the streams have cut narrow gorges through the altered schist. 

On the north side of the stream Allt nan Eireannach, nearly half 
a mile S.S.W. of Oatacol Bridge, there occurs a beautifully g~os~y, 
gritty mica schist with abundant sericite mica on the folIatIOn 
planes. Along a great part of this burn runs a thi.ck band of dark 
slaty schist, which is probably identical with that whlCh appears near 
the foot of Abhuinn Bheag on the east side of Glen Oatacol. And 
there is strong probability that the same band contillues southward 
from Glen Oatacol nearly parallel to the boundary of the granite, 
but at no great distance, as far as to AlIt Gobhlach opposite 
Pirnmill. 



Contorted mica- schist with quartz-vpins in shore cliffs, opposite Imachar, 2 miles 
North of Dougrie, Arran. 

Plate II. 
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North-westerly dips prevail in the schists in the districts. between 
Oatacol and Pirnmill, though, of course, there are many mmor folds 
parallel to the general strike. On the eastern side of Oatacol Bay 
there is a marked synclinal fold, which runs nearly parallel to and 
not far from the coast. The line of it crosses the loch a little north 
of Lochranza Oastle, and it can be observed for some distance east of 
the loch but gradually disappears, so that from North Newton 
there seems to be a regular and apparently ascending series in the 
schists all along the edge of the high ground to the south-east
ward as far as to 00r10ch, where we come upon the supposed Arenig 
lavas. On the shore at North Newton, where the rocks have a high 
dip to the south-south-east, the schists are gritty, somewhat 
greenish and chloritic, with alternating bands of finer slaty schist, 
more micaceous or chloritic and with more abundant quartz veins. 
Some bands outcropping to the east of the hamlet are very strong 
and coarse. Variable rocks of more or less gritty character 
prevail over Onoc nan Sgrath and Torr Meadhonach till, near the 
road leading to the Oock, we come upon the edge of a thick slaty 
series, in which there are two old slate quarries about a quarter of a 
mile south ofthe road. In the larger and more easterly quarry there 
are rather coarse and thickly laminated bluish slates with some pale 
coloured or greenish, probably chloritic, bands. The slates are not 
glossy, and there is not much mica on the foliation planes. Dark 
bluish, fine slaty schist with quartz veins appears in Oreag Ghlas 
Ouithe at the edge of the high ground, where the dip is almost due 
south. In Glen Chalmadale the dip is eastward, and betw~n 
these two localities the strike describes a curve of a quarter of a 
circle. This slate band is most probably the Dunoon series 
described in the Memoir of the Oowal district. To the eastwards 
succeeds a strong, coarse, and thick gritty mass, which is probably 
the Kilcreggan series. It is a very massive grey and greenish 
greywacke, only slightly schistose, the bedding of which is as even 
and as regular as a sandstone. In one place there is interbedded 
a few feet of greenish slaty rock, which much resembles the green 
beds in character. Pebbly bands are common in this rock and show 
the bedding clearly, which dips from 30° to 50° E.S.E. This rock 
forms a very fine set of crags, some of which are bounded by straight 
faces running nearly across the strike. rrhey appear to be due to 
joints, along which the rock has parted, and masses have fallen 
away. In the upper part of this series are alternations of slaty and 
gritty beds which give rise to strike features crossing the line of 
crags. These pass up into a greenish slaty series which forms the 
highest ground at the Ordnance Station 1453, and this is the highest 
point attained by the schists in the island. About half a mile south 
of this the gritty series below forms crags at Oreagan a'Ohoilich, 
where a very coarse, pebbly, quartzo-felspathic band may be seen. 
Eastwards from the Ordnance Station another thick gritty series 
comes on above the finer band, the upper part of it being marked 
by a very coarse, quartzose pebbly band 100 yards in breadth. In 
various places along the course of this band it may be observed 
that the true dip as shown by the quartz pebbles is high, some-
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times nearly vertical, "hile the planes of schistosity or foliation 
dip about 30° or 400. At the southern exposure of this band 
there is a cross fault which shifts it westward 100 feet or more. The 
crag here is visible at long distances. The pebbly quartzose rock 
is white in colour, and is penetrated by conspicuous white quartz 
veins. A portion of the rock might be described as a conglomerate. 
Another band of dark and bluish slaty schist succeeds to the east
wards, and is some 200 yards across, but is little exposed except on 
the crags; and then comes a gritty series, variable in character, 
half a mile across, which continues till ,,"e arrive at the so-called 
Arenig traps. W. G. 

SKIPNESS DISTRICT. 

In that portion of Kintyre which enters into Sheet 21 the meta
morphic rocks which floor the whole area consist of alternations of 
quartzose mica schi~ts and phyllites, the former being greatly in 
excess of the latter. The microscopical examination of specimens 
[9545, 9546, 9547,J by Dr. Flett shows that the quartzose 
varieties exhibit every grac1e of alteration from schistose grits 
in which pebbles of blue quartz and cleavable felspar occur, 
which are only granulitized peripherally and set in a 
schistose matrix composed of a seconc1ary granulitic mosaic of 
quartz anc1 felsp3r traversed by wavy films of white mica anc1 
more or less chlorite, into schists in which the remains of pebbles 
are not reac1ily detected, as the whole rock is convertec1 into a 
granulitic mica-schist in which the pebbles are representec1 by 
flattenec1 granulitic aggregates. There is a regular grac1ation from 
these quartzose schists into phyllites and mica schists by the 
increase in the proportion of mica to the other ingrec1ients, evic1ently 
owing to original c1ifferences in texture anc1 composition, the finer 
phyllites and mica schists c10ubtless representing the more 
argillaceous banc1s. When' not stainec1 these rocks are usually 
greenish-grey in colour, accorc1ing to the amount of chlmite they 
contain, but the phyllites are leac1en-grey colourec1 anc1 slightly 
calcareous. Both sets of rocks are much traversec1 by quartz veins. 

In a great many cases the original bedding is still reac1ily mac1e 
out, while the foliation for the most part does not coincide with the 
bec1c1ing planes. In some cases at least two sets of foliation planes 
can be seen to lie oblique both to the bec1c1ing planes and to one 
another. 

The rocks in the area are evic1entlya continuation to the N.N.E. 
of the bec1s which make up the greater part of the eastern Bic1e of 
the peninsula of Kintyre. From their relation to " Green Bec1s " 
and to the" Loch Tay" Limestone, to which they behave in Kin
tyre in the same manner as the Ben Lec1i grits do in the rest of 
Argyll anc1 in Perthshire, there can be little c10ubt that these rocks 
in the present area represent the upper members of the" Ben Lec1i 
grit" group. 

The schists are much crumplec1 anc1 wrinklec1, and in the N.W. 
corner of the sheet they can be seen to be folc1ec1 upon almost 
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vertical axes, while over all the rest of the area they appear to dip 
towards the south-east; but this does not necessarily imply that 
there is an ascending order of succession in that direction. The 
apparent dip is due to their being isoclinally folded, the axial 
planes of the folds being inclined in that direction. That this IS 

the case throughout the whole eastern side of the peninsula of 
Kintyre is shown by the behaviour of the overlying" Green Beds" 
and" Loch Tay" Limestone in the Oampbeltown region. By 
following the outcrops of these beds it can be shown that the 
apparent axis which runs along the centre of the peninsula, away 
from ,,,hich the rocks appear to dip on each side, is in reality an 
axis from which the axial planes of isoclinally folded beds dip 
away, and that in spite of the apparent easterly dip of the strata in 
the present area the beds which crop out at Skipness may actually 
underlie those exposed along the great central axial line. This is 
rendered highly probable, for in the adjoining region in Sheet 20, 
just out, of the present map, a fold of the" Green Beds" is found 
on the shoulders of Bhein Bhreac between the schistose grits which 
crop out on the shore at Oour and the central axis, the Oour rocks 
being a continuation of those that occur near Skipness. 

The best exposures of rock are found along the coast, but owing 
to the coast-line coinciding more or less with the long axes of 
the folds, the same beds often form the coast-line for long distances. 
Inland, the principal streams do not as a rule expose rock-sections 
near their mouths, but flow over glacial deposits, raised beach 
material, or through their own alluvia. This is prop ably due to the 
land having stood at a higher level in pre-glacial times than at 
present, so that the rocky bottoms of these drift-filled valleys are 
actually below sea level at or near the coast, phenomena common 
around our shores. Further up the valleys the streams have cut 
down through the drift and exposed sections, but the best inland 
exposures are to be found on the hillsides, which are often rocky. 

B.N. P. 

B 



CHAPTER IV. 

A1'enig (?) Roch-s. 

A strip of rocks that may be separated from the ordinary schists 
ofthe island is found in North Glen Sannox, It crosses the valley 
from south to north at a distance of rather over a mile from the sea. 
It is upwards of a mile and a half in length, and its width varies 
from 100 to 400 yards, being narrowest at its northern end. The 
rocks in this area, so far as can be ascertained, are not separated by 
any structural line from the ordinary schistose grits on either side 
of them, and they appear to be essentially a part of the metamor
phic series of the Highlands. They differ much in character, how
ever, from ordinary schists, in that they consist mainly of igneous 
rocks, both volcanic and intrusive, with which are intercalated 
bands of black shales or schists, and thin bands of chert. 

The black shales and cherts are associated together, as they are 
in the Aberfoy Ie district along the Highland border, and in the 
band of similar deposits intercalated with volcanic rocks in the 
Arenig group of Ayrshire. The black shales are partly in the con
dition of phyllites, and are much contorted in places. The cherts 
are perceptibly granulitized, and in structure similar to those parts 
of the cherts which have been altered by the granite of the 
southern uplands. 'Yhen in this condition, such rocks have 
generally lost all trace of their organic remains, and no radiolaria 
have yet been found in these Arran cherts. The most prominent 
members of this group of rocks are those of igneous origin, and it 
is now definitely ascertained that there is in Arran a very 'old 
volcanic series which includes undoubted lavas and volcanic tuffs. 
The lavas form bands of a dull-green, fine-grained rock, which. may 
be conveniently spoken of as "greenstone." Like their assocIated 
sediments they have undergone a considerable amount of deforma
tion, and are now in the condition of epidiorite. The whole of the 
rocks, both aqueous and igneous, appear to be in the same state of 
metamorphism as the schists to the east and west of them. They 
have an apparent dip to the east-south-east at high angles, a~d 
sometimes are practically vertical, and it is by no means certam 
which is the top or bottom of the series. They have also under
gone much plication, which is particularly observable in the inter
calations of black schist, and, as has been before observed, they 
are flanked on either side by schistose grits of the ordinary 
southern Highland type. 

The strip of rocks thus defined is truncated at its southern 
end by the intrusion of Arran granite at the north-east end of 
the ridge of Suidhe Fhearghas, while its northern boundary is a 
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fault which brings down against it a part of the Lower Carboni
ferous series. The schistose grits, which apparently underlie 
these rocks, are well exposed in the North Sannox Burn at the 
bridge, while another series of schistose grits, which apparently 
overlies these volcanic rocks, can only be observed in the 
main stream and on the south side of the glen, as they are cut 
out on the north side by the Highland border fault, which 
brings down the Lower Old Red Sandstone against the igneous 
rocks. This fault gradually crosses the line of strike of the 
igneous group, so that only the lmyer portion of it is represented 
at its northern end. 

The general succession of the members of this group of rocks, 
together with the underlying and overlying sedimentary strata 
belonging to the Highland schists, is apparently, in descending 
order, as follolYs:-

1. Coarse schistose grits or gritty schists, grey in colour, and 
weathering with a smooth surface. 

2. Thin bands of slaty schist, "'ith traces of dark schist or 
shale, apparently alternating in places with thin bands of 
greenstone. 

3. Upper bed of greenstone, generally fine-grained and quite 
schistose in places, with some lenticular bands of agglomerate. 

4. Bands of light-coloured and dark chert, associated with 
bands of laminated black shale or schist. Lenticular bands of 
volcanic tuff and of schistose grit also occur on this horizon. 

5. Lower bed of greenstone, often massive. It contains an 
agglomerate band on the north side of the valley. 

6. Bands of black shale or schist, associated with chert, and 
with some fine-grained slaty schist. There are traces of agglo
merate also. 

7. Thick mass of strong and coarse schistose grit, sometimes 
greenish in colour and generally different in character from No. 1. 

The whole succession may be observed in the North Sannox 
Burn, and on the hillside to the southward. On the north side of 
the glen the upper grit and greenstone are obscured by glacial 
drift fm' some distance till they are cut off by the Highland fault. 
Nos. 2 to 6 embrace the rocks supposed to be of Arenig age. 

The gritty schists, No.7, are well exposed in the stream where 
the road to Lochranza crosses, both above and below the bridge. 
They are here crossed by some basalt dykes. About 70 yards east 
of the bridge the coarser rock contains a band of fine-grained 
schist, and 80 yards further down the stream dark schists are seen 
to be associated with a brecciated rock like that which occurs in 
several places. It is composed of fragments of old lava, but is not 
exactly like a true volcanic agglomerate, and may have been pro
duced by the brecciation of igneous rock in motion before final con
solidation. Above these rocks in the main stream comes the lower 
mass of lava (No.5), which occupies the burn for a hundred yards. 
It is for the most part a massive rock, moderately fine-grained, and 
of a greenish-grey colour. It exhibits well developed "pillow
structure" identical in character with that of the basic lavas of 
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Arenig age in the southern uplands, but not on so large a 
scale (see Plate III.). The chilled and rounded margins of these 
"pillows," and the numerous amygdales that are found a short 
distance inward from their surfaces are marked features. The dark 
schist that apparently overlies the pillowy lavas is much contorted 
in places, and is accompanied by a breccia or agglomerate similar 
to that previously described in No.6, and also by some thin lava
like bands. The cherts that are associated with the black schists 
are well exposed about 200 yards up AlIt Cairn Bhain, a small 
stream on the north side of the glen. Some of them are dark in 
colour, but the thickest and purest bands seem generally to be grey 
or light-coloured. High up on the south side of the valley there is 
associated with this black schist a strong gritty band, and im
mediately upon this rests the upper greenstone, No.3. In the 
main stream this is but occasionally exposed, and the best sections 
of it are in the hillside to the southward. It much resembles the 
lower bed, but the pillowy structure is not so prominent. In its 
upper part the rock is often so schistose that it might be taken for 
the so called" green beds" of the southern Highlands. There is a 
good exposure of this upper lava on and about the two small hills 
called Cnoean Donna, where the doubtful Arenig rocks attain their 
highest point above the sea (944 feet). On each ofthe knolls a 
band of true agglomerate is interbedded with the greenstone. 
These bands are lenticular, and are made up of large angular frag
ments of fine-grained lava. Neither of them can be traced for more 
than 40 or 50 yards along the strike, and the more southerly is not 
more than 6-feet across at its widest part. The other is larger, and 
probably as much as 30 feet across in its broadest part. 

The upper schistose grits, but partly exposed in the main stream, 
are a prominent feature on the hillside to the southward, where 
they form a strip of ground 200 yards in width. They can be 
followed in this direction along the strike to the eastward of 
Cnocan Donna till they in turn are cut off by the granite. 

The lower greenstone forms prominent crags, one of which, about 
300 yards south-south-east from the bridge, is a conspicuous 
object from the road. The same rock forms crags at Corloch, at ~he 
northern extremity of the area, and all the crags on the north sIde 
of the valley between Allt Carn Bhain and AlIt Dornach, the next 
small stream to the west. 

There can be little doubt that these bands which we have called 
greenstone are true lavas, and they show many points of 
resemblance to the lavas of the Arenig volcanic series of Ayr
shire. 

Two specimens from these doubtful Arenig lavas have been sliced 
and submitted to microscopical examination by Mr. Teall. One of 
these from Cnocan Donna on the south side of North Glen Sannox, 
is a fine-grained, greenish-grey massive rock (8666) composed of 
minute prisms of nearly colourless hornblende, epidote, leucoxene 
after iron ores, quartz, and chlorite. 

It is evidently an altered basic igneous rock, a variety of 
epidiorite. 



Plate III . 

"Pillowy" structure in supposed Arenig lavas, Torr na Lair Brice. North side of North 
Glen Sannox, Arran. 
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Another specimen from Torr na Lair Brice on the north side of 
the glen (slide 8667) is a scoriaceous rock, the cavities of which have 
been filled by calcite. The main mass is formed of microlitic 
felspar, chlorite, leucoxene, and carbonates. It is an altered basic 
rock, but differs from the first in having recognisable felspar. It 
is closely allied to, but not identical with, the common forms of 
pillow lavas. 

These two fine-grained rocks are highly altered greenstones, 
allied to those found in association with cherts in other areas. 

Some additional specimens have lately been cut, anc1 the slides 
are c1escribed by Dr. Flett. Three of these (9381, 9382,9383) from 
Torr na Lair Brice, 550 yarc1s N.E. of North Sannox Bridge, though 
differing somewhat in individual characters have a general resem
blance to those described by Mr. Teall. A specimen (9384) from a 
small burn on the south sic1e of the glen opposite AlIt Carn Bhain 
is rather peculiar, being a grey-green rock with brown streaks 
and patches. It is a fine-grainec1 basic igneous rock which has 
unrlergone much c1eformation. There is a banc1 of thi" rock along 
the strike, and it may be seen also just south of the main stream. 
Two specimens of the supposed lavas altered by contact with 
granite (Nos. 9385 and 9386) are very different from the rest, and 
one of them (9386) appears to have lost all trace of its igneous 
origin (can it be altered black shale?). The last of these ilew 
slides (9387) is taken from a fragmental rock of a tuffaceo:u~ 
character in the upper part of .AlIt Carn Bhain. Many of th~ f~~g
ments are fine-grained and not certainly igneous, but the-band 
from which the specimen was taken is several feet thick and the 
coarser parts contain undoubted large fragments of the lavas. This 
band is associated with the black schists. 

INTRUSIVE IGNEOUS ROCKE', PROBABLY OF .ARENIG AGE . 

.At a distance of 600 yards north from the main stream in North 
Glen Sannox, and near AUt Dornach, is a rock which differs 
considerably in character from the lavas. It is coarser grained than 
these, and was probably a hornblende gabbro originally. It was the 
first of the igneous masses to be noticed in this area, and from the way 
in which it is associated with ordinary schistose rocks of a clastic 
origin it was regarded as an intrusive rock, which view has 
subsequently been corroborated by the result of a microscopie 
examination and also by its similarity to undoubted intrusive 
rocks associated with the Arenig lavas of Ayrshire. It forms a 
band some 15 to 20 yards in width, which is about 50 yards east of 
the small stream mentioned, and on the west side of the bedded 
lavas, and separated from the latter by a considerable band of black 
schists with chert. The intrusive band, however, as given above, 
includes some lenticular and irregular strips of schist. '1'he best 
section occurs a few yards below the old track or road which was 
formerly the highway to Lochr:mza, and the intrusive rock there 
forms a small crag, but it cannot be traced far either way. A rock 
of a somewhat similar character is found on the west side of 



The Geology of ]\'-oJ"th An·an. 

AUt Carn Bhain (the next small burn to the east) between 100 
and 250 yards north from the main stream of the glen. 

EPIDIORITE OR HORXBLEXDE SCHIST. 

To the south of Scalpsie in Bute there is a considerable mass of 
epidiorite or hornblende schist "hich appears to form a sill or 
intrusi,e sheet in the schist. It is nearly 400 yards in length 
from north to south, and it occupies the hill called the Dun, on which 
is an old fort, and the edge of the high ground to the southward as 
far as the head of Scalpsie Bay. It is bounded by the sand and 
gra,el ofthe raised beach on the east side, and the schists into which 
it is probably intruded are only seen to the "est of it. On the 
south side ot the Dun the rock is mainly a fine-grained, dark-green 
massi,e rock which may be termed an epidiorite. It is a confused 
aggregate of chlorite, hornblende, epidote, carbonates, felspar, and 
leucoxene. This altered basic, igneous rock yaries consi:lerably in 
character, passing 80uth"ard and north"ard into a fine-grained 
hornblende schist with epidote. 

There is strong reason for the "ie" that this mass of epidiorite is 
closely related to that associated "ith the supposed Arenig rocks of 
Arran, and there is e,~ery probability that we are in this part of 
Bute just below the horizon of those contemporaneous volcanic 
rocks. 

SERPEXTIXE. 

On the ,,,est side of Scalpsie Bay in Bute serpentine occurs in 
b,·o places in or neal' the large fault skirting the west side of the 
bay. In the first case it is about 75 yards from the head of the 
bay and just below high-"ater mark of the ordinary spring tides. 
It is apparently just at the edge of the fault, is much crushed, but 
can be traced for a little distance "estward. No other rock is 
seen in contact with it. About 75 yards farther to the south-,,,est, 
and nearly at the shore line, serpentine again occms. This locality 
is 25 yards from the ,"all "hich here runs parallel to the shore, 
and nearly opposite a cross ,,,all. Here again no rock is seen in 
contact with the serpentine, but a short distance to the south-east 
"hite carboniferous sandstone on the other side of the fault appears, 
dipping south-south-east at 30 0 • The serpentine is a compact 
pale-greenish rock, remarkably uniform in character, and the 
alteration so complete as to make it impossible to say what the 
original mineral was "hich makes up its aggregate of irregular 
scales, but it was probably not olivine. It must, however, have been 
some basic or ultra-basic rock intrusiye in the schists, for similar 
rocks are thus seen west of Loch Fad, and near 1nnellan in the sheet 
to the north (29, one-inch). 



CHAPTER V. 

Old Red Sandstone. 

A strip of the Old Red Sandstone occupies the eastern coast of 
Arran from the Fallen Rocks at Corloch southwards to near Corrie, 
and continues inland as far as the Brodick woods, whence it sweeps 
as a belt across the centre of the island to the western coast 
near Dougrie. A detached part of the formation is found on the 
eastern and south sides of the smaller granite area from Glen 
Dubh by Cnoc na Croise and the head of the Clachan Glen round 
to near Cnocan Biorach. This portion, which is some three miles 
to the south of the String Road, is invaded by intrusions of granite, 
granophyre, and diorite, by which all the surrounding strata are 
highly altered. 

LOWER OLD RED SANDSTONE. 

This subdivision of the formation does not appear on the 
eastern coast, but is well exposed in North and South Glen Sannox, 
partly in the streams and partly on the hillsides. 'It consists of 
course conglomerates, red mudstones, and purplish felspathic sand
stones. The blocks in the conglomerates are well rounded, and 
many of them are of a pinkish or white quartzite, often associated 
with pebbles of andesite derived from the denudation of lavas be
longing to a lower part of the formation. The conglomerates are 
associated with, or alternate with beds of red or purplish fine sand
stone and mudstone, and generally form the lowest and most 
westerly part of the formation as exposed in these glens. The 
middle portion is composed largely of mudstones and Baggy sand
stones, and the higher part is mainly felspathic sandstone, 
somewhat coarser and thicker bedded than that in the middle 
part. All these beds have a general easterly dip often at high 
angles. 

A great series of purplish-red and chocolate-coloured sandstones, 
generally hard and micaceous, and often thin bedded, occupies 
Glen Shurig and strikes south-west, with a high dip to the south
east, across the String Road. These rocks have been quarried in 
places for road metal. They form, apparently, the highest portion 
of the 10Y,'er division of the formation. As the dip is high, they 
must be between 2000 and 3000 feet in thickness. Although in 
places the dip is reversed there are no apparent contortions, so that 
the strata are probably occasionally inverted as they must 
be in the Cnocan Burn, and on the west side of Glen 
Rosie. It was in this group of rocks in Glen Shurig, in a 
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burn near the String Road, that Sir A. Geikie and his 
students found a specimen of Psilophyton in the year 1882. 
From the same upper part of this subdivision in Glen Shurig 
about a dozen specimens of plantJ were obtained by Messrs. 
Macconochie and Tait, the fossil collectors of the Geological Survey, 
in 1897. Mr. Kidston, to whom these were submitted for examin
ation, could only identify one of them specifically as Psilophyton 
princeps, val'. ornatus, Dawson.* He, however, thinks that all the 
other specimens belong to this species, which is characteristic 
of the Perth shire and }'orfarshire Old Red Sandstone, and is not 
known in the Caithness Flags. The strata in which these plants 
were found are hard, purplish, flaggy, micaceous sandstones, often 
weathering of a yellow tint, and they must be several hundred feet 
lower in the formation than those which yielded Psilophyion in 
1882, but both belong to the same set of beds. The exact 
locality for the specimens collected by the Geological Survey in 
1897 is in the main stream of Glen Shurig, about 200 yards above 
its junction with AlIt Mor, which is its principal tributary on the 
south side. In the south bank of the stream at this point is a 
good shale band about three inches thick, and it was from this bed 
that the plants were obtained. Some fragments were also got on 
a somewhat higher horizon, some 100 yards lower down the burn 
and nearer AlIt 1\101', and it was in Ant Mol' itself, but some 
distance up from its foot, that the specimen was obtained in 
1882. • 

The thick masses of mudstone, interstratififld with coarse conglom
erates made up mainly of quartzite pebbles, so conspicuous in 
North and South Glen Sannox, are much attenuated in Glen 
Shurig, 'while the upper felspathic sandstones are much thicker. 

In Glen Rosie, near the schists, a type of the formation occurs 
which is not red but grey in colour, and contains a different set 9f 
pebbles, which are mostly of quartz. It may be observed in a 
Vet tical position at the bend of the burn half a mile \vest of the 
wood. The rocks here have a north-north-east strike, and appear 
to have been confounded with the schists by some observers. 
Epidote is pretty common in these rocks, and also in some similar 
in character and position near the schists in Garbh AlIt, north of 
nIonyquil. 

East of Dougrie there are fine sections in the Old Red Sandstone 
on the shore and in the old sea-cliffs, but a portion of the rocks 
there exposed probably belongs to the upper division of the forma
tion. The Lower Old Red Division, which is characterised by thick 
bands of coarse quartzite conglomerate, alternating with red and 
purplish sandstones, must in places on this side of the island have 
a thickness of several thousand feet, with a high southerly dip 
ranging from S.S.W. to S.S.E. The coarse conglomerate forms a 
broken ridge of high ground east of Auchencar, and is apparently 
unusually thick in the hill of Garbh Thorr, near Monyquil, which 
is probably bounded on either side by a large fault. Below this 
mass of conglomerate is found a volcanic zone, composed of lavas 

" Thede plants were obtained from Locality Xo. 49, given in Appendix A. 
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some 50 or 60 feet thick, which is elsewhere described (see page 26). 
These crop out in Auchencar Burn, to the north of the hill 
Baniorlach, one and a quarter miles farther east, and to the north
west of Garbh Thorr. Below this zone the rocks consist mainly of 
sandstone. The sandstones which overlie the conglomerate, 
mostly thin-bedded or fiaggy, are exposed in the Machrie Burn, 
west of Cnoc na Ceille. 

The boundary between these undoubted Lower Old Red Sand
stones and the beds above which may belong to the upper division 
of the formation, is somewhat arbitrary and uncertain, as the dip 
and strike of the two set of rocks are, on this side of the island, 
everywhere the same, and no fossils can be obtained to assist us in 
the determination of the exact line. In the old sea-cliff, near the 
Dougrie schoolhouse, more than half a mile north of Auchagallon, 
there is a variegated marl bed covered with ovaloI' round white 
and greenish spots, and there are also narrow bands of the same 
material along joints, some of which are also lines of movement. 
This bed, which is 12 to 15 feet in thickness, with some irregular 
sandstone on one side, contains doubtful traces of plants. This 
band is included in the lower division, and the rocks above are 
referred doubtfully to the upper or middle division. Similar 
greenish marl bands are found along the strike in the Machrie 
Burn, and in a smaller burn farther east, and some much thinner 
bands of the same kind also occur in the Machrie Water, so that 
the line given on the map seems to follow a definite horizon, if it 
is ·not an actual boundary between two sub-formations. Below 
these bands in the Machrie Water the rock is much hardened and 
jointed, for which alteration there is no visible cause except an 
intrusive basic dyke. 

In the Clachan Glen, to the south of Beinn Bhreac, the rocks of 
this sub-formation have been intensely altered by the granophyre, 
so that now they are totally unlike Old Red Sandstones in char
acter. They are, in fact, more like old silurian greywackes, 
very hard and tough, and of a bluish-grey colour. They are also 
apparently contorted in places, and the bedding cannot always 
be (letermined. A similar alteration in the rock has taken place 
on the north side of Gleann Dubh. 

In the upper part of the Merkland Burn, outside the Castle 
woods at Brodick, there are some rocks of a peculiar type in this 
division. Near the edge of the wood, but inside, conglomerates 
with well rounded pebbles of the true Lower Old Red type may be 
observed in a vertical position and with a northerly strike. 
Succeeding to these, outside the wood we find sandy red mudstones 
in the stream for a hundred yards. They have the same vertical 
strike as the conglomerates, but the last visible strata of this kind 
have a strike directed somewhat west of north. These rocks are 
abruptly truncated at a waterfall by a totally d.ifferent set which 
come on along a line running about north-north-east. The junction 
line may be a fault, and the rock which we first come to on the 
other side has somewhat the appearance of a dyke a few feet in 
width. North of this we seem to have recognisable purplish mud-
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stones, altered, however, with another possible green dyke parallel 
to the stream on the west side. Below the first branch stream on 
the west side there appear to be fairly recognisable altered mud
stones striking north-east and dipping south-west. All these rocks 
have a number of yellowish-green veins and patches of epidote. 

Above this, in the main stream, for a long way, is a mass of 
apparently fine-grained, blue-grey rock with very indistinct traces 
of bedding, and not at all resembling the ordinary type of Old Red 
Sandstone. Similar rocks may be seen in both the branch streams 
on the west for a distance of about 200 yards up them, where rocks 
of an undoubted gritty character appear. In the upper branch 
stream this is a white hard-baked sandstone, almost a quartzite, 
which has evidently undergone considerable alteration. This has 
been microcopiscally examined by Mr. Kynaston, and ig seen to con
sist principally of numerous small rounded grains of quartz and 
felspar, some of which is microcline and some plagioclase. The 
interstitial material often has the appearance of a fine quartzose 
mosaic, as ifit had been recrystallized, but the larger grains show no 
perceptible alteration. There are some grains of epidote. The 
highest observed rock in the main stream, 700 yards above the 
wood, is clearly an altered sedimentary rock, a rather coarse grit 
with numerous fragments of andesite, more or less rolled, quartz
grains, felspar, epidote, etc. 

The doubtful rocks, some of which have been sliced, will be re
felTed to again (see p. 27) with some remarks on the probable cause of 
the alteration which is visible in the undoubted grits. 

CONTEMPORANEOUS IGNEOUS ROCKS OF LOWER OLD RED SAND
STONE AGE.-In the Lower Old Red Series of Arran, on the west 
side of the island, is an interbedded volcanic series. It occurs near 
Auchencar as a band of lava, and may be traced eastward for about 
two and a half miles as far as to the north-west side of Garbh Thon 
near Moniquil. Everywhere it dips steeply to the south and under
lies the main mass of the conglomerates, while the strata below it 
consist principally of sandstones. Where this lava crops out at the 
surface it is largely amygdaloidal and apparently of a basic char
acter, though the lower portion of it is in places more compact, and 
seems to be more basic than the rest. The best section of it occurs 
in the Auchencar Burn, about seventy yards east of the moor 
fence, where a thickness of from fifty to sixty feet is exposed. 
Here the rock is amygdaloidal above and compact below. As the 
band is nearly vertical it occupies but a narrow strip of ground, 
and, besides, it is a good deal concealed by drift. Still, traces of it 
may be found in several places to the eastward, and undoubted 
outcrops of it occur to the north of a conglomerate hill called 
Baniorlach, and also to the north-west of Garbh Thorr, where the 
band appears to be thicker than in the Auchencar Burn. For the 
appearance of these rocks under the microscope see Appendix. 

In the conglomerates above this volcanic zone, pebbles of an 
andesitic rock, presumably derived from the lava, are common. It 
seems probable that the volcanic series was largely denuded before 
and during the formation of these conglomerates, which contain 
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these basic igneous pebbles in various parts ofthe island where no 
other traces of the former presence of these contemporaneous rocks 
exist. Some of these pebbles from near Auchencar and from Glen 
Sannox have been micr08copically examined, and descriptions of 
ofthem by Mr. Kynaston are in the Appendix. 

INTRUSIVE IGNEOUS ROCKS OF LOWER OLD RED SANDSTONE AGE (?). 
-In Glen Rosie, about three quarters of a mile west of the hamlet, 
is an intrusive sill in the Lower Old Red Sandstone. It crops out in 
the southern bank of the stream, and may be traced up the hillside 
to the southward and over the moor for nearly a mile. Two promi
nent knolls formed by it are called Torr Breac and Torr Dubh, and 
at these places the sill is about 300 feet in width. The rock is 
very massive, fine-grained, grey in colour or pinkish, and contains 
in places veins of epidote. It is a peculiar rock, and seems of an 
internlediate rather than basic composition. It appears always to 
contain a pale-coloured augite, and is a salite diabase. 

In the Lower Old Red Sandstone on the south side of Glen 
Sannox is a large dyke which forms a marked ridge trending west
south-west for nearly three quarters of a mile. It crosses the stream, 
AUt a' Chapuill (which enters the Sannox Burn near the old barytes 
workings), and runs toward the granite hill of Cioch na h-Oighe, but 
no trace of it is to be found in the granite. Its average width is 
about 150 feet. It is a coarse grained, brown-coloured rock, 
apparently a kind of salite-dolerite. See Appendix for the micro
scopical characters of these intrusive rocks. 

DOUBTFUL ROCKS.-In Merkland Burn, Brodick, a mile and 
upwards from the sea, in the Lower Old Red Sandstone area, are 
some rather puzzling rocks, which seem at first sight a good deal 
like altered grits, in 'which the bedding is often very obscure. 
Some specimens from this locality, however, are very like felsitic 
tuffs or agglomerate, and some of the fragments have points of 
resemblance to the salite-diabase of Glen Rosie. But it must be 
remembered that in places the undoubted Lower Old Red con
glomerates are largely made up of fragments of old basic lavas. 
Mr. Kynaston, however, has examined and reported on some micro
scopic slides cut from the rocks as well as some undoubted Old Red 
rocks from the immediate neighbourhood, and is inclined to the 
view that they are of pyroclastic origin, of the nature of tuffs or 
agglomerates. One of the specimens sliced was the supposed dyke 
at the edge of the mass, which is a fine-grained dark rock, apparently 
of a massive character. Under the microscope, however, it appears 
partly andesitic, and in a more or less fragmentary condition, and 
partly consists of small fragments of quartl-l and patches of calcite 
111 a fine matrix. It is difficult to determine the exact nature of 
this rock, and it seems possible that it is essentially a massive 
rock which has been broken or crushed along or near a line of 
fault, which may be of later date than the alteration surrounding 
the doubtful rock, for there is no trace of such alteration on this 
side in the Lower Old Red Mudstones. 

These doubtful rocks cannot be observed in the drift covered and 
peaty ground east of the main stream, but they would appear to 
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be comprised in an oval area which is about 500 yards in length 
from north to south. As the rocks of this area differ so much in 
character from the genuine Lower Old Red Sandstone ofthe neigh
bourhood, and as they have many points of resemblance to tuffs or 
agglomerates of pyroclastic origin, it seems more probable that 
they belong to the latter class. It will be most convenient, then, 
to consider this small area as the site of a volcanic vent in the 
Lower Old Red Sandstone rocks, the age of the vent or the period 
when there was outpouring of either lavas or tuffs being still to be 
determined. 

There remains to be considered the undoubted alteration in the 
surrounding rocks; at all events on the western border of the area. 
'fhe large mass of granite suggests itself as the cause of the alter
ation; but the edge of the granite is half a mile distant, and 
metamorphism in the surrounding rocks cannot be traced so far 
away from its mass. Often in the case of Old Red Sandstone it 
only extends some 40 or 50 yards away from the boundary. On 
the contrary, the evidence, so far as it goes, favours the view that 
the alteration in the surrounding rocks came from within the 
doubtful area itself, and it seems extremely probable that the 
operating causes were gaseous exhalations and emissions of heated 
aqueous vapour in connection with a solfatara. 

UPPER OLD RED SANDSTONE. 

The rocks of this division of the Old Red Sandstone have been 
much studiell in the island of Arran, where they occupy the shore 
from the old march of Achag (not Acha b) Farm, north of Corrie, to 
the Fallen Rocks at Corloch, a distance of three miles. They were 
supposed to be typical of the whole formation of the island, but, as 
will be seen from the sequel, they only represent the upper part of 
the formation, while the Lower Old Red division is only seen in the 
interior on this sille of the island. The equivalents of these beds in 
Great Cumbrae and in Bute were, while the survey of those islands 
was in progress, classed with the Lower Carboniferous rocks, with 
which they are in general perfectly conformable in the matter of 
dip and strike. In all three localities there are alterations of red 
sandstones, often false-bedded, with brecciated conglomerates, made 
up largely of fragments of quartz and schist derived from the 
denullation of the metamorphic rocks. Mingled with these, which 
are often more or less angular, are well rounded pebbles or blocks of 
quartzite derived from the conglomerates of the Lower Old Red 
division. Bands of shale, when they occur, are t~lin, but they form 
but an insignificant portion of the whole. As may be gathered 
from the name of the division the rocks are generally of a red colour. 

No organic remains have been found in these rocks within the 
limits of this sheet, except doubtfnl fragments of plants found on 
the shore about a quarter of a mile south of Farchan Mor. 

On the north side of North Glen Sannox there are two distinct 
sets of beds, separated by a contemporaneous volcanic series, which 
probably belong to the upper division of the Old Red formation. 
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Above the shepherd's house we find, along the hillside, a purplish
red felspathic sandstone which is pebbly in places. The pebbles 
are generally small, and are of coarse, reddish quartzite and white 
quartz, which are mingled together. Some thin bands of purplish 
and red mudstone, like the thick masses which occur lower down in 
the formation, are occasionally seen. The pebbles which occur in 
the sandstone are well rounded, especially those of quartzite. The 
clip of these rocks is clearly to the east-north-east, at angles of from 
2()0 to 30°. These beds undoubtedly are the upper portion of the 
Lower Old Red Sandstone. 

At the top of the slope where these beds are found a lille of 
crags may be observed which consist of a very different type of 
rock, a whitish conglomerate nearly in a horizontal position, (1nd 
with every appearance of being unconformable to the beds first 
described. The pebbles in this conglomerate are mainly of white 
quartz not well rounded, though a few of the well-rounded 
quartzite pebbles common in the Imver division also occur. The 
numerous quartz pebbles give the rock a decidedly grey colour 
when seen from a distance, though the matrix is often somewhat tinged 
with red. Further west, beyond the first large fault, there are many 
rounded quartz pebbles and some of schist in the basement beds. 
The rocks ill these crags must be considered as the lowest portion 
of the Upper Old Reel division. They have a gentle dip to the 
northward and pass under a succession of massive, whitish conglo
merates of like character, which alternate with reddish, fiaggy 
sandstones. The whole forms a fine set of parallel escarpments 
much broken by faults. The dip gradually increases till it reaches 
25° or 30° in the highest beds of the series, a set of whitish and 
somewhat fiaggy sandstones which are pebbly occasionally and 
which underlie the contemporaneous igneous rocks. The beds as 
above described have a probable thickness of about 800 feet below 
the lavas. The latter are purplish-red rocks, often amygdaloidal and 
decomposed, which are elsewhere described (see latter part of this 
chapter). They are much faulted; their thickness is probably not 
more than 100 feet at the most, and they appear to thin away rapidly 
to the southward. Above them comes a series of red, fiaggy sand
stones which are surmounted by the ordinary red conglomerates and 
sandstones partly exposed along the adjacent coast, the highest bed of 
which has furnished the material for the Fallen Rocks. To the south
east of these rocks it is principally conglomerate we find on the shore 
for a distance of half a mile, when, after passing a fault ranging 
north-east, we come upon the fiaggy sandstones which overlie the 
volcanic series. These occupy the shore for some 600 yards farther. 
They dip N.E. and N.N.E. at comparatively low angles, 15° on 
average, and at the south end are faulted against a coarse conglo-c 
merate, which occupies the shore for 200 yards, and is then cut off 
by a fault ranging E.N.E., which brings up much lower beels. From 
this point, which is 700 yards from North Sannox Burn, the section 
is very complicated and could not be described accurately without 
much detail. There are numerous faults and in one place irregular 
bands of impure cornstone, perhaps on the same horizon as one seen 
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at Farchan :Mor. There is no trace of the volcanic series, and 
nearer to North Sannox there is strong evidence for an unconfor
mabilitv, where in more than one place dull red sandstone abuts in 
a pecuiiar way against conglomerate. Perhaps this may be the 
reason for the absence of the bedded traps. As we approach the 
burn the dip tends more and more towards the east, and on the 
south of the stream it becomes south of east, and we have passed 
over the anticlinal line so called. The sandstones and conglomerates 
that lie immediately south of the burn dip about E.S.E. at angles 
of 30° to 40°. They strongly resemble the beds formerly described 
as lying below the lavas, and it is ,ery probable they are a part of 
that series. Above them there appears to be an unconformability 
of the same kind as that occuring north of the burn. The rocks 
which succeed are a series of flaggy red sandstone with occasional 
pebbly bands, and these continue to the cross-wall, where comes 
on the thick conglomerate which extends a long way on the 
shore and which forms the fine crag called the Blue Rock. 
At the south end of the shore section, nearly a quarter of a 
mile from the South Sannox Burn, is an interesting section. 
A sharp line on the foreshore running N.N.W., which appears 
to be a joint and not a fault, divides sandstone from conglomerate 
for the greater part of its length, but near low-water mark 
sandstone is found on both sides of this line, beyond the point 
where the conglomerate is seen to overlap beds of sandstone. 
Near high-water mark, also, conglomerate occurs east of the 
line, wrapping round beds of sandstone. It is clear in this case 
there is a local unconformability. Somewhat similar cases 
occur south of Farchan ~for, one of which is near the Rocking 
Stone. The coarse conglomerate bed on which stands this stone 
o,erlaps beds of soft, shaly, red sandstone which lie below. This 
section was photographed and is reproduced in Plate IV. A large 
fault which runs nearly parallel to the coast truncates this 
conglomerate near high-water mark, perhaps a continuation of the 
fault which passes on the west of the Blue Rock; and some 
distance southward there are several smaller faults. Near these 
some curious hardened markings project from the surface of the 
sandstone; some appear vertical like finger ends, and others 
resemble worm castings which are arranged into various pat 'terns. 
The rocks to the southward are mostly red sandstones, sometimes 
false-bedded, which dip S.E. at angle~ from 20° to 30°. There are 
some beds of conglomerate, one of which forms the highest part of 
the formation, about a quarter of a mile north ofthe Corrie School
house. These higher beds are shown in the section of the 
Carboniferous rocks. 

To the west of Corrie the ground occupied by the Old Red 
Sandstone is much faulted, and also obscured by glacial deposits, 
and the division between the upper and the lower parts of the 
formation is very uncertain. .Most of the \"1'Titers on Arran describe 
a narrow band of schist or slate along the eastern border of the 
granite for a distance of about three miles southward from 
Glen Sannox, but Old Red Sandstone certainly is the rock which 
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The coarse conglomerate on which rests the" Rocking Stone" overlaps, on the left, soft red 
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occupies this position excepting for a length of half a mile to the 
east of Cioc~ nah-Oighe, where a band of altered schist occurs next 
to the gz:anite. It is mainly the lower division of the Old Red 
Sandstone that is in contact with the granite along this line, and 
it is doubtful if the upper division and the granite ever come 
together. The width, however, occupied by the whole formation 
as it is exposed at the surface is narrowed to 500 yards at the 
Locherim Burn, and is not more than 400 yards south of the 
White Water. 

The lower boundary of the upper division to the south of Corrie 
is but an arbitrary line, as the dip and strike of both divisions 
are the same: It has been drawn, however, through the Brodick 
woods and up Glen Shurig, so as to include in the upper division 
rocks which could not be referred to the lower division. South of 
Gleann Dubh, where nearly all the Old Red rocks are much 
altered, the more felspathic rocks of the Lower Old Red become 
grey in colour, while the more quartzose rocks of the upper division 
are turned white, and this difference in colour assists one consider
ably in deciding on the boundary between them. Some of the 
rocks of the Upper Old Red are converted into quartzite. 

In the Olachan Glen, to the south-west of Beinn Bhreac, there 
is a thick series of white sandstones and conglomerates whit!h 
apparently occupy the position of the Upper Old Red rocks, thoufh'~ 
they do not much resemble them in character, and certainly net .. n. 
colour. The white colour may be due, however, to the same ~ute 
which has so highly affected the Lower Old Red Sandstone 0~th;1s 
district, viz., the intrusion of the granophyre and other rocks of 
Beinn Bhreac. 

On the western side of the island the beds above the genuine 
Lower Old Red Sandstone are very variable. On the shore and in 
the old sea-cliffs north of A uchagallon they are mainly conglom
erates with some pebbly sandstones. In the Machrie Burn the 
proportion of conglomerate to sandstone is not so great, and in the 
Machrie Water' there is a great thickness of soft red sandstone with 
few or no pebbles in what has been taken as the lower part of the 
upper division. 

GREAT CUMBRAE. 

In the Great Cumbrae, as in Bute, the rocks which are now 
regarded as of Upper Old Red Age were formerly classed with the 
Lower Carboniferous. The upper limit of the formation as now 
defined follows the horizon of a cornstone band which may be 
traced at intervals from Doughend Hole, near the south-west end 
of the island, past Upper Kirkton, in a curved lint" by Terrach Hill to 
Ballykellet. Superficial accumulations and numerous intrusive rocks 
make the line somewhat uncertain in various places. On the west 
coast the dip is to the S.E., but becomes almost due south inland, 
and is never at a high angle. To the east of Ballykellet a large 
fault, which runs close to and parallel to the road, throws up lower 
beds of the Old Red Sandstone against the Carboniferous rocks, 
which are not found on the eastern side of the island. 
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From Doughend Hole the descending section in the Red 
Sandstone may be followed along the shore and in the old sea-cliffs. 
The rocks consist of alternations of false-bedded red sandstone 
and coarse conglomerate. The dip is at first to the south
west at 10° but soon chang'es, and afterwards continues steady 
towards S.E. or S.S.E. all ~along' the west coast of the island. 
Much of the sandstone is coarse ~nd pebbly, and false bedding' is 
very marked ill places. At the north side of Bell Bay the true dip 
is to the south-south-east, "'hile the false-bedding dip is eastward. 
Many irregularities in the stratification may be observed, certain 
beds dying out and being replaced by others; and at one place, on 
the south side of Fintray Bay, a kind of local unconformability is 
seen, coarse beds overlapping on to fine. 

Along the east side of the island the direction of the dip is not 
so constant, though the rocks are similar in character. On the 
eastern side of i>Iillport Bay the rocks dip westward towards the line 
of fault, and the amount of dip neal' Farland Point is considerably 
greater than on the west coast, being from 20° to 25°. The westerly 
dip continues till we pass the Lion Rock, w'hen it changes to east
south-east, and north of the Butter Lump to east-north-east, which 
is the prevalent direction as far as Olashfarland Point. The amount 
is as high as 30°-40° in places. On either side of Bessy's Port 
there is no rock on the foreshore for some distance. About 
Downcraig Ferry the dip is to north-east, which changes towards the 
north end of the island to almost due east. 

Near the Glaid Stoneon hlinnemoer, the highest part ofthe island 
(~ 417), there are numerous and rather large quarries in the massive 
red sandstone, which is not very coarse and occasionally weathers 
to nearly a white colour externally. The beds here dip almost due 
south at angles of 15°-20°. 

The numerous intrusive igneous rocks ofthe island, the majority of 
which are of Oarboniferous age, will be found noticed in Ohapter VI. 

It is som6'yhat difficult to estimate the thickness of this forma
tion as exposed in the island, but it probably amounts to as much 
as a thousand feet. There is no sign that we anywhere are neal' 
the base of the division. 

BUTE. 

The conglomerates and sandstones in Bute are of the usual 
character. Inland sections are few and poor, and mostly confined 
to the burns, except in the small area bordering the road to the 
west of Oosson and Piper Hall, where the conglomerate is soft 
and much decomposed generally. The dip everywhere, both 
here and along the shores, where are the best sections, is 
generally to west-south-"'est, inclining to south-west in the 
peninsula south of Kilchattan, and to nearly due west along the 
northern edge of the map. The average amount is between 15° 
and 20°. It is impossible to give the exact thickness of the 
formation exposed in this island, as there is no long continuous 
section. The best is that on the shore between Little Kilchattan 
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and Bruchag Point, which consists of alternations of sandstone 
and conglomerate amounting to about 1250 feet in thickness. 
The total thickness is probably more than double this amount, as 
there is a wide interyal occupied by the sands of Kilchattan 
Bay bej:'ore the upper beds are reached. The higher bAds ni.ay be 
seen along the western coast "where the best section, exposing 
probably 1000 feet of strata, occurs to the north of Lubas 
Port. Owing to faults small patches of these rocks appear among 
the Carboniferous traps to the southward, and in Dunagoil Bay the 
highest beds pass naturally under the Lower Carboniferous 
rocks. There is a good exposure of these upper beds of the sub
division along the shore to the south-east of Kilchattan, and their 
passage up into the Lower Carboniferous may be traced. The 
thick cornstone or dolomitic limestone, which has been largely 
quarried in former times, is regarded as the upper limit, but 300 
yards S.E. of White Port a white cornstone three or four feet thick 
occurs among the red sandstones and several hundred feet below the 
horizon of the limAstone quarried. 

A peculiar tract of columnar sandstone is found on the shore 
about 400 yards east of the pier, which has been noticed by Mr. 
D. C. Glen*. The tract is about 20 yards wide on the shore at 
high-water mark, and it appears to run in a north-east direction 
parallel to the course of many of the intrusive dykes along this 
shore, for the columnar structure may be observed in the old sea
cliff 70 yards south-west of the shore-line at this point. The 
columns are fairly regular five and six sided prisms, some of them 
as much as seven inches in diameter. The dip of the sandstone 
and conglomerate is to the south-south-west at 30°, and the 
columI's are arranged nearly at right angles to the planes of bed
ding, flO that they incline steeply to north-north-east. The pebbly 
rocks or conglomerates appear to be as much altered as the finer 
sandstone; both are much hardened, in fact converted into a kind 
of quartzite, and they are much lighter in colour than the un
altered rock. It seems probable that this structure is due to a 
concealed dyke-one which does not reach the present surface
running in a north-east direction. 

De la Beche ("Geological Manual," 3rd ed., pp. 471, 472) observes 
that some sandstones when kept in our furnaces at a heat in
sufficient to fuse them take a columnar form. A Coal-measure 
sandstone between Halifax and Huddersfield is thrown into kilns 
and burnt for road-making material, when it frequently becomes 
columnar. The columns are variable in the number of their sides, 
are generally curved, and about half-an-inch in diameter. 
Macculloch ("Quart. Journ. of Science," 1829) connected this altered 
structure in furnaces with the columnar character of sandstone 
occurring in nature, and he noticed prismatic structure in a hearth
stone taken from a blast furnace. Columnar sandstone occurs in 
the island of Rum, according to Macculloch. 

In connection with this subject, reference may be made to a 

'f Trane. Geol. Soc. m"sg., vol. v., 154, 
c 
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paper by Mr. James Haswell on "Oolumnar Structure developed in 
Mica Schist from a Vitrified Fort in the Kyles of Bute." [Trans. 
Geol. Soc. Edin., vol. i., p. 229.] 

The faults in South Bute that affect both the Old Red Sandstone 
and Oarboniferous rocks will be noticed in connection with the 
latter formation. 

OONTEMPORANEOUS IGNEOUS ROCKS OF UPPER OLD RED 
SANDSTONE AGE.-The Upper Old Red Sandstone of Arran 
contains an interstratified and contemporaneous set of lavas on the 
north side of North Glen Sannox. The area in which these 
volcanic intercalations occur is much faulted, but the position of 
the interbedded igneous rocks is quite clear. The Old Red Sand
stone of this part of the island consists of three distinct members, 
the lowest of which is made up of coarse, well-rounded conglomerates, 
alternating with felspathic sandstones and purplish mudstones. 
These are the undoubted Lower Old Red rocks. Above this set 
comes a middle series of light-coloured or reddish conglomerates 
and sandstones, the pebbles in which are mostly of quartz. This 
series is apparently unconformable on the lower. Lastly comes an 
upper series of red sandstones and conglomerates which occupy 
nearly the whole of the coast-section in which the Old Red Sand
stone appears, and it is this series which has generally been supposed 
to be typical of the whole of the Old Red Sandstone of the island. 
The volcanic series is intercalated between the middle and the 
upper divisions above described, and it crops out in many places 
high above the hillside between the shepherd's house at North 
Sannox and Ijaggantuin, bu(is very discontinuous from being much 
faulted. It consists of dull-red or purplish lavas, in places soft, and 
often much decomposed. The general character of the rock is 
basic, but a specimen from near the Fallen Rocks which Mr. Teall 
examined was found to be too much altered for precise determin
ation, though it was probably a basalt originally. No trace of 
these rocks is found along the coast, nor in any other part of the 
island of Arran. 

Some additional specimens were afterwards collected, and 
examined by my colleague Mr. Kynaston. The description of these 
(slides 9394 and 9395) will be found in an Appendix to this 
chapter. W. G. 

AYRSHIRE DISTRICT. 

The strata which are included here as belonging to the Upper 
Old Red Sandstone, were formerly regarded as the lowest member 
of the Oa.rboniferous System, and were so treated in the ~ap an~ 
Memoir (Sheet 22) immediately to the east. Subsequent InVestI
gation, however, has shown that they may more conveniently 
be classed in the older system, the line of demarcation between 
the two series being taken at a tolerably persistent zone of corn
stone which, throughout a large part of the south of Scotland, 
appears to mark the cessation of the peculiar conditions of sedimen
tation in which the strata underlying it were accumulated. 
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The Upper Old Red Sandstone of this district consists of red 
and reddish-grey sandstones, red marls, and conglomerates. Its base 
is nowhere visible, and owing to frequent change of dip its thick
ness here is not easily corilputed. The inclination of the strata is 
tolerably continuous towards S.E. from the north of Ardrossan to 
Ardneil Bay, a distance ofthree miles, and the angle varies from 10° 
to 17°. If no serious faulting occurs there may be a depth of more 
than 2000 feet exposed on the beach without the appearance of 
either the upper or lower portions of the whole series. 

Probably a line of anticlinal axis, possibly, also, a great line of 
dislocation comes to the surface about Farland Head. The strata 
there stand on end, with a nearly north and south strike, but imme
diately to the north they begin to dip towards N. and N.N.E. at high 
angles (300 to 60°) and continue this inclination at lessening angles 
for about two miles. Hence the oldest portions of the whole series 
are probably those exposed on the beach at Farland Hearl and 
Portincross. On the east side of Farland Head thin-bedded, ripple
marked sandstones and red marls appear from under the shingle of 
A~dneil Bay dipping westward at 25°. The strata soon become 
vertical, and have here undergone so much crushing and movement 
as to assume a fissile structure which externally resembles that of 
some of the Highland schists on the opposite side of the Firth. A 
well-marked dolerite dyke passes in an east and west direction 
through the strata at the promontory, and a much smaller dyke, 
running towards N.E., traverses the disturbed zone farther 
west. Pebbly and flaggy red and reddish-grey sandstones, cut by 
an occasional small basalt-dyke, succeed each other to beyond the 
Throughlet, their angle gradually rising northwards to 60°. 
Between the old and the new harbours of Portincross the conglo
meratic sandstones include rounded and subangular pieces of 
different amygdaloidal and porphyritic igneous rocks, possibly 
derived from some of the volcanic ranges of the Lower Old Red 
Sandstone. At the gap of the Throughlet a large dolerite dyke 
descends from the interior to the coast, and has hardened and 
bleached the sandstones on each side of it. 

The shore south of Ardneil Bay affords the most continuous 
section of the Upper Old Red Sandstone in this district. Thin
bedded red sandstones with occasional seams of red sandy marl 
form the lowest visible members ofthe series, and probably belong 
to the same series as the similar strata on the west side of the bay. 
As at Portincross, also, they here pass upward into false-bedded, red 
pebbly sandstones with bands of conglomerate. One of these bands, 
conspicuous on the shore west of Overtonshore, is marked by 
numerous layers and patches of white quartz-pebbles. Their 
marked false-bedding and abundance of fragments of white-quartz 
give these rocks some resemblance to the Triassic sandstones of 
Broadford Bay in Skye. Except for the abundant dykes by which 
they are intersected, the red and reddish-grey sandstones present 
little variety along the rest of the coast to Ardrossan. They may 
be followed from the shore up the courses of the burns. One of 
the best of these inland sections will be found in the Kirkland Glen, 
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in which, from ~nn's Lodge up to Tailorleap Bridge, a distance of 
a mile, a gorge has been exca,'ated in the sandstones and in the 
boulder-clay. 

:No orgm;ic remains have yet been lllet ,vith in any of the strata 
of the Upper Ol<l Red Sand"tone of this district. A. G. 



OHAPTER VI. 

Oarboniferous Formation. 

ARHAX. 

One of the most remarkable results of the geological survey of 
Arran is the restricted area now assigned to the Carboniferous 
rocks which were formerly supposed, to cover a large part of the 
island, and it may be as well before entering into details about 
these strata to remove certain misapprehensions as to their posi
tion, distribution, and thickness. The Carboniferous series, it has 
long been known, is typically developed and best studied along the 
eastern coast, where it forms a narrow strip which stretches for 
about three miles between the Cock and the Fallen Rocks. Its 
thickness here has been much exaggerated from no account having 
been taken of numerous faults by which the strata are repeated. 
A narrow band of the formation, 200 yards in width, also occurs 
on the north shore near the mouth of the burn east ot North 
Newton. This strip lies between two large faults. Along the 
shore at Corrie, Carboniferous strata stretch for two-thirds of a mile, 
with a dip of 20° to 25°, until they are overlapped by the New Red 
Sandstone 250 yards south of the Corrie Hotel. The total thick
ness of the Carboniferous rocks on this shore may be as much 
as 1200 or 1500 feet, inclusivE', as at Laggan, of a volcanic group 
300 or 400 feet thick. Several thin red limestones occur near the 
upper part of the series, but the most prominent members are the 
volcanic group, the thick Corrie limestone, and the white sandstones 
immediately above that bed. It is by these well-marked tands 
that the series can be followed inland and recognised among the 
numerous faults, some of which bring up the Old Red Sandstone 
and confine the Carboniferous rocks to a comparatively narrow 
belt. One of these north-north-west dislocations, with a throw 
greater than the total thickness of the series, shifts the base of the 
volcanic group into the burn north of Maol Donn, and another 
large fault running along the west side of that hill has moved the 
main body of the Carboniferous rocks southward again for more 
than a mile. 'rhe strata reappear in the Clachland Burn, whcnce 
they can be traced to the south-west through the wood, and behind 
Brodick Castle, in a steeply dipping band altogether not more than 
200 to 300 yards in width. Though they disappear under the 
Brodick alluvium, SOllle of the sandstones and shales are visible in 
the Rosie Burn about the bridge, and the white thick sandstones 
are a conspicuous feature about the manse and church. Behind 
the churchyard the thick Corrie limestone was formerly 
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worked. A little farther west a large fault throws the rocks up to 
the hillside where the thick white sandstone forms a marked 
feature, and the limestone immediately below has been worked. 
The Oarboniferous band here is 200 yards wide only, and 
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dips steeply to the south-east; the New 
Red rocks, extremely false-bedded as 
usual, forming the high bank above. 
The volcanic group crops out here and 
there at the base, and the whole series 
can be followed south-west to the Wind
mill Hill, where it becomes entangled 
among intrusive masses of various kinds, 
which, along with faults, have displaced 
the rocks so that they do not occur again 
till the south side of Glen Dubh is 
reached. This locality is more than a 
mile south-east of the Windmill Hill, 
where they were lost sight of. From 
Glen Dubh the Oarboniferous formation 
may be traced in a broken way south
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a' Ohapuill in Sheet 13, being recognie
able by the presence of the volcanic 
group, after the Oorrie limestone has 
been overlapped by the New Red Sand
stone. There is no trace of these rocks 
on the west coast, the Triassic rocks 
reposing directly on the Old Red Sand
stone without the interposition of any 
Oarboniferous strata. 
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DETAILED DESCRIPTJON.-It will be 
advisable to describe the Oorrie shore
section in some detail, as it is easy to 
examine at low water, and is compara
tively little faulted. (See No.1 section, 
Oorrie shore.) From the schoolhouse 
north ward there is exposed on the shore, 
for a distance of 350 yards, the lower 
volcanic series, made up mainly of 
massive lavas, with a thick band of 
coarse volcanic agglomerate at the base 
or northern end. To the north of this 
for a distance of about 35 yards are 
various members of the lower Oarboni

...; 
'a.i'J ferous rocks, including three limestones 
i.i: or cornstones, and below these projects 

. a mass of red conglomerate which is 
the hIghest bed of the Old Red Sandstone. This is the locality 
called the March of A.chag Farm by the older writers. The 
red con&lomerate itself is 50 feet broad at high-water mark, 
but consIderably less at low water, and the junction between it 
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and the Oarboniferous beds is peculiar. A joint 01' crush at the 
shore line, running N.N.E., appears to die out towards the sea, 
or is overlapped by sandstone and limestone, ,,,hich abut aguinst 
a nearly vertical face of the conglomerate, so that this is clearly 
an unconformable junction. This mass of calcareous sandstone and 
pebbly cornstone, several feet thick, may be faulted along a N.N.E. 
line against a few feet of overlying' white sandstone which dips to 
the south-east at 25° to 30°. Above this lies red shale, and then 
comes a nodular cornstolle, abont 15 feet thick, with a red argil
laceous matrix. A gap of a few feet separates this from the uppermost 
cornstone, which is a whitish, irregular, calcareous sandstone some
what mixed with reddish sandstone, and shaly below. It may be 
three feet thick. The 15 yards of distance between this and the base 
of the agglomerate is almost entirely occupied by white sandstone, 
the beds of which dip S.E. at 25° or more, so that it is probably as 
much as 20 feet thick. The whole thickness of strata between the 
volcanic rocks and the conglomerate cannot, however, be more 
than 45 feet. 

The volcanic agglomerate itself is 45 yards in width on the 
shore, and must be 50 feet thick or more. It is a very coarse rock, 
made up of fragments of basic trap, sometimes as much as 6 feet 
in length. The lower beds of the lavas are massive, bluish, and 
fine-grained, and some of the upper are purplish in colour, but the 
whole is similar in composition, being a porphyritic olivine basalt. 
Near the big boulder called OIach an Fhionn, there are very fine 
examples of" pillow" structure in the lava. This mass of Oarboni
ferous lavas, which are certainly contemporary with the sedimen
tary rocks adjacent, is probably 300 feet in thickness. 

South of the school, for a distance of 75 yards, we find sandstones 
and shales that overlie the lavas. The dip is in the same direction 
as before, but only about 20°. Most of the rocks here are of a red 
colour, and the shales are specially so, and some are tuffaceous. 
Among these occurs a thin red limestone from one to two feet in 
thickness. 

We now arrive at a projecting mass of purplish and much
veined trap 10 yards across. This is a lava bed, about 10 feet 
thick, and the last outflow from the old volcano in this locality. 
Above this is a gap of 20 yards or so, probably occupied by shales; 
to which succeed thick beds of white and pinkish stone, which have 
been quarried both on the shore and up the hillside to the west
ward. There is probably a thick mass of red shale above this and 
underlying the Oorrie limestone, but it is poorly exposed on the 
shore. 

The Oorrie limestone, which occupies the old harbour, is pro
bably the equivalent of the Hurlet. It is said to be 20 feet in 
thickness, and is crowded with innumerable specimens of P1'odncfus 
giganteus, well exposed on the under surfaces of many of the beds 
in the old quarry to the westward, which extends for nearly a 
quarter of a mile up the hillside. The beds of limestone are 
separated by thin partings of reddish shale, and from the calcareous 
shale immediately overlying the limestone were obtained by the 
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fossil collector of the survey, Mr. Tait, about 60 species of 
organic remains, which are enumerated in the Appendix. Two 
basic dykes cross the limestone in a N.N.W. direction. One of 
these, just abm'e the old lime-kiln, is 5 feet wide, and the other, 
nearly 50 yards higher up, is 4 feet in width. Several small faults 
also cross the quarry. One of these above the kilns coincides with 
one of the dykes just mentioned, and it throws down east 7 to 8 
feet. A second fault a little farther up, throws down 2 feet to the 
west, and a third fault is down east 3 to 4 feet. Near the top of 
the quarry there is the following section;-

Thick Sandstone, . 
Shale and shaly sandstone, 
Thick sandstone, 
Shale and shaly sandstone (red), 
Limestone, upper bed thick, . 

6 feet. 

3 " 
10 to 12 " 

3 to 5 " 
16 feet visible. 

'rhere are slight calcareous shale partings where Producti are 
very numerous. 

BetweOl1 the two upper faults the hew'ing above the limestone 
is much less, being only 10 to 15 feet, but east of this there is 
probably 30 feet of sandstone and shale in the artificial cliff above 
the limestone. The two shale bands are variable, but the inter
mediate sandstone is not so thick and massive as near the top of 
the quarry, while 10-12 feet of the upper sandstone appears. 

Headrick (op. cit. p. 344) give;;; some analyses of limestone at 
Oorrie, from which it appears that the proportion of carbonate of 
lime varies from 90~- to 97 per cent. He also gives the following 
for South Ourrie Quarry;-

Oarbonate of Lime, 
Olay, 

'l'his is probably the old quarry at An Sgriob, north of .Maol Donn, 
which is in the same bed as the Oorrie Quarry, and which has also 
yielded a numerous suite of fossils. The beds between the Oorrie 
limestone and the Index limestone are well exposed on the shore 
tor 220 yards south of the olel harbour, and consist mainly of 
alternations of thick white sandstones and flags, with occasional 
shale bands. The dip continues much the same in amount and 
direction, 20C> to 30C> towards the S.E. The sandstones have been 
much quarried for building material in the wood above the houses, 
aud at the landing place. There is an ironstone band in one place, 
and fireclays, such as often underlie coal seams, occur, but there 
are no coals, though we are on the h(lrillon of the coals worked at 
the north end of the island near the Oock. There are traces of coal 
plants however. The thickness of this part of the series must be 
about 250 feet. 

A thin red limestone with ProduGtus latissimus occurs about 25 
yards south of the Ferry rock, and not far to the south of it occur 
two others, as in the following section in descending order:-
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3 .... Red limestone in one place, 1 foot thick. 
Shale and sandstone, some of the 

sandstone fine and like gannister, about 20 feet. 
2. Red limestone, 1 foot. 

Shale, red, . 7 to 8 feet. 
1. Red limestone, . . 2 to 3 feet. 

Shale, argillaceous, red and mottled sandstone, 5 feet. 

No. 1 of this section is the Index or P1"Od~Wt~lS latissim~(s limestone 
(Loc. 26). No. 2 is in the locality lists describec1 as a ferruginous 
band with many gasteropods (Loc. 27), anc1 No.3 banc1, which also is 
a Prod~wtus latissimus limestone, is locality 28. The fossils collected 
from Nos. 1 and 3 are pretty numerous, and will be given in the 
Appenc1ix. We give here only those from No. 2 band. 

Lingula squamiformis. 
Pectens.p. 
Aclisina el()ngata. 

" striatula. 
Dentalium ingens. 
Macrocheilus acntns. 

l'IIacrocheilus imbricatns. 
Metoptonm elliptica. 
Murchisonia allgulata. 

" quadricarillata. 
Strepsodus striatulus. 

There are numerous small faults about this part of the shore which 
in the main run parallel to the coast-line, crossing the beds nearly 
at right angles, and shifting their outcrops again and again for a few 
feet. A mass of sandstone now projects into the sea, and south of 
this, in front of the hotel, is a little bay in which occur two or three 
thin red limestones, from one to two feet thick, which are probably 
separated by shale, but the section is not clear. To the south of 
this bay there is a mass of sandstone with irregular shale bands. 
One of the shale bands, 8-10 feet thick at the shore-line, gradually 
thins away seaward, till at low-water mark it has almost c1isappeared. 
The thick sandstone underlies a mass of red and mottled clays, red 
and purplish shales, with occasional thin sandstones which occupy 
the larger bay south of the hotel. The beds in this bay are classed 
with the Coal Measures as they contain organic remains of 
Upper Carboniferous facies, but they and the equivalent beds else
where may possibly be Millstone Grit. About 25 yarc1s south of 
the northern boundary of Cromla gardens, and near high-water 
mark, there was obtainec1 a specimen of Nenropte1'is gigcmtea, and 
opposite the Cromla House the beds yielc1ed Lepidodend1'on sp., 
Oarbonicola acuta, 0. aquilina, Kaiadites modiolaris. 

These Coal-measure strata also crop out in the lower part of 
Locherim Burn 200 yards from the sea, where in fine rec1 shale 15 
yards from the faulted New Red junction there were obtained:-

l\1ariopteris muricata. 
Nenropteris heterophylla. 
Carboni cola acuta. 

Carbonicola aquilina. 
Myalina sp. (1 Verneuili.) 
N aiadites sp. 

Another locality near Corrie where these bec1s occur is on the north
west side of the Maol Donn cliff. In red sandy shale above the 
limestones were found :-

Artisia(Sternbergia) approximata. 
Calamites ramosns. 

" sp. 

N europteris gigantea. 
" sp. 

Stigmaria sp. 
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There IS another fossiliferous band up the Locherim Burn the 
existence of ,yhich was first made known by Prof. W. Ivison 
Macadam,* but it is in the Upper Limestone Series some 330 yds. 
from the sea, n'here the stream forks at a waterfall, and it is separated 
by a fault from the Coal-measure strata previously mentioned. 
Alternations of shale and sandstone occur with a thin limestone 
band. The beas above the limestone yielded the following plants 
to the Geological Survey Collectors :-

Asterocalamites scrobiculatus. 
Carpolithes sulcata. 
Lepidodendron yeltheimianum. 
Lepidostrobus sp. 

Rhodea sp. 
Sigillaria Taylori. 
Sphenopteridium dissectum. 
Stigmaria. 

and the limestone ana calcareous shale band underlying the plant 
bed afforded :-

Orthis resupinata. 
Orthotetes crenistria. 
Productus sp. 
Allorisma sulcata. 
Edmondia unioniformis. 
Myalina Verneuili. 

s.p. 

Nucula gibbosa. 
Nuculana attenuata. 
Protoschizodus axiniformis. 

" obliquus. 
Bellerophon sp. 
Macrocheilus canaliculatus. 

In the Merkland Burn about three-quarters of a mile north of 
Brodick Castle there is a pretty continuous outcrop of the 
Carboniferous rocks, except that the section is obscured where the 
Corrie limestone shoula appea,r. The thick sandstones above it 
appear, and lower down the burn two of the Upper Limestones. 
From the lowest of these were collected :-

Crinoid ossicles. 
Athyris ambigua. 

" Roysi? 
Lingula mytiloides. 
Streptorhynchus crenistria. 
Productus costatus. 

longispinus. 
semireticulatus. 

Spirifera glabra ? 
Allorisma sulcata. 
Edmondia Josepha. 
Lithodomus lingualis. 
Nucula sp. 
Pecten Sower byi. 
Orthoceras sp. 

The limestone a few yards still lower down the stream yielded 
Producfll8 lntissimns. The more shaly beds still further down the 
stream are similar to the highest beds on thf\ Corrie shore, and from 
them ,yere obtained the following Coal-measure forms :-

Anthracomy~, modiolaris? I 
Carbollicola acuta. 

" "Yar. rhomboidalis. 
Naiadites quadratus. 

Naiadites, periostracum of. 
Megalichthys Hibberti. 
Rhizodopsis sauroides. 

The same beds in a parallel burn nearly a quarter of a mile to the 
south-west of this gave Carbonicola acuta, C. aquilina, Rhizodopsis sp. 
All these beds have a steep dip to the E.S.E., and the dip increases 
towards Brodick Castle. The Corrie limestone was at one time quarried 
at the edge of the wood about half a mile north of the Castle, 

* ~ee his paper entitled " Notice of a Now Fossiliferous Bed in the Island of Arran." 
Trans. Geol. Soc. Edin., vol. v., p. 316. 
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and there are traces of small limestone quarries west of the Castle. 
In the Sawmill stream 300 yds. S.W. of the Castle the beds are 
practically vertical. Here, a few yards above a foot-bridge, were 
collected the following :-

Prodllctus latissimus. 
" sp. 

Edmondia Josepha. 
Nuculana attenuata. 
Parallelodon Geinitzi. 
Pecten dissimilis. 

" sp. 
Bellerophon decussatus. 

Bellerophon Urei. 
Euomphalus sp. 
Loxonema rugiferum. 

" scalaroideum. 
Natica sp. 
Pleurotomaria sp. 
Orthoceras sp. 

They must belong to the Upper Limestone Series. In the mill
lade Lingula squanl;iformis was found. Shelly ironstone bands 
associated with shales and sandstones are found in the Rosie Burn 
on either side the bridge near Brodick Manse, and from one of 
these, a few yards aboye the bridge, a "musselband ironstone," 
there were obtained a Lycopod branch and a species of Oarbonicola. 
Here we have the Coal Measures again. 

The Corrie limestone was formerly quarried north-west of the 
church, just beyond the boundary wall of the kirkyard ; and on the 
hillside a quarter of a mile S.E. of the String Road and half a mile 
and upwards west of the wood. The beds are nearly vertical in both 
localities and they yielded Productus giganteus. The Carboniferous 
rocks here have diminished to a band not more than 600 feet in 
thickness, and yet we have the Coal Measures above and the 
volcanic series below; bnt there is no trace in Glen Shurig of the 
Upper Limestones. We find a portion of the formation entangled 
in the intrusive masses of Windmill Hill and nearly dividing it 
into two. In a little gully nearly in the centre of the north side of 
this hill there is a section in sedimentary beds. The lowest part 
of the exposure contains a few feet of sandy shale, and above these 
there are several feet of rather thick yellowish sandstone, which 
dips south-east about 30°. Higher up dykes of felsite and basalt 
render the section somewhat confusing, but after passing these we 
find much red sandstone, thin-bedded and shattered, dipping like 
the beds below but at a higher angle; and still higher up some 
pebbly sandstone which is not red, but is not well exposed. The 
lower part of the section is certainly part of the Carboniferous, and 
probably the whole is. Near the highest part of the hill on the 
crags overlooking Glen Ormidale is a mass of red Carboniferous 
shale dipping steeply to the N.N.W. It contains some veins of 
calcite, and is a very conspicuous object when viewed from the high 
ground to the south, the colour of it being strongly contrasted 
with the light-coloured, intrusive quartz-felsite. It is certainly a 
portion of the cement-stone series. 

By the disruptive action of igneous rocks and of faults the 
Carboniferous rocks are shifted more than a mile to the southward, 
and next occur on the south side of Gleann Dubh above a wood 
and north of a fine set of scar~ called Creag nam Fitheach. They 
form a triangular area bounded on the east and west by faults. 
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That on the east side throws down against them the Triassic sand
stoues and conglomerates of Creag nam Fitheach; that on the west 
brings up the Upper Old Red Sandstone. The volcanic series of 
the Carboniferous, dipping southward at angles of 25°-30°, rests on 
the Upper Old Red beds at the top of the wood. In the southern 
angle of the triangle massiye white sandstone, which probably 
overlies the Corrie limestone, is seen, but the limestone itself does 
not crop out, and no other beds are to be observed. N ear the west
end of Oreag nam Fitheach another and still smaller Carboniferous 
patch occurs which is faulted on either side, but no other rock is 
visible than the volcanic zone. 

South of this small isolated patch and beyond Brisderg, two 
other detached areas of Oarboniferous rocks occur in Benlister 
Glen, on either side of a synclinal, the centre of which is occupied 
by Trias. It would seem that the uncollformability between the 
two formations is more marked here than in any other part of the 
island yet described, for in one place beds containing plants and 
animals of Ooal Measure a!;re occur, while elsewhere the New Red 
rocks rest directly upon the Oorrie limestone or even overlap that 
bed and repose on the shales belOiY. On the western side of 
the synclinal the Oorrie limestone may be seen at Benlister Burn, 
nearly half a mile S.S.W. from Brisderg. It appears to be repeated 
by a fault on the north side of the burn, but must be several feet 
in thickness, and from it has been collected nmnerous fossils, for 
which \ye refer the reader to the Appendix. Among them are six 
species of Productlls. se\~eral of Spirifera and Spirife?·ina, and other 
well-lmOiyn Carboniferous forms. This limestone is overlain by 
Triassic sandstone and conglomerate, \"hile a few yards away, on 
the south side of the burn, the conglomerate rests immediately on 
red 8haly clay, and the limestone has disappeared. However, nearly 
300 yards farther to the south~west the Prodw:,tus limestone appears 
again for a short distance, but in a very attenuated form (only 3 
fer;t thick) under the conglomerate, but not immediately, and over
Ipng a thick series of red shales and clays, with a few thin tuffaceous 
bands. The dip is high, being 50o~60° towards the south-east, and 
to the ,,~esbntrd comes on the \~olcanic zone which underlies the 
red shales. All these rocks are much pierced by acid and basic 
(ld~es . 

. On the ea~tern side of the synclinal the limestoue appears in the 
southern bank of a slllall burn 400 yards due south of Brisderg. 
It ~s of considerable thickness, and is overlain by several feet of 
\\"lnte block~~ sandstone, on which rests the Triassic conglomerate. 
To the \yeshyarG the conglomerate appears to overlap both the sand
stone and limestone, and rests immediately on the red shales 
belmy. The greater part of the small yalley to the eastward seems 
to be occupied by these red shales, though not many sections 
occur in them, mying to a thick deposit of drift, and the Triassic 
conglomerate appears to form the feature on the west side, which 
runs southward to a waterfall in the Benlister Burn, where it dips 
westward. No limestone here appears below the conglomerate, 
though red shales and sandstone, probably of Carboniferous age, are 
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visible, dipping westward at 35°. However, by following the base 
ofthe conglomerate we come, some 200 yards to the south,,'ard, upon 
the limestone again, with the usual Producius gigantel(s and Monti
wlipora t1lmida, where a small stream occurs. The rocks lJere are 
much disturbed however. Lower down the main stream below a fall 
called Eas Geal (white water), at the bend of the stream there occur 
some shales and sandstones of a red colour, with a bed of shelly 
ironstone, dipping steeply to the south-east. This locality is 2t 
miles west of Lamlash Bay, and half a mile S.S.E. from Brisderg. 
These beds have yielded Ooal-measure forms like those of Oorrie, 
etc. There were collected here-

Calamites Suckowii. 
" sp. 

Carbonicola acuta. 

:Edmondia Josepha? 
N aiadites crassus ? 

These rocks on the west side appear to be faulted against the con
temporaneous volcanic zone elsewhere described (see latter part of 
this chapter), and on the east they are thrown against Triassic 
rocks by a large fault which passes east of Brisderg. Another 
fault with a throw in the opposite direction passes 'west of Brisderg, 
and brings down the Triassic rocks on that side against the Lower 
Oarboniferous zone, which is also bounded on the south side by a 
fault running eastward, throwing the red shale down against the 
traps. 

LAGGAN SECTION OF THE OARBONIFEROUS FOKHATION.-This 

stretches along the north-eastern shore of Arran, from the Fallen 
Rocks near Oorloch for a distance of 3t miles to within 600 yards 
of the Oock of Arran. The shepherd's house at Laggan is 2 miles 
from the Fallen Rocks, while Millstone Point is a like distance from 
the northern end of the strip, the length of which, however, is only 
3k miles, as the coast-line is not straight. The width of the strip 
varies, but in general is not more than a quarter of a mile; it widens 
to half a mile at Oock Farm, but in two places south of Millstone 
Point it does not exceed 200 yards. 

The dip is everywhere high, and nearly in the same direction; 
lowest at the north end, where it is about 30°, but for the greater 
part of the distance it is 40° or 50°, and even 60° in places. 
This high dip suggests an enormous thickness of beds, but it must 
be remembered that the general dip is in a direction to the east of 
north, while the trend of the coast is about 40° north of west, and 
is only 30 and 40 degrees removed from the general "trike of the 
beds. In fact, there are parts of the coast-line where its direction 
coincides very nearly with the strike for some distance. In addition 
to this consideration it must be borne in mind that there are 
several large faults, especially in the lower part of the section, 
which repeat many hundred feet of the strata. Still, there is no 
doubt that we have here a much greater development of Oarboni
ferous rocks than we have at Oorrie; probably the thickness of the 
whole is twice as great, and if we confine our attention to the 
sedimentary beds alone the disproportion is still greater. The in
creased thickness is not confined to one part of the section. All 
the limestones are thicker than they are at Oorrie, and they are 
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more in number-there are coals which are absent at Corrie, and 
naturally there is a much grea~er development of sandstone and 
shale. The following is a comparative estimate of the thicknesses 
of the various subdi"isons in the two sections:-

CORRIE. LAGGAN. 
Coal-measures . 150 feet. 250 feet. 
Limestone Series. . . . . 425 750 

" 275 
" 575 

" 75 " 700 
" 

Calciferous Sandstone Series above ana: { 
below traps. . . . 

925 
" 2275 

" Add thickness of Volcanic Series 450 
" 375 

" 
1375 " 2650 

" 
The greatest difference is in the thickness of that part of the 

Oalciferous sandstone series below the volcanic zone, which is less 
than 100 feet at Oorrie contrasted with 700 feet in the Laggan 
section. It has been suggested that the trap at Oorrie is a great 
dyke which conceals a very large fault, and that this accounts for the 
differences be tween the two sections; but the fault at Oorrie, if 
it existed, would not explain why we have increased thicknesses 
at Laggan in all the sedimentary beds. Besides, we know that 
the thinning of the Oarboniferous beds at Oorrie as compared with 
those at Laggan is continued southward, so that in the neighbour
h00d of Brodick Oastle and in Glen Shurig the total thickness is 
about 600 feet. 

Some three hundred yards south of the Fallen Rocks the corn
stone base of the Oarboniferous rocks occurs in two places separated 
by a small fault. The cornstone is pebbly and adheres to the con
glomerate below in an unconformable manner, like that described 
in the junction north of Oorrie. This is separated by a considerable 
north-trending fault with a downthrow eastward from the main 
mass of the Oarboniferous section which commences on the north 
side of the Fallen Rocks. The beds here have a fairly steady dip of 
30°-40° to the northward, often inclining east of north sometimes 
as much as 15° or 2Uo. There are two cornstones of the usual 
light-coloured concretionary character, which are sometimes pebbly, 
and irregular in thickness. They are separated by a few feet of 
sandstone. There succeed to the northward a series of red clays 
with some lenticular calC'areous bands, and red sandstone with 
quartz-pebbles. These are bounded on the north by a fault which 
crosses the foreshore in an easterly direction, and throws down on 
the north an alternating series of grey shales, thin sandstones, and 
calcareous bands. Among these Mr. James Thompson* discovered 
a brecciated or tuffaceous rock from which he obtained remains of 
plants and fish. At this locality, about 300 yards north of the }1'allen 
Roc~s, Mr. Tait, the collector for the survey, obtained the following 
speC18s:-

Cordaites sp. 
Fern rachis. 
Sphenopteris sp. 
Pal::eoniscid scales, (indet.) 
Rhizodus Hibberti. 

Rhizodus ornatus. 
Strepsodus stl'iatulus. 
Fish-head plate. 
Various bones and platE'S, (indet. 

* See his paper in Tram. Geol. Soc. Glasgow, vol. xi., pp. 12-30. 
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Above these grey beds there come about 150 feet of an alternating 
set of white sandstones and red clays or shales, the clays containing 
several small, lenticular cornstone bands, the uppermost of which 
are fairly good continuous limestones, 1-2 feet thick, of the same 
character as the basal cornstones. These beds are surmounted by 
thick-bedded white sandstone, which continues for but a short 
distance, and then the section is lost for several hundred yard s. Some 
200 yards, however, beyond the most northerly Laggantuin Burn, 
white sandstones, with a northerly dip of 60 0 appear in the old sea
cliff, and these strongly resemble the pebbly sandstones of Millstone 
Point, a long way to the northward. In fact, there is not much doubt 
this is their position in the Eeries. To the west of these is a large 
fault with a downthrow east of seyeral hundred feet. On the 
west side of this the upper beds of the Old Red Sandstone, and all 
the lowest beds of the Carboniferous, including the cornstones, are 
exposed in a precipit,ous hill. The fault runs northward along the 
east side of of this hill, but on reaching the shore it, or a branch 
of it, nms along the foreshore in a north-west direction for 250 
yards and then passes out to sea. On the inner side of this fault, 
along the foreshore, we again come upon the Millstone Point grits, 
but we do not find a continuous section up to the base of the 
volcanic series, for the beds immediately underlying that series are 
cut out by two parallel faults along the strike. Nearly a mile 
from the Fallen Rocks there is exposed on the shore a good section 
of the volcanic series, consisting of alternations of basic lavas with 
coarse and fine tuffs, the whole amounting in thickness to between 
350 and 400 feet. These, which are elsewhere described tn some 
detail (see latter part of this chapter), oecupy the shore for a distance 
of over 200 yards, dipping steeply northward at 50 0 to 60°, but they 
do not appear in the old sea-cliff to the west, being cut off on that 
side by a large fault which runs in a northerly direction across the 
foreshore. This brings up again the beds below the t,rap, which 
are seen at intervals on the shore, the highest beds being grey 
cement-stones like those underlying the trap near Laggan. Above 
these comes a portion of the volcanic series again, which is bounded 
on the west by another large fault bringing up against it sandstones 
and shales of a much lo"wer horizon. 

To the northward come white sandstones, some of which are 
coarse, alternating with red shale and clay bands, and in one place 
some cement-stones and grey beds. These continue as far as the 
bay, south of Millstone Point, where there is a gap in the section. 
The rocks, however, are almost continuously exposed on the hillside 
to the south of this bay, and there can be no iloubt what eyer about 
the general order of snccession. The dip is almost everywhere to 
the east of north, and between 50° and 60°. On the north side of 
the little stream called the Garbh AlIt, white pebbly grits are well 
exposed at Millstone Point. In places the quartz-pebbles in the 
rock are large, some being as much as four inches in length. We 
cross a small and unimportant fault, and pass upward into alternations 
of white sandstone and dark shale with traces of coal. These are 
succeeded by grey sandstones and blue and grey cement-stolles 
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alternating with thin tuff bands, and in the upper part with two thin 
beds of lava. This is the spot, some 750 yards south-east of Laggan 
cottage, \yhere :JIr. E. A. Wunsch discovered trees and plant-remains, 
imbedded in trappe an ash*, in the year 1865. It is interesting to 
note that these plant-remains, which are accompanied in this 
locality by thin coal-seams, occur on the same geological horizon 
as the coal \yhich was formerly worked at Ambrisbeg, and at Ascog 
in the island of Eute, but in no other place ,yithin this sheet is a 
coal known to occur at the base of the volcanic series. 

The follOlying list of fossils was obtained from 750 yards south
east of Laggan cottage:-

Lepidophloios wiinschianus. 
" sp. 

Sphenopteris sp. 
Stigmaria. 

Rhacopteris sp. 
Sphenopteris (Rhoclea) morayica. 

patentissima. 

Allorisma sulcata. 
Edmondia pentonensis. 
Sedgwickia gigantea. 

These beds, which dip at a somewhat less angle, viz., from 35° to 40° 
are succeeded by the principal mass of trap, elsewhere described 
(see latter part of this chapter), and above this there is a thin 
cement-stone series again, alternating bands of grey beds, shales, 
cornstones. and sandstones with some tuffaceous bands. A thick 
series of blocky sandstones (white), alternating ,yith thin bands of 
red shale, forms marked features west of the shepherd's house, and 
these continue till we reach the Corrie or H urlet limestone, nearly 
250 yards north-west of the house. 

FI~om a place 100 yards south-east of the cottage Sphenopteris 
crassa and another species (Rhodea?) of Sphenopteris were obtained, 
and a few yards north of the cottage Sjlhenopteris (cmssa L. and 
II. ?) and a species of Stigmn1"ia. 

The main or Hurlet limestone is here considerably thicker 
than else,yhere in the island, and is overlain at some distance by 
two other dark calcareous bands which are not represented at Corrie, 
and may be the equivalents of the Hosie limestone. The highest 
of these three limestones occurs nearly a quarter of a mile north
'vest of the shepherd's house, at a point where the shore-line bends 
westwards, and coincides with the strike of the beds. The section 
of these three limestones is as follows, in descending order :-

Black, hard calcareous shale and shaly limestone 
'Yhite sandstone, some of it coarse and pebbly. . 
Black, hard calcareous shale with limestone in middle 
Coarse sandstone with a little black shale . . 
Thick Corrie limestone with calcareous shale below 
Blocky sandstone 

10-12 feet. 
60 feet about. 
10-12 feet. 
30 feet. 
35 fcct. 

These beds all dip northward at 40°. All the limestone con
tains many fossils, and lists of the collections made from the three 
separate b"eds ,yin be found in the Appendix. A fault trending 
north with a dOiynthrow ,Yest crosses these limestones, the lowest 
of which can be traced as far as the footpath to the westward, but 
beyond this it is unknown. On the shore where the coast-line 
again trends N.W. there is a pretty example of a sharp syncline in 

* :::iee his p~per in Trans. Geog. Soc. Glasgow, vol. iL, p. 97, and Geo!. lIIag. iv., 551. 
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sandstone with thin, dark shale bands. This extends for about 50 
yards, and appears to be bounded by a N.E. fault. North of this 
the dip increases from 30° to 60°. The rocks are mostly sand
stones with some bands of black shale and flags, and in one place 
there is a thin ironstone. South of the ruins of the old salt 
pans we come upon the crop of the coal or coals worked on this 
coast, and which have no representatives at Corrie. The coal was 
worked here upwards of a century ago, and there have been some
what different accounts given of it. All agree, however, that it 
was a kind of blind or glance coal, which burned without much 
smoke or flame-an anthracite in fact. Headrick, who first 
described these workings* in detail, states-" there are three or four 
seams of coal running parallel from north to south; the principal 
or main seam being 14 feet in thickness," but this statement is 
hardly credible, especially when compared with an account of a 
working which he got from a Mr. Cowie who had wrought the 
coal. Mr. Cowie's description was as follows :-" The seam of 
coal at the Cock of Arran, wrought by James Cowie, is first about 
ten inches, then eight or ten inches of a dauchy till, then twenty 
inches of coal . . . . . the till between the two seams of coal 
seems to burn lime." The dauch or till was always mixed with the 
blind coal in burning lime. It seemed to kindle more readily than 
the coal; and the only difference was that the dauch always left a 
large g1Lest (cinder), whereas the coal burnt into a fine white ash of 
very small quantity. The thicknesses above given are very much 
less than 14 feet, when added together, and in fact do not amount 
to 4 feet, which thickness we may confidently give as the utmost it 
attained. Two outcrops have been traced, but it seemed probable 
these were two sets of workings in one and the same coal separated 
by a fault. N ear the salt pans Lepidodendron veltheimianum (?) was 
collected, and 140 yards N.W. of the old ruins there is a hard, 
brown weathering, argillaceous limestone in the position apparently 
of the Index or Productus latissimus limestone. 'l'his bed appears to 
be five or six: feet in thickness, and has yielded the following forms:-

Arch::eocidaris Urei. 
Retepora undata. 
Lingula mytiloides. 

" squamiformis. I 

Streptorhynchus crenistria. 
Productus latissimus? 
Gasteropod, small. 

The section above this is a good deal obscured, but some 70 yards 
farther along shore, where the dip is N.W. at 509 or 60 Q , there is 
obscurely seen a thin band of dark-coloured limestone associated with 
hematite bands. This yielded the following list :-Oamarophoria sp., 
Sb'eptorhynchus crenistria, Bellerophon Urei. Some 450 yards, or a 
quarter of a mile N.W. of the salt pans, in a small bay, are tesselated 
ferruginous beds with an ironstone band where were collected :-

Productus giganteus. Nuculana attenuata. 
Rhnychonella pleurodon. Pecten knockonniensis. 
Edmondia sp. Protoschizodus axiniformis. 
Entolium Sowerbyi. Sanguinolites tricostatus. 
Myalina Verneuili. Bellerophon hiulcus. 

" sp. " U rei. 
Nucula gibbosa. Orthoceras annulare. 

See his" View of the Mineralogy, etc., of tho leland of Amen," pp. 212-219 (1807). 
D 
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At the same spot in bands oyerlying the ironstone were col
lected :-

Allorisma sulcata. 
Edmondia rudis. 
Entoliulll (young). 
Nucula gibbosa. 
Nuculana attenuata. 

Pecten (Streblopteria) loovigata. 
Bellerophon U rei. 
Orthoceras sp. 
Cladodus striatus. 

The beds here dip northward at 20Q-25°. Beyond these we pass 
over an altE'rnating series of sandstones and clays on to a thick 
blocky sandstone which forms a kind of headland. The coast now 
trends more westerly, and we soon come upon a fault running at 
right angles to the shore which throws dmyn on the east 20 to 30 
feet. BE'yond this we get a portion of the beds repeated, and soon we 
arriYe at a red limestone in ,vhich Pl'oduct'Us latissimus is abundant. 
This is more than a quarter of a mile south-east of the j unction with 
the New Red rocks. It is bounded by a fault on the west side, 
which must be an upcast to the east, and is apparently some 15 
feAt in thicknE'ss. It has yielded .-

:1IIonticulipora tum ida. 
Zaphrentis sp. 
Arclueociclaris U rei. 
Crinoid stems. 
Fenestella sp. 
Athyris ambigua. 
Chonetes laguessiana. 
Orthis resupinata. 
Strcptorhynchus crenistria. 
Productus costatus. 

Productus latissimus. 
longispinus. 
semireticulatus. 

" sp. 
Spiriff)m triradialis. 
Spiriferina crista ta val'. octo

plicata. 
Phillipsia Eichwaldi var. muc

ronata. 

Nearly 100 yards west from this spot and 375 yards S.E. of the 
Ne,y Red junction occurs a thin" cephalopod limestone " about 2 
feet in thickness, ,Yhich yielded :-

Athyris sp. 
Orthis resupinata. 
Streptorhynchus crenistria. 
Productus giganteus_ 

" sp. 
Spirifel'a trigonalis 'oar. bisulcata. 

Spirifera lineata. 
Nautilus (Acantha-nautilus) bis

pinosus. 
Nautilus (Pleura-nautilus) nadi

ferus. 
Nautilus sp. 

A few yards ,,-est of this, in bands overlying the cephalopod lime
stone and 365 yards S.E. ofthe New Red junction, there were got:-

Streptorhynchus crenistria. 
Productus giganteus ? 

Spiriiera ? 
costatus ,oar. muricatus. 

Terehratula. 
Nucula gibbasa. 
Nuculana attenuata. 
Orthoceras s p. 

A few yards farther west and 350 yds. S.E. of the New Red rocks, 
there ,,,ere collected :-

Carhonicola sp. 
Edmonclia. 
Nucub acuta. 

Nuculana attenuata. 
Sanguinali tes clavus? 
Salenopsis minor. 

Above these beds comes a brecciated-looking limestone of consider
able thickness, which is repeated by a fault ranging N.N.E. This 
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only yielded Lithostrotion Portlocki. It has been called the Coral 
limestone. 

Some of the upper limestones crop out on the hillside a quarter 
of a mile west of Cock Farm, and from one of these were 
obtained :-

Alveolites depressa. 
Crinoid stems. 
Streptorhynchus crenistria. 
Productus latissimus. 

Brachymetopus ouralicus. 
Allorisma sulcata. 
Myalina Verneuili. 

and a thin limestone occurs in the faulted strip of AlIt Mol' 
between North Newton and the Cock of Arran, which yielded 
Crinoid ossicles, OTthis resl&pinatc&, and a species of Prodttcins. 

Above the Coral limestone on the shore the beds consist 
largely of shales and red clays, with some rough and irregular 
sandstones. The highest marine band noticed was 100 yards S.E. 
of the New Red junction, and here were obtained:-

Crinoid ossicles. 
Lingula mytiloides. 
Streptorhynchus crenistria. 
Productus fimbriatus ? 

muricatus? 

Productus sp. 
Spirifera glabra. 

" trigonalis. 
Lamellibranch. 
Bellerophon Urei. 

Coal-measure plants were obtained from a spot 72 yard,> south-east 
of the New Red rocks:-

Calamites sp. 
Cordaites principalis. 

Lepidostrobus ? 

A longer and more important list was collected from a locality 20 
yards S.E. of the New Red junction, and these are the following:-

Calamites ramosus. 
" varians. 

Cordaites principalis. 
Mariopteris muricata. 

N europteris gigantea. 
" sp. 

Sphenophyllum myriophyllum. 
" sp. 

NORTH NEWTON-UNCONFORMABLE SECTION.-This remarkable 
junction of schists and newer rocks has often been described. It 
seems to have first been noticed by the celebrated James Hutton 
in the year 1785, and his description of it appears first in the 
3rd volume of his" Theorv of the Earth," which has remained in 
MS. till edited by Sir Archibald Geikie in 1899.* It may be worth 
while to quote a part of this description :-"Lochranza, at the north 
end of the island, is properly within the alpine schistus ; but, in trac
ing the shore, upon the east side of the loch or bay, we come to the 
extremity of this schistus district. Here the first thing that occurs 
is the immediate junction of the inclined strata: ?f schistus and 
the other strata, which here appear to be a composltlOn of sandstone 
and limestone; these strata are equally inclined with the schistus, 
but in the opposite direction. Those two different kinds of stratified 
bodies rise to meet each other; they are somewhat confused at the 
immediate junction; but some of the sandstone or calcareous strata 

See" Theory of the Earth, with Proofs and Illustration.," by James Uutton, vol. 
iii., p. 235. Editerl by Sir A. Geikie. 
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overlap the ends of the alpine schistus." Hutton made a drawing 
of the junction, which has been lost. Its place is supplied in the 
volume by a sketch from Sir A. Geikie. These .beds of red and 
yellowish sandstone with lenticula]' calcareous bands, and distinct 
beds of white cornstone, we refer to the base of the Carboniferous 
formation. They stretch along the shore for nearly 400 yards, and 
project nearly halfway across the raised beach. At the south end 
they dip N.N.\V. at 30°, and at the north end W.N.W. at 25°, so 
that the strike describes a cur\'e of 45°. rrhe schists on which they 
rest unconformably dip S.S.E. at 40°. (See Plate V.) 

CATACOL CAIR~.-The coping of the wall in front of the police 
station, Lochranza, near the pier, is made of white Carboniferous free
stone collected on the foreshore nearly a quarter of a mile north of 
Catacol, and the coping of the wall round the most easterly house in 
Catacol is from the same locality and ofthe same character. At first 
it seemed possible the materials might have been derived from 
ballast blocks or from scattered boulders on the shore, but on 
examining the ridge below high-water mark (called a "cairn "), 
whence the stones were obtained, it was found there were still 
remaining numerous large and not rounded blocks of the white 
Carboniferous sandstone, and also many blocks of red fossiliferous 
limestone belonging to the same formation. The sandstone blocks 
are much too large to have been used for ballast, and if there is not 
an outcrop of Carboniferous rock near, the ridge must be regarded 
as a kind of moraine. But the latter explanation does not appeal' 
very probable when we consider that the neal'est place where rocks 
of this kind occur in situ is more than two miles away to the east 
of North Newton. It seems more likely that the blocks have been 
cast up by storms from an outcrop not far away, beneath the sea. 

There are many limestone blocks in the old dyke by the road
side between Catacol village and the bridge over Catacol Burn, 
which must also have been derived from the foreshore. 

lHr. D. Tait, the fossil-collector of the survey, has obtained the 
following suite of organic remains from the limestone blocks of 
the" cairn," and these were examined and named by Mr. B. N. 
P?ach. The fossils apparently may all belong to the Upper 
LImestone group of the Oarboniferous formation, and this lends 
support to the view that they have come from rocks in situ at a 
short distance. 

FOSSILS FROM LOOSE LIMESTONE BLOCKS CAST ASHORE AT 
"THE CAIRN" BETWEEN TIDE MARKS NEAR t MILE 

NORTH OF THE VILLAGE OF CATACOL. 

Coral, rugose (Zaphrentis?). 
Lithostrotion Portlocki. 
Crinoid stems. 
Phillipsia Eichwaldi. 
Retepora sp. 
Athyris ambigua. 
Lingula squamiformis. 
Orthis resupinata. 
Productus cora. 

Productus giganteus. 
" latissimus (abundant). 
" semireticulatus. 

Spirifera bisulcata. 
" trigonalis. 

A viculopecten interstitialis. 
Nucula gibbosa. 
Discoceras (Discites) cariniferum. 



PlateV. 

Unconformability. North Newton Shore, North-East of Loch Ranza, Arran. The gently dipping 
cornstones and sandstones of Lower Carboniferous age repose unconformably on the Highland 
Schists, which are highly inclined and dip in a contrary direction. These last appear in the 

lower left hand corner. 
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BUTE AXD THE Cell1BRAES. 

The Carboniferous rocks of Bute and the Cum braes belong to 
the lower part of the Calciferous Sandstone division. 

LITTLE CUl\1BRAE. 

On the eastern side of the island sandstones which appear to be 
interbedded with the lower part of the volcanic series crop out. 
A rough. reddish sandstone is yisible at low water on the eastern 
side of Oastle Island dipping westward under the bed of trap that 
forms the island, and much jointed, roughly-bedded sandstone crops 
out in several places south of the houses on the main island. It is 
mostly of a reddish tinge, but the upper beds, which dip westwards 
at 10° to 12° under the main mass of the lavas, are whitish in 
colour. 

GREAT CUMBRAE. 

In this larger island the Lower Carboniferous rocks occupy a con
siderable area on the north side of Millport Bay, and the larger 
islands in the bay are formed of sandstones of the series. The; 
lowest bed, which is a white cornstone, follows a curved line front 
Doughend Hole round to Ballykellet, nearly parallel to the curv~ 
of the bay on its northern side. This has already been described 
as the upper boundary of the Old Red Sandstone. . 

The rocks generally consist of white sandstones and red clays or 
shales, with occasional bands of conglomerate and some white corn
stones. There are not many exposures in the interior of the island, 
except to the west of Ballykellet, and the best sections are along 
the coast from Doughend Hole southward to Portachur Point, and 
round the northern curve of the bay. The general direction of the 
dip of the beds is toward the S.S.W., w-hich becomes due south 
towards the east end. The average amount is about 20°, but about 
Foul Port, west of the pier, it is between 30° and 11,5°, while on the 
islands of the bay the dip is about 10°. The eastern side of the 
bay is occupied by the Upper Old Red Sandstone, brought np against 
the Uarboniferous rocks by the large north and south fault before 
referred to when treating of the Old Red Sandstone. It may be 
noticed that the sandstones of the islands, which are the highest 
beds visible, as well as the rocks on the shore to the northward, 
and those outcropping near Ballykellet, are all striking directly at 
this line of fault. 

The sandstone of the islands has been a good deal qualTied. It 
is generally thick-bedded, whitish in colour, and not very coarse, 
but in some places the bedding is irregular, and the rock is mixed 
with much quartzose conglomerate. On the shore of the New 
Town at the eastern end of the outcrop there are alternations of 
white sandstones and red clays with bands of white cornstone. 
Some of the sandstone is coarse and pebbly, with false bedding. 
Westward from this point the sandstone is generally white in 
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colour and rather fine-grained, alternating with bands of red, 
purplish, and mottled clays, and occasional nodular limestone. On 
thE' west side of Foul Port near the vVest Bay there is a thick 
mass of red clays, with occasional thin sandstone bands. A great 
portion of this series does not appear on the east side of the little 
bay owing to two N.N.vV. faults. There are several small faults 
along the shore to the southward, and in all this part west of the 
pier there are several bosses of intrusive igneous rock, besides 
dykes running in various directions. Several of these intrusive 
igneous rocks have altered the sandstones and clays in their vicinity. 
The prominent rugged hills about Upper Kirkton and to the east
ward are all formed of intrusive igneous rocks, which are later in 
date than the Lower Carboniferous rocks which they penetrate. 
Some of these, as Sheughends and Playhill, are composed partly of 
trachyte and partly of olivine dolerite. 

BUTE. 

In the island of Bute the Lower Carboniferous rocks are found at 
Ambrisbeg, near Loch Quien, on the west side of Scalpsie Bay, and 
in the Garroch Head district south of Kilchattan. 

A. m b l' i s b e g.-The rocks here appear to form the southern end 
of a small synclinal, in the centre of which is the lowest bed of trap. 
Immediately beneath this bed there appears to be a seam of 
anthracitic coal about 18 inches thick, which was formerly worked, 
and there still exist remains of the old adits. A small sandstone 
quarry lies to the south of Ambrisbeg, and limestone, and white 
and red sandstone were found in a cut close by. 

S cal psi e B a y.-Carboniferous Rocks are seen near the 
fault which runs along the west side of the bay. Some small 
sections in white sandstone appear near the northern end of the 
bay, and near Ardscalpsie Point there is a considerable exposure of 
Lower Carboniferous sandstones and conglomerates, some of which 
are reddish, others are white or yellow and calcareous, approaching 
to cornstone. There are two old limekilns here, and limestone is 
said to have been formerly burnt. The beds are undulating a good 
deal, and are penetrated by intrusive basic masses, both dykes and 
bosses, the latter being probably of Carboniferous age. 

K i 1 c hat t a n.-The Carboniferous district south of Kilchattan 
is complicated by faults, and much of the ground not occupied 
by the volcanic rocks is obscured by glacial drift. The limestone, 
'which has been taken as the boundary between the Carboniferous 
and Old Red formations, also appears to be absent in places, and 
the volcanic series apparently overlaps or rests unconformably on 
the Old Red Sandstone. 

The cornstone ,vas at one time extensively quarried to the east 
and north of the ruins of Kelspoke Castle, but the quarries are now 
full of water. The rock is a kind of dolomite, containing from 17 
to 34 per cent. of carbonate of magnesia, and it is remarkable that 
where the rock is in contact with intrusive igneous material the 
magnesia almost disappears. For interesting points connected 
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with this fact we refer to Bryce. * The limestone is from 15 to 20 
feet thick, and dips to the south-west at 25°. It may be followed 
south-eastward to its outcrop on the shore near to a mass of volcanic 
agglomerate, but its thickness appears considerably less than in 
the quarries. About 200 yards farther south a large fault having 
a W.N.W. course and downthrow north, brings up the Old Red 
Sandstone against the Imyer beds of lava. At the mouth of a small 
burn is a fault ranging north-east and throwing down on the south
east side, and a little beyond this, on the foreshore, we find the 
cornstone much invaded by basic igneous rocks. The white lime
stone crops out on the north side of the small burn, ,,,here it is also 
penetrated by igneous intrusions, and traces of it are found neal' 
Kelspoke Oastle, but its repetition here is probably due to a fault 
ranging N.W., which appears to cut of:I'the old quarry workings. 
The south-westerly dip at a high angle continues in the traps and 
other beds all across the peninsula, and yet we find at a distance of 
a mile and a half across the strike the same cornstone and associated 
beds at the south side of Dunagoil Bay on the west side of the 
island. It is manifest there must be some large fault or faults re
peating the beds, but the difficulty is to find their exact position 
and direction. The base of the trap series is found at Port Dornach, 
and northward from this we see along the shore for more than a 
hundred yards beds of white sandstone and conglomerate, with 
bands of cornstone or limestone, some of which are pebbly or 
cherty. These beds dip to the S.S.W. at 25°, and are succeeded 
by the upper beds of the Old Red Sandstone of a red colour, some
what streaked and mottled with white. A fault passes in a north
easterly direction along the edge of the raised beach, and by it the 
cornstone is shifted eastward, so that it appears again behind 
the isolaten. igneous mass, 'which is probably an old vent. Now 
we have the traps again on the north side of Dunagoil Bay, so that 
it seems clear they must be repeated by a downthrow fault which 
probably runs in a S.E. direction nearly in a line with the northern 
edge of the bay, turns S.S.W. by South Garrochty, and then 
turning S.E., again follows the hollow which strikes the southern 
shore near Port Uisg, which is south of Port Leithne. In Port 
Uisg we find again the base of the traps, and see dipping under 
them, but a good deal invaded by intrusions, a portion ofthe white 
Oarboniferous sandstone. 

Northward from Dunagoil Bay we find the traps on the shore, 
but after passing Barr Point we come again to the base of them at 
the southern end of Lubas Bay. Here, however, there are no 
traces of the cornstones, and the sandstones, which are generally 
red, seem to be portions of Old Red Sandstone dipping in a 
direction 30° west of south at angles of 20° to 25°. The trap 
appears to dip at a lower angle than the sandstones, and evidently 
transgresses the edges of their beds in places. If we look east,,-ard 
from the trap at Barr Point towards the higher ground, which is 
upwards of 100 feet above the sea, we observe that the base of the 
Trap cliff has only a dip of about 10Q. In front of it is a portion 

* "Geology of Arran and other Clyde Islands," 4th ed., p. 325. 
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of an old beach, and below this is a cliff of red sandstone in which 
the beds dip about 25°, Now, if we examine the base ofthe trap on 
the shore we find clear evidence of an unconformability, The 
porphyritic trap, which is decomposed at the base, fills up in one 
place 1. hollow denuded out of the thin-bedded white and reddish 
sandstone on which it reposes. 

We suppose that to the northward an east and west fault again 
repeats the beds of trap, and that the Dunstrone outcrop on the 
south side of Lubas Port is the same as that at Lubas, only shifted 
by a north and south fault. In both cases there is no cornstone, 
and the trap rests on red sandstone and conglomerate. Another 
north and south fault with a downthrow east separates the Lubas 
outcrop from that in Suidhe plantation, which is continuous with 
those on the east side of Glen Callum. The fault at the west end 
of Suidhe plantation is probably continned down this glen, and 
must ha,e here a large downthrow on the north-east side, where 
there is a thick series of trap beds. The base of the traps appears 
on the west side, and sandstone below is visible at the northern 
end of the glen and in Glencallum Bay at its soutlwrn extremity. 

IGXEOUS ROCKS OF CARBOXIFEROUS AGE. 

ARRAN, BUTE, AXD CUMBRAE. 

Oontemporaneous Volcanic Rocks. 

There appeoar to be within the limits of this sheet Carboniferous 
yolcanic series belonging to three different periods. The most 
recent of these, which is probably of Coal-measure age, is found in 
Benlister Glen; another, which is of somewhat older (late, and 
near the horizon of the uppermost limestones, occurs in the 
streams north of Brodick Castle; while a third, and by far the most 
important, is 1m, down in the Calciferous Sandstone. This last 
occupies a considerable area in South Bute, forms nearly the whole 
mass of the Little Cum brae, and in Axran is a conspicuous feature 
in the sections of the Carboniferous rocks on the north-east shore, 
at Corrie, and elsewhere in the island, Everywhere old lava-flows 
of basic composition make up the bulk of the volcanic material, 
while the fragmental portions vary from coarse agglomerates to the 
finest ,yell-bedded tuffs. In a few places in the island of Bute we 
find the sites of volcanic vents now filled with coarse fragmental 
material, or with intrusive igneous masses of later date than the 
surrounding rocks. 

i. Lower Volcanic Zone. 

A r l' a n.-On the north-eastern shore, near Millstone Point, the 
lower volcanic group occurs three times between Corloch and the 
shepherd's house at Laggan. The most northerly exposure occupies 
the shore for nearly a quarter of a mile, its southern Qoundary being 
nearly half a mile from Laggan. The greater portion of the out-
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crop consists of massive, fine-grained grey trap in which no dip is 
visible, but the whole series is inclined to the north at an angle 
between 30° and 40°, so that the total thickness must be over 
300 feet. There are two fine tuff bands in the lower portion of the 
mass, and between these the rock is very scoriaceous, while the part 
below these fragmental bands is soft. Below the main mass are 
alternations of thin lava beds and fine shaly tuffs, in some of 
which Mr. A. E. 'Viinsch was the first to discover remains of Oarboni
ferous plants (see Trans. Geol. Soc. Glasgow, yo1. ii., pp. 97 and 160, 
" On the occurrence of Fossil Trees imbedded in Trappean Ash in 
Arran "). 

The ordinary Oalciferous Sandstone and shales underlying the 
traps succeed to the southward, but owing to large faults we find 
repetitions of the volcanic series to the south of Millstone Point, 
where the old lavas again occur, but the tuffs are much coarser 
than in the last section and form a large proportion of the whole 
series, so that here we are probably nearer the site of a volcanic 
vent. Nearly half a mile south of Millstone Point we find the 
following section on the foreshore :-

The upper portion is for the most part a slaggy and amygdaloidal 
lava with a little tuffaceous material, about 150 feet in thickness. 
Succeed in descending order well-bedded greenish and reel tuffs, 75 
feet thick. 

Lava.-slaggy above and with pillowy structure below, often an 
irregular mass in which are several red and dark flinty bands 
apparently filling up cracks in the lava-flow-75 feet. 

Finer tuffs with some lava-few feet, perhaps 10. 
Ooarse volcanic agglomerate-75 feet. 
The dip is slightly east of north at a high angle, 50" to 60°, 

and the total thickness must be near 400 feet. 
These beds only appear on the foreshore and on the raised beach, 

being cut off on the west by a large fault running nearly due north 
with a down throw east of some 500 feet. Some distance to the 
north, therefore, we find the volcanic zone again on the foreshore 
resting on the cement-stone series. It has the same steep northerly 
dip, but we only see a portion of it, the lower agglomerate band 
about as thick as before but intercalated with some finer tuff 
bands, and surmounting it a portion of the grey tra p bed; and then 
another northerly-running fault with a large downthrow east 
destroys the continuity of the section. 

On the south side of the North Sannox anticline this Lower 
Oarboniferous volcanic band appears on the shore north of Oorrie, 
where it is about 350 yards in breadth. It dips southward like the 
other Oarboniferous rocks at an angle of about 20 Q , and the thick
ness is altogether about 350 feet probably. The lowest portion is 
a very coarse agglomerate containing some fragments of basic trap 
6 feet in length. To the south of this, and overlying it, is a fine
grained bluish basalt, which opposite to and southward of the large 
granite boulder called Olach an Fhionn exhibits a remarkable pillowy 
structure, and it seems probable that many of the large rounded 
blocks on the foreshore and raised beach about here are simply 
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detached pillows (see Plate YI.). The upper part of the mass near 
the schoolhouse is much reddened and yeined with calcite, etc. 

Seventy yards farther south and opposite the Established Church 
is a later }ant-flow, a purplish and much veintod bed, 10-12 feet 
thick, separated from the older by some 70 feet of shales, sands
stones, and cement-stones. Both beds are exposed in the burn that 
flows past the church, but the base of the lower \~olcanic mass is 
not seen here, for a large fault cuts off the outcrop 600 yards from 
the sea. This fault shifts the rocks to the southward, and both 
beds are exposed again in the Locherim Burn, where some inter
calations of tuff occur in the lower and larger bed. Another large 
fault, \"hich must haye a throw of over 1000 feet, shifts the volcanic 
rocks again to the south, this time a distance of three quarters of a 
mile to the bum called Uisge nam Fear, which is the first stream 
north of :M:aol Donn. In the southern bank of this burn there is a 
fine section of the Imyer part of the series, for the most part a soft 
red or purplish decomposing lava of basic composition, overlying 
red shales, some of which are tuffaceous. All are much veined with 
calcspar, and several intrusive dykes of much later age (Tertiary) 
cut through both igneous and aqueous rocks. The large faults to 
the south\yard \yhich cause the outcrops of this bed to be so dis
connected nre elsewhere described; it suffices to say that there are 
exposnres of it in the bums·in Brodick wood, north of the Castle; 
by the side of the road leading to Goatfell; along the 
southel'll side of Glen Shurig; in t,,·o places on the south 
side of Glen Dnbh; and around Brisderg; from ,,~hich last 
locality n continuous strip runs southward across the head of 
Benlister Glen to the southern edge of the sheet near the boundary 
of the two pnrishes. Throughout nearly the ,,'hole of its course 
sonthwnrds frOlll J.Iaol Donn it dips steeply towards E.S.E. or S.E., 
and the outcrop is generally but a nnrrow band. Bands of tuff 
occur here and there as in Benlister Glen and on the south side 
of Glen Dubh, and these sometimes merge into red sandstones or 
shales by a diminution of the alllount of the volcanic material. 
The massiye rocks consist of basic lavas generally of a red or purple 
colour, due to decomposition and oxidation of the iron ores and 
ferro-magnesian constituents. Those ",hich ha\"e been sliced wore 
originally oli\"ine basalts, but they are now highly altered, and the 
ferro-magnesian minerals have almost entirely disappeared, and 
their place is taken by carbonates, chlorite, ferric oxide, and quartz. 
O,ying to the great alterations these rocks have undergone it is some
times Ciifficult in hand specimens to distinguish between the 
massive rocks and the tuffaceous sediments. 

The rock from Benlister Glen, east of LaE; na Croise, is a highly 
altered oli\"ine basalt of a dull, dark purplish colour, which when 
examined \yith a lens sho\\'s red spots in a greenish matrix. 

The highly altered olivine basalt from 500 yards north-east of 
~Windlllill Hill is a fine-grained, dark purplish rock 

Li t tIe Cum br a e.-The Lower Carboniferous Traps form the 
whole of the Little Cum brae, except a small portion on the east 
side. The island is beautifully terraced; each separate lava-flow 



Plate VI . 

" Pillowy" s truct ure in Lower Carboniferous lavas; about 300 yards North of Corrie 
Schoolhouse, Arran, a nd near th e large g ranite boulder called" Clach an Fhionn." 
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making a distinct feature, often a 
crag, at the outcrop. The flows 
are often slaggy or scoriaceous at 
the top, but there is little real tuff. 
The beds are disposed in a shallow 
synclinal the axis of which ranges 
N.N.W. through the highest part 
of the island, where is the remains 
of the old lighthouse. As this 
axis is nearer to the west than to 
the east side, and the beds have 
also a less dip on the west side, 
the eastern limb of the synclinal 
gives the more complete section . 
The westward dip in this part is 
as much as 10 degrees or even 
more, and the thickness must be 
as much as 600 to 800 feet. The 
base of the main mass, which 
reposes on white sandstones, has a 
north and south course near the. 
farmhouse, but older and separate 
parallel flows form Castle Island 
and Trail Isle to the eastward. 
See section across the Little Cum
brae. 

All the specimens sliced are 
basalts, and the rock is often por
phyritic in character and usually 
of a purple colour, though some 
beds are blue in colour and fine in 
texture. The slaggy or coarsely 
amygdaloidal varieties often con
tain much calcite in the cavities. 
In several places the flows exhibit 
a rather markedly columnar struc
ture, as, for example, in the crags 
below the lighthouse. 

Along the north-eastern shore 
in more than one place there 
occurs a coarse volcanic agglome
rate with fragments reaching one 
foot in length. There appears 
nowhere any great thickness of 
this fragmental rock, and in all 
probability it is in each case a true 
volcanic tuff intercalated between 
sheets of lava. 

South Bute.-InSouthBute 
the same volcanic series forms a 
striking series of ridges ranging 
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N.vV. with their scarped edges facing to the north-east. The dip 
to the south-west is on the average quite 30°, and the thickness 
must be great, probably much more than that exposed in the Little 
Cumbrae, notwithstanding that the beds are several times repeated 
by faults along the strike, elsewhere described. In neither locality, 
however, do we reach the upper limit of the series. One of the 
main lines of fault is along Glen Callum, while another passes by 
South Garrochty. 

The flows vary in character and thickness. Some near the base 
of the series are fine-grained, bluish in colour, and weather with a 
marked columnar structure, but generally the rock is tinged red or 
purple and shows large porphyritic felspars. Many of the flows 
are scoriaceous at top as in Little Cumbrae, and most of them are 
basic in character like the olivine basalt of Dunstrone Fort, or the 
porphyritic dolerite that caps the ridge north of Tor Mol'. Some 
beds may be more intermediate in character, like the basaltic 
andesite of Barr Point and the coarsely porphyritic andesite of 
Dunagoil Fort. One bed on the west side of Port Luchdach, half 
a mile west from Runnan Eun Point, is a brownish trachyte with 
a green pyroxene, and this bed can be traced nearly to North 
Garrochty. 

Volcanic agglomerate and tuffs are found in several places, but 
form only a small portion of the series. A strip of coarse 
agglomerate runs for a long distance by the shore near South 
Garrochty, and is probably an intercalated mass; in one place it 
includes a block of sandstone four feet in length. East of Port 
Leithne are finer tuffs, beautifully laminated beds of ash and ashy 
sandstone, into which a late Carboniferous dolerite sheet is 
intruded. The tuffs dip to the south-west at 30°. 

Am br isbeg.-On the east side of Loch Quien at Ambrisbeg is a 
small area of this volcanic series. It forms a portion of a larger 
volcanic district which stretches between Lochs Quien and Fad, in 
Sheet 29, to the north. The rocks are old lavas, resembling in 
character those already described, and all apparently basic. 

ii. Second Volcanic Z<me. 

There is a volcanic series nearly on the horizon of the Upper 
Limestones in the wood three quarters of a mile to the north of 
Brodick Castle. The lava, of which it mainly consists, is stained of 
a red colour, and in character closely resembles that of the low~r 
gronp. In one place it attains a thiclmesfl of 25 to 30 feet. ThIS 
bed is probably nearly contemporaneous with the lower p~rt of 
the series at Sliddery vVater Head and with some of the. mter
stratified volcanic rocks in the higher part of the Carbo111ferous 
Limestone in Ayrshire. 

iii. Third Volcanic Zone. 

The best exposures of traps and tuffs of Upper Carboniferous or 
Coal-measure age occur at Sliddery vVater Head in Sheet 13, and for a 
detailed description of these the reader is referred to the annual 
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summary of the Geological Survey for 1897, pp. ] 12-123. It now 
seems probable from the evidence of the fossils that in this locality 
there is included in the one volcanic series representati,Tes of both 
Coal-measures and of the Upper Limestones, and the volcanic 
action must have been prolonged during a portion of both 
geological periods. 

In Sheet 21 there is an outcrop of Carboniferous trap at the 
fall called Eas Geal in Benlister Glen, 2t miles west of Lamlash. 
It occurs in a much faulted area and the age of it is somewhat 
doubtful, but as it is in conjunction with beds of red shale and 
and sandstone belonging to the Coal J\Ieasures it seems natural to 
suppose the trap to be of the same period. 'l'he volcanic rock 
appears to be faulted against the shales a little belmy the bend in 
the stream; it is there reddish and much decomposed. Above the 
fall the rock is fine-grained, grey in colour, and more like an 
intrusive rock, but it is probably another portion of the contem
poraneous lava. It occupies the bed of the stream for about a 100 
yard~ and in one place is pierced by an intrusive basalt dyke. On 
the west side this mass is probably bounded by a fault which 
brings up the Lower Carboniferous rocks. 

Intrusive Ca1'boniferml8 Rocks. 

But e.- Volcanic Vents.-No intrusive igneous rocks of Car
boniferous age have been noticed in Arran, but in South Bute 
these occur near the base of the Trap Series half a mile north of 
RunnanEunPoint; bosses, sills, and irregular masses of fine-grained 
dark basic rocks, and similar intrusions, are found a quarter of a mile 
east of the Garroch Head. The large oval mass of altered olivine
basalt which forms Suidhe Hill was probably intruded into an old 
volcanic vent, some of the fragmental material of the neck being 
still visible at the south-western end of the mass. This plug is 
some 600 yards long from north-east to south-west. 

About half a mile north of Runnan Eun Point there is a crag 
formed of volcanic agglomerate which contains fragments of trap; 
also limestone and baked s:1ndstone or quartzite. An intrusive 
basic sheet appears to occupy part of the site of this vent. 

At Creag a Mhaid, 300 yards farther north, is another mass of 
coarse agglomerate, apparently of an oval form and about 150 
yards in length, and here again the neck has been invaded by an 
intrusive mass. 

On the south side of Dunagoil Bay is an isolated mass which 
may be the site of a vent, though there is not much fragmental 
material visible, and the rock is for the most part massive in 
character. 

G rea t Cum b I' a e.-Trachyte.-'l'here are at least four distinct 
groups of intrusive rocks in Great Cumbrae, and three of these 
are probably of Carboniferous age. The oldest of these is trachytic 
in character, and occurs both as sheets and dykes which have a 
general E.N.E. direction. The rock is usually of a pink colour, 
but is sometimes grey or purplish. A specimen from the dyke of 
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the Hawk's Nest north of Farland Point was analysed by Mr. Teall, 
and was found to contain 11 per cent. of alkalies, principally 
potash, while the percentages of lime and iron were very low. 
Sometimes these rocks are fine in grain with but a few porphyritic 
orthoclase crystals visible, though numerous small crystals of 
this mineral are revealed by the microscope. These red trachyte 
dykes and sills are almost confined to the Upper Old Red Sandstone, 
rarely intruding into the Calciferous Sandstones, and being appar
ently older than the Carboniferous lavas of the Little Cumbrae and 
South Bute. Several of the sills form marked features in the 
interior of the island. Some bosses of rock in Millport Harbour, 
known as 'rhe Clach and the .Miller's Thumb, which are descrihed 
as porphyrite or bostonite, are probably of nearly the same age 
as the trachyte. 

Olivine-basalt.-'rhe next group has the same general direction 
but clearly cuts the trachytes, and must therefore be of later date. 
A fine example occurs on the shore near Craig nan Fitheach be
tween Doughend Hole and Sheriff Port, where one of these dykes 
cuts a trachytic sill and both are crossed by a tertiary dyke running 
north-west. 

The dykes of this set are the most numerous of the whole, and are 
found on every part of the island. On the north-east shore about 
·W of them may be counted in half a mile of coast-line, and some 
of them are large. They appear to be all porphyritic olivine
basalts of the type of the Lion's Haunch on Arthur's Seat, 
Edinburgh. Generally they are bluish or grey in colour, and finer 
at the edges than in the centre, which is often coarsely porphyritic 
and amygdaloidal. Some of them, however, are much decomposed 
and stained. Olivine seems always characteristic, but has often 
been replaced by hematite and calcite. In Bute, a good many 
dykes occur on the north side of Kilchattan Bay and a few around 
Stravanan Bay, which have the same general direction as these 
basalt dykes in Cumbrae, and as their character is similar they 
probably all belong to the same geological period, which is 
probably that of the Lower Carboniferous lavas. Most of these 
dykes in Bute are much stained with hematite. . 

Dolerites.-The dykes of the third group are basalts or dolerItes, 
with or without olivine, and they have, on the whole, an east and 
west direction like that of the Dunoon dyke, which belongs to this 
class. They cut the two sets of dykes previously described, and 
must therefore belong to a far later period of intrusion; probably 
they are not older than late Carboniferous time. One of these 
dykes in Great Cumbrae, about 50 feet in width, is a nodular basalt, 
and it can be traced westward from Ballykellet to the western shore. 
It traverses in its course many dykes and sills belonging to the two 
classes just described. Another dyke of this kind runs all a.cross 
the island from Fintray Bay, where it is 100 feet wide, pastFIgga
toch to Downcraig Ferry, where its width is 75 feet. Its course, 
however, is not continuous; it is broken up into three detached 
portions, which remind one strongly of the similar behaviour of the 
Dunoon dyke and those near Rothesay, which probably belong to 
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the same period. In Bute, a dyke to the south-east of Lubas and 
one at Kilchattan probably belong to this set, as does also a 
dolerite sill that traverses the Carboniferous traps in a north
easterly direction from Garroch Head to near Runnan Eun Point. 

. . W. G. 

CALCIFEROUS S~"DSTONE SERIES. 

AYRSHIRE. 

The portion of this lowest subdivision of the Carboniferous system 
included in the present district follows continuously and conform
ably upon the Upper Old Red Sandstone, passes under the great 
overlying volcanic plateau, and attains a thickness of about 1500 
feet. It consists mainly of yellowish sandstones, often pebbly, and 
including many zones of fine conglomerate. The cornstone at the 
top of the Old Red Sandstone has not been detected here, nor do 
we encounter n10re than a mere trace of the cement-stones, marls, 
and shales, which, farther north, emerge in considerable thickness 
from under the volcanic series. The Carboniferous strata are not 
exposed on the shore, but are well displayed in the numerous burns 
anil on the inland slopes, Of these natural sections the best ,,,,ill be 
found in the channel of the Kippen Burn north of Pairlie, in 
Fairlie Glen, and in the Glen Burn a mile-and-a-halffarther south. 

The Fairlie Glen section may be described as typical for the 
whole district. The passage from the Upper Old Red Sandstone 
into the Carboniferous system is to be seen immediately above the 
ruins of Fairlie Castle. The red sandstones are there succeeded by 
intercalations of grey and yellow sandstone and fine conglomerate 
dipping up-stream. The hard conglomerate bauds tend to form 
waterfalls in the course of the burn, of which a good example 
occurs at the line of the 250-feet contour. Red and reddish
grey sandstones still make their appearance, generally more or 
less pebbly, and often much false-bedded. At last the yellow 
sandstones prevail, generally full of false-bedding, and more or 
less conglomeratic. The conglomerates contain abundant white 
quartz-pebbles. The most important of them, crossed by the 
Fairlie Burn at the 1000-feet contour, not far below where the 
stream-section ends, is a well-marked conglomerate, with large 
pebbles of white quartz. It can be traced as a definite horiwn 
for nearly a mile north,vard along the hill-slopes. Though thrown 
backward and forward by occasional faults it maintains its per
sistence until it comes against the large fault above Kelburn. 
It is probably the same band of conglomerate and pebbly sand
stone which underlies and surrounds the outline of the volcanic 
plateau forming Kaim Hill, and which has been worked at the 
Kaimhill Millstone Quarry. 

A.bm-e the conglomerate band in the Fairlie Burn a thin zone 
of reddish tuff marks the first beginnings of the volcanic series. It 
is immediately followed by mottled clays with dark sandy shales, 
which, however, have been greatly broken up by the invasion of an 
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intrusive sill. These strata, of which only a small thickness is here 
displayed, present typical features of the Cement-stone group. The 
shales contain cyprids and plant-remains. They pass immediately 
under the layUS of the plateau. 

Volcanic Gronp. 

This importn.nt member of the stratigraphical series of Central 
Scotbncl lies bet"'een the Cn.rboniferous Limestone, as represented 
by the well-known and persistent Hurlet seam, and the Upper Old 
Red Sandstone. In the western counties it does not descend so 
low as in the east of the country, for, as we have seen in the fore
going account of the section in the Fairlie GlElU, a gren.t thickness 
of the Cn.lciferous Sandstones here intervenes between the base of 
the "olcanic rocks n.nd the top of the Old Red Sandstone. Only n. 
few projecting and outlying parts of the volcanic plateau came into 
the present district, but they afford illustrations of most of its 
characteristic features. They show it to be built up of successive 
sheets of andesite, with occasional partings and bands of tuff. 
These rocks present the usual petrographical types, which are so 
well exhibited in the Little Cumbrae, and the south end of Bute, 
in the same Map. They vary from compact, finely-crystalline por
phyritic masses, in which the characteristic andesite structure is 
manifest, up to coarse decomposing amygdaloids, which here and 
there furnish good agates and zeolites. The upper and under sur
faces of the flows are frequently slaggy and brecciated. 

The rocks are \Yell exhibited in the courses of the burns, but 
perhaps the most instructiye sections are to be found on the steep 
hill-slopes to the north of Largs, just beyond the northern limit of 
the present :Map. On the face of the great escarpment a succession 
of sheets of andesite with occasional well-marked intercalations of 
tuff, can be followed up to the edge of the plateau, which stretches 
thence eastward into the great volcanic centre of the Misty Law. 
(Sheet 30.) 

To the ,Yest of the escarpment a number of sills and intrusive 
bosses of a pinkish or yellowish felsitic or orthophyric rock form 
prominent ridges and detached hills. Some of these traverse the 
Old Red Sandstone, as in the case of the masses to the south
west of Hunterston and the sheet which runs along the slope 
behind Fairlie, as well as another to the south of The Glen. But 
most of them lie within the Carboniferous area. The chief mass 
occupies a breadth of about 800 yards immediately to the west of 
Glentane Hill. A little to the north it divides into two separate 
sheets, the lower or westmost of which can be followed for a mile
and-three-quarters nearly as far as Fairlie Glen. It, as well as the 
upper sheet, has been shifted by three faults, and both of them are 
pierced by volcanic necks. They not improbably belong to an early 
part of the volcanic history. There occur also numerous dykes 0f 
similar material, as well as of varieties of andesite and dolerite. 
The number of these intrusions must be vastly greater than is 
expressed on the mn.p, for only a small proportion of them can 
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actually be seen. Their multitude may be inferred from the pro
fusion of them in the burns and along the shore. Most of these 
dykes, no doubt, belong to the Carboniferous volcanic period. But 
the dolerites and basalts, especially those which trend in a north
westerly direction, are more probably of Tertiary age. 

Reference has above been made to the occurrence of at least a 
dozen volcanic necks which mark the sites of some of the eruptive 
vents connected with the plateau. 'rhese interesting features are 
dotted along the slopes between Ardrossan and Largs, and many 
more occur to the north of the latter village. They are filled with 
agglomerate or tuft, consisting of blocks and lapilli of various 
andesites, and porphyries with pieces of red and white sandstone or 
other sedimentary material imbedded in a dull green matrix of 
comminuted alldesitic debris. 

Beginning at the south end of the chain, we find the first of the 
series in the Tarbert Hill, a prominent, rounded, green eminence 
rising to a height of 445 feet above the sea on the sloping ground 
immediately to the east of Sea Mill. Like most of them, it is elliptical 
in form, measuring about 550 yards in length by 360 yards in 
breadth. In the centre it is composed of a yellowish or dirty green, 
fine, compact, sandy and granular tuff, with occasional quartz-pebbles, 
and here and there exhibiting traces of vertical stratification. 
Round its outer margin, and thus along what must have been the 
walls of the volcanic orifice, the material becomes a coarse agglo
merate, mainly composed of rounded blocks and lapilli of various 
andesites, but enclosing also pieces of red sandstone some of which 
measure several feet in diameter. 

Half-a-mile farther to the north-east stands the larger neck of 
the Law Hill, the summit of which is 551 feet above the sea. It 
has an irregularly oval shape, measuring about 850 yards from east 
to west,. and about 450 from north to south. It is filled with a 
coarse agglomerate in 'which, besides red sandstone blocks, pieces 
of black shale may be observed. The date of this vent must thus be 
later than the time when the black shales of the Calciferous Sand
stones began to be laid down. Only 160 yards from the eastern 
edge of this neck lies another, measuring 250 yards in its longest 
diameter, beyond which stands a third vvhich, rising prominently 
into Blackshaw Hill (709 feet), measures :-330 yards in its longer 
and 250 in its shorter diameter. It is specially remarkable in 
enclosing a lava-plug in the form of a dulL dark-grey, porphyritic 
andesite, which is much decomposed. This neck also includes 
black shale enclosing Spirorbis, together with pieces of a coarsely 
crystalline "greenstone." 

A quarter of a mile to the north of West Kilbride a conspicuous 
vent forms Drummilling Hill (343 feet). It measures about 500 
yards in length by 200 in breadth. Half a mile to the west two 
small necks occur on the estate of Carlung. The smaller of these 
appears on the little eminence called the North Mound, and 
measures only 100 by 65 yards. It is filled with a coarse, dirty
green agglomerate in which, among the volcanic materials, lapilli 
and larger fragments of the pale felsitic varieties of rocks are 
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abundant. The other and larger neck, forming Crock Hill, is 
distinguished by possessing a small plug of compact purplish-grey 
andesite. 

About a quarter of a mile to the south-east of Glentane Hill, and 
therefore just beyond the limits of the present map, two green 
eminences rising above the surrounding moorland mark the posi
tions of two vents. One of these, known as Greenside Hill, 
about 800 feet high and filled with the usual coarse, green agglom
erate, measures 300 by 200 yards. The other, only about 200 
yards to the east, forms Lairdside Hill (850 feet), and measures 
about 230 by 180 yards. A mile to the north a smaller neck 
rises from the moor of ·Whiteside Hill, about 350 yards to the 
south of the Kaim Hill, of which the western edge comes into the 
present map. 

A still more diminutive neck has pierced the edge of the 
escarpment of the intrusive sheet of Biglees Hill, a mile due east 
from Hunterston House. It measures no more than 100 yards 
from east to west by 50 from north to south. It is filled with the 
ordinary coarse agglomerate. 

Next in order in our northerly course we come upon a small vent 
rising within tide mark at the promontory of the Black Rock on 
the south side of Fence Bay. In its coarse agglomerate sandstone 
fragments are abundant. Still farther north, on the declivity 
above St. Annan's Chapel, two good examples of vents may be 
seen. The lower or more westerly of these forms the eminence 
known as Diamond Hill (450 feet), and measures 400 yards in the 
longer axis and 325 in the shorter. The volcanic detritus with 
which it is filled is partly a coarse agglomerate and partly a 
compact tuff. This neck, as already mentioned, has broken through 
an intrusive sill, so that it cannot belong to the earliest phase of 
the volcanic activity. Immediately to the east the second and 
smaller vent pierces the upper of the two sills. Its line of junction 
with the contiguous sandstones may be seen in the watercourse, and 
exhibits there the usual signs of disturbance and disruption in the 
fltrata. A. G. 



CHAPTER VII. 

New Red Snndstone 01' T1,ins. 

The age of the red rocks which occupy so large a portion of South 
Arran was for a long time much disputed, and by various authors 
they had been regarded as of Old Red Sandstone, Carboniferous, 
or New Red age; while one author classed part of them with the 
Carb<;miferous and part with the New Red rocks. The question 
was definitely decided in the year 1894, when it was ascertained 
that these rocks are unconformable to the Carboniferous forma
tion, though often at junction the two sets of rocks appear perfectly 
conformable. So long ago as 1874 Messrs. James Thompson and E. A. 
Wunsch had discovered derived Carboniferous fossils in these New 
Red conglomerates at the north end of Arran near the Cock; but 
apparently they did not see the importance of their discovery, as 
they were still disposed to class these rocks with the Carboniferous 
formation and to consider them as Millstone grit. This discovery 
of derived fossils in the overlying red rocks was confirmed by the 
Geological Survey in 1894. Near the Cock these strata rest upon 
the Lower Coal-measures, as they also do at Corrie and in the 
woods behind Brodick Castle. But towards the head of Benlister 
Glen they repose on the Corrie limestone, hundreds of feet lower 
down in the Carboniferous formation, while on the west coast, to 
the north of the mouth of the Machrie Water, they lie directly on 
the Old Red Sandstone, all the rocks of the Carboniferous system 
having disappeared. 

No fossils, except some derived from the Carboniferous forma
tion, have as yet been found in these newer red rocks, so that there 
must be a little uncertainty about their exact age. On account of 
the close resemblance of the lower false-bedded sandstones to those 
of Ballochmyle in Ayrshire, Sir A. Geikie was disposed to class them 
with the Permian formation, and in the map of the southern part 
of Arran all the newer red rocks were doubtfully lettered and 
coloured as of this age, but the general lithological character of the 
rocks is much more like the Trias of England, and the finding of a 
portion of the upper marls immediately connected with beds of 
ofRhffitic age in a fragment in the Ard Bheinn volcanic agglomerate 
fixes pretty definitely the Triassic age of the upper division of the 
formation. 

These unconformable and overlapping red strata may be 
divided into two great groups, as in the following- Table :-

UPPER TRIAS-KEUPER? 

LOWER TRIAS. 

{
Red and mottled shales or marls with thin 

beds of white, yellow, or grey sandstone, 
and occasional thin bands of nodular 
limestone. 

{

t. Light coloured and yellowish sandstones, 
sometimes red, with calcite in cavities. 

3. Reddish sandsknes with some conglomerates. 
2. Conglomerates alternating with sandstones. 
1. False· bedded red sandstones of Brodick 

and Corrie. 
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The upper group is poorly represented in this sheet, and its 
thickness cannot be estimated. In the southern part of Arran
Sheet 13-where it is well developed, its thickness is probably 
nearly 1000 feet. 

LOWER DrnsIOx.-The lower gTOUp may for convenience of 
description be subdivided into four parts, as shown in the fore
going Table, but the subdivisions cannot be indicated on the map. 
Probabl"\'" the total thickness of the Lower Triassic beds in Arran 
amount ·to as much as 2000 feet, of which the lowest subdivision-
the false-bedded ~andstone-occupies one-half. 

1. The lowest subdivision is "ell exposed along the shore 
between Corrie and Brodick Castle, and consists of extremely f alse
bedded, bright red sandstones, traversed in many places by ridges 
formed of hardened joints and crushes, and in others full of 
ramifying hardened ,eins which cause the rock to weather with a 
honeycomb structure. Some of the crushes are certainly faults, 
but the rock is so uniform in texture generally that the amount of 
throw is not discernible. Numerous basic dykes cross the foreshore 
in various directions and discharge the red colour of the rock, 
making it ,vhite or yellow, and hardening it. Some of the ridges 
are probably in the line of dykes which end at the surface, and 
some may be due to dykes which have not reached the present 
surface. The false bedding conveys a very exaggerated idea of the 
real thickness of the series. Fine sections in the old sea-cliffs, and 
in caves, show that the true dip towards the S.E. is not more, 
generally, than 10°-15°, ,,,hile the false bedding has an inclination 
of twice as much, and is, besides, very variable in direction. The 
great cliff on the north side of :Maol Donn, which is formed of this 
sandstone, sho"s a similar gentle inclination of the beds. (See 
Plate YII.) This great scarp is largely due to an extensive slip, the 
material from which covers several acres to the northward. 
There are large quarries in this sandstone at Corrie and in 
Brodick wood at the back of the school. From the Corrie quarries 
much stone is shipped to Ayrshire and various parts for building 
purposes. This sandstone forms the ridge on the north side of 
Glen Cloy, where both the true and the false bedding dip· to the 
south,vard or S.E. at a high angle, as they do also to the west of 
the old Brodick pier near the Castle. The boundary between this 
rock and the underlying Carboniferous series may be observed on the 
shore about 200 yards south of the Corrie Hotel, and it crosses the 
Rosie Burn a little below the bridge. 

2. The alternating brecciated conglomerates and sandstones of 
the south side of Brodick Bay overlie the false-bedded sandsto~es 
just described, and the conglomerates of this division are so h~e 
in character to the Upper Old Red conglomerates north of CorrIe 
as to be undistinguishable from them except in position; in f~ct, 
several observers have classed them with the older formatIOn. 
They are largely made up of debris of the metamorphic rocks, s~ch 
as pieces of vein-quartz and angular fragments of schist, wIth 
occasional pebbles of quartzite, like those characteristic ofthe Lower 
Old Red conglomerates. 



Plate VII. 

False-bedding in the lower division of the New Red Sandstone Cliff on 
~()rth face of ~aol Donn, about 2 miles Sonth of Corri e, Arran. 
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This subdivision strikes westward up Glen Oloy and forms the 
ridge between Glen Dubh and Glen Ormidale. 

Near the heads of these glens it, along with the false-bedded 
sandstone below, h'1S been much altered, being often converted 
to a white quartzite by contact with the intrusive igneous masses 
there. On the shore at Springbank the rock is pierced by two 
masses of agg10merate which appear to be of the natui:e of volcanic 
necks, though they contain no igneous material. The larger of 
these is about 150 feet in diameter and the smaller about 50 feet, 
though in neither case can the whole circumference of the mass be 
seen. The smaller is about 100 yards west of the hotel grounds, 
and the larger is some 150 yards farther west, and the breccia 
which composes both is entirely made up of fragments of the 
surrounding strata. 

In this subdivision there is not much false bedding apparent, 
and the rocks at Springbank dip southward at about 15'". East of 
the pier numerous faults as well as dykes cross the outcrop, and 
the red conglomerate is S8en to overlie false-bedded red sandstone 
of the same type as that on the north side of the bay. One of 
these faults ranging N. 25° E., which is 50 yards east of the pier, 
brings up the lower sandstones against the conglomerate. The 
sandstone occupies the foreshore for 300 yards eastwards when it is 
cut off by a fault, coincident with a dyke ranging N. 25° W., which 
thrmys down the conglomerate again on the east. For about 500 
yards eastward from this point we see nothing but conglomerate on 
the foreshore till a north-west running fault, with a downthrow 
south-west, again brings the lower sandstone into view. This is 
continued for 300 yards farther in the most easterly part, being 
overlaid by conglomerate, when a fault ranging N. 25° E. causes the 
whole of the foreshore to be occupied by conglomerate, but this is 
only for a distance of 30 to 40 yards, when a powerful fault, N. 30° E., 
brings up the lower sandstones, which occupy not only the shore 
for a long distance but the cliffs also, which are much increased in 
height. Hitherto along this shore the conglomerate series could be 
seen either on the shore or on the boundary cliffs, but the effect of 
this large fault, which must have a downthrow west of several 
hundred feet, is to raise the conglomerate a long way above the top 
of the crags at this point, and it does not appeal' again on the shore 
till the southerly dip causes it gradually to descend and occupy the 
shore about Oorrygills Point. Along this half mile of shore and in 
the cliffs bounding the raised beach the false-bedded lower sand
stones are well exposed, with the same curious spires and ridges 
which we found characterising them on the north side of Brodick 
Bay. The southerly dip is everywhere nearly the same in amount, 
ranging between 10° and 20°, but as we proceed the direction 
gradually changes till, in the alternating conglomerates and sand
stones on either side of Oorrygills Point, it is nearly S.S.W. 

This series is well exposed in the middle part of Benlister Burn 
where the conglomerates form occasional cascades, and it occupies 
a strip of ground to the northward (east of Brisderg) which is 
bounded by two large faults. The beds in this strip dip to the 
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south-west, and their termination north is in the fine scar of Creag 
nam Fitheach, on the south side of Glen Dubh. 

3. Along the South Corry gills shore the alternating conglo
merates and sandstones pass gradually up into the beds of this 
subdinsion, which consists almost entirely of red sandstones, 
moderately coarse, with only occasional pebbly bands, and witli 
comparatiwly little false bedding. The dip inclines more and more 
to the west and generally increases in amount, so that in places 
along the shore east of the Clauchland Hills the dip is as high as 
30° or 40° and the strike is parallel to the shore. 1\ear Clauchland 
Point the dip is in one place as much as 60°, but this high dip is 
probably the effect of the intrusion of the great sill of dolerite 
there. On the south side of the Clauchland Hills the inclination of 
the beds is much more gentle, generally not more than 10°, and 
nearly coinciding with the slope of the ground to S.S.E. There are 
numerous sections in the small streams here, and along the 
northerll shore of Lamlash Ba:r. 

The beds of this subdi\"isio~ occupy nearly all the area between 
Lamlash and Glen Cloy, and there is a fairly continuous exposure 
of them in the Birch Burn (Lag a' Bheith). They also form a 
marked feature abo\"e the wood to the south-east of Bruce's Castle 
in Gleann Dubh, and it is probably the higher beds of this series 
that appear beneath the thick sills of felsite along the west side 
and at the north end of Holy Island. 

4. On the south side of Gleann Dubh the beds of the previously 
described subdiyision pass up into white carious sandstones, 
\\""hich form the highest beds of the lower division of the Trias; but 
these cannot be everywhere distinguished as a separate suudiyision 
and they might \"ery well ha\"e been grouped as a variety of 3, from 
which they only differ essentially in possessing drusy cavities 
\\""hich once contained calcite. 

The detached outlier ofNe'" Red Sandstone at the Cock of Arran, 
in the north part of the island, contains false-bedded, bright red 
sandstone like that of Corrie, and beds of conglomerate which 
mainly oyerlie the sandstone, though there are bands of conglo
merate at the base of the sandstone in the lowest 40 feet of it. 
The mass of conglomerate is like that on the south side of Brodick 
Bay. and probably on the same horizon, so that we have in this 
small area representatiws of the lower 1\yO subdivisions of the 
formation. \yith a total thickness of not less than 1200 feet. The 
beds generally dip nortlnmrd and toward the sea, so that several 
landslips on a larg'e scale have occurred, and the hillsides show 
gaping fissures. ~ 

On the western side of the island the Trias is found along the 
coast south of Auchagallon, and takes up the interior eastward to 
the foot of Ard Bheinn, but the subdivisions described as occurring 
Oll the eastern side of the island are not equally conspicuous here. 
The 10\\"er false-bedded red sandstones are well exposed in the 
}1achl'ie "\Vater; but there appears to be no equiyalent of the conglo
merate series, unless these are represented by some pebbly bands 
ill the sandstone three quarters of a mile "\V.S.vV. of Derenenach, 
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near the main bend in the comse of the stream. In this part of the 
island the Trias rests directly on the Old Red Sandstone and appears 
quite conformable to the older rock, so that it is extremely difficult 
to fix the exact boundary between them. The gently inclined 
New Red Sandstone in the Machrie Water when traced up stream 
gradually increases its S.S.W. dip from 10° to about 30° as far as 
the outcrop of a conglomerate band, which is doubtfully referred to 
the Old Red Sandstone. A similar difficulty is found in the section 
in the Machrie Burn and on the coast opposite Auchagallon. 
There is no fossil evidence to settle the question by fixing a definite 
line, but there is no doubt whatever about their being here two 
distinct formations and that the boundary between them is not far 
from the line drawn on the map. The soft, thick, and rather 
false-bedded sandstones near the top of this division, which are 
carious (having many cavities in places), have been quarried west 
ofTraighliath, where they form a narrow gorge in the Ballymichael 
Burn, and by the side of the Machrie Water about a mile from its 
mouth. At the latter locality the cavities are of various shapes 
and sizes, some of them very irregular, and one was observed more 
than a foot in length and upwards of an inch in breadth. The 
natives call these cavities moss-holes. These upper beds are finely 
exposed along the Tormore shore for about a mile south of Leacan 
Ruadha. The sandstone varies from a deep or almost brick-red 
colour to yellow or white, and the changes, sometimes rather abrupt, 
are not easilv accounted for. At the north end of the section the 
beds dip to the north-east at 10°, and this direction continues for 
some distance, so that as we advance southward lower and lower 
beds successively rise from the shore and form the cliff. Then the 
beds for some distance remain horizontal, but before reaching An 
Cumhann the strata begin to dip gently to the south-east, and we 
observe the rocks a second time as we proceed southward. The 
carious and false-bedded sandstones enclose lenticular masses 
which seem slightly calcareous, and the weathering of some of the 
rock is very curious and irregular, sometimes not unlike bunches 
of grapes. Much of the sandstone is quartzose and rather coarse, 
but the bunches and lenticles are formed of a finer and harder rock, 
concretionary in structure. The massive red and yellow sandstones 
in which the large caves are formed is the highest part of this 
series, and a short distance to the south ward we find these beds 
passing under the marls of the Upper Trias (Keuper ?). 

DERIVED CARBONIFEROUS FOSSILS IN THE NEW RED SANDSTONE. 

In the lowest part of the New Red Sandstone which immediately 
overlies the Carboniferous formation in the northern part of Arran, 
there are bands of conglomerate which contain pebbles of Carboni
ferous limestone from which several derived fossils have been 
obtained by the geological survey. Rather more than a quarter 
of a mile north-west of this spot, and about 100 yards east of the 
Cock of Arran, is another locality where derived fossils may be 
collected. There occms a very irregular pebbly band, which 
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appears to have accumulated in a hollow of the sandstone during 
the process of rock formation. It contains, among others, large 
blocks of trap and white quartz, etc., and from it the following 
collection was made:-

Lithostrotion irregulare. 

Zaph;~ntis ? 
Portlocki. 

Crinoid ossicles. 
Rhabdomeson rhombiferum. 
Or this resupinata. 

Retzia? 
Spirifera trigonalis. 
Entolium Sowerbyi. 
Nuculana attenuata. 
Protoschizodus axiniformis. 
Bellerophon decussatus. 

It was probably in the first-mentioned locality that derived Oarboni
ferous fossils were obtained by Messrs. James Thompson and E. A. 
\ViInsch, as reported in the Trans. Geol. Soc. Glasgow, vol. v., p. 
313 (1874), and described in vol. xi. of the same Transactions, p. 
30 (1897). 

U PPER-DIVISION OF NEW RED SANDSTONE.-The red shales or 
marls of the upper division of the Trias (of Keuper age ?) are not 
well E'xposed in this sheet. They occupy but a small area, but are 
found in three separate localities, in one of which the rock is part 
of a fragment in the volcanic vent of Ard Bheinn, and is described 
in connection with the Rhretic beds. 'Ehis section, though small, 
is interesting, however, as it presents us with what are presumably 
the very highest beds of the formation, which are nowhere else 
exposed in the island. In the two other localities only small 
portions of the lowest beds of this division occur. One of these is 
at the head of the Birch Burn to the south of Brodick and north of 
Onoc Dubh. The rocks may be seen in both branches of the burn, 
but the longest branch yields the better section. Overlying the 
red sandstones rather more than half a mile north of Onoc Dubh, we 
find beds of red and mottled clays or argillaceous shales with 
occasional thin bands of nodular limestone. The dip is first to the 
south at a low angle, but higher up the stream the dip is eastward 
or undulating, and the strata are traversed by dykes or sills of 
felsite, pitchstone, and basalt. Traces of the mottled shales or 
marls, variegated red and green, are found occasionally up to near 
the head of the stream where it issues from a peat moss. The 
size of this patch of the upper beds appears to have been limited 
by a fault on either side which brings up the lower sandstones. 

The third locality where the rocks occur is on the western side 
of the island at Ballymichael, and they are exposed in three small 
streams on the east side of the road and south of Ballymichael Glen. 
The red shales or marls with occasional thin sandstones here seen, 
dip generally to the S.W. at 10°_20°, but sometimes the dip is 
easterly at a low angle or even S.E. They pass gradually down 
into the underlying sandstones. 

These rocks form but a small portion of the division, which will 
be 1110re fully described in the explanation of the southern part of 
Arran. 



CHAPTER VIII. 

Patches of Secondary Formations in Volcanic Vent. 

The Rhretic, Liassic, and Oretaceous formations now to be 
described do not actually occur in sitn in the island, but consist of 
fragments or masses of rock of various sizes which have fallen into 
a volcanic vent of post-Oretaceous (presumably Tertiary) age. The 
igneous rocks, both mat:!siYe and fragmental, with which these 
fragments are associated are elsewhere described. As will appear 
from the detailed description of the fragments which contain fossils, 
they do not occur in close proximity, and sometimes as much as a 
mile interyenes between one fragment and another. In addition to 
the fossiliferous masses, there are others of limestone, of sandstonA, 
and of shale, in which no organic remains haye been found. It 
seems probable that these also are of Secondary or Mesozoic age, 
though it is not possible in each case to determine what formation 
they belong to. 

In seyeral instances the fragments have been much altered by 
intrusive igneous rock, and some of them have Tertiary dykes or 
sills traversing them. Especially is this the case with the largest 
of the fragments, which contains not only beds of Rhretic age but 
grey marls in the upper part of the rfrias and a portion of the red 
marls which lie below. . 

RH.ETIC ROCKS. 

A short distance north of the farmhouse of Derenenach, two 
small streams which have cut gorges in the low lying mass of 
granophyre cross the road. The longer and more northerly of 
these two burns is called Allt an Dris, and is the only one of the 
two which is marked on the one-inch map. In the middle part of 
its course this stream traverses the largest of the identifiable 
fragments in the volcanic vent, which is of an irregular shape and 
extends over several acres. It is probably quite a quarter of a mile 
in length from north to south, and its width is at greatest about 
150 yards. This patch contains the black shales and thin lime
stones of Rhretic age, which are exposed for a length of nearly 90 
yards in AlIt an Dris about a quarter of a mile north-east of 
Derenenach. rfhe greater portion of this fragment, however, 
consists of grey and red Triassic marls, the red marls forming the 
bulk of it. One cannot be quite certain about the actual order of 
succession in this mass, as the rocks are broken, or faulted and 
disturbed, and we do not see the different subdivisions actually in 
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contact, but the follmying is the probable arrangement in descending 
order.-

Black shales and thin grey limestones of Rhretic age. 
Greenish-grey or pale-coloured compact marls-Upper 

Keuper. 
Red marls-Keuper. 

These beds are bounded on th8\wst by the granophyre before mentioned 
which occupie;; a strip of ground nearly a quarter of a mile in width 
between them and the road. They are best reached by following 
the bum up"ards. On coming to the old sheepfold some of the 
red marls or mudstones may be noticed in the slope opposite with 
a high dip to the "est, and they are also exposed in a small branch 
stream "hich we pass on the left. Soon the stream inclines more 
to the east\\'ard, and ,ye find in it 11 considerable section in the red 
marls, which appear to be nearly fiat or have a gentle inclination 
east\mrd. The section is some,yhat obscured, ho\\,ever, by several 
sills and dykes of felsite. Abo,e this steep part the stream takes a 
sharp turn to the left and we lose sight of the rocks. A little 
higher up on the south side ',e obselTe the grey marls in the bank, 
lying nearly horizontal or "ith a gentle dip to the south-west, and 
a few yards farther we come upon the Rhretic black shales on 
the same side. The,- do not occur here, hmw,-er. on the north-east 
side, but are opposed to the grey marls which -on the north-east 
side are at a higher lewl than the Rhretic shales of the south-west 
side, so that there is manifestly a fault or break of some kind along 
the burn. Nearer to the sharp bend there occurs ill one place a 
mass of the Rhretic shale containing thin limestone bands on the 
north-east side, and it was from this locality that all the best 
specimens ,wI'e obtained. We do not, howe-wI', see the relation of 
this mass to the grey marls, and the junction is probably not 
natural. 

The black shales on the south-west side of the stream here 
have yielded organic remains, but they are in a crushed and frag
mentary condition. Altogether these Rhretic shales seem to be 
more disturbed than either the red or grey marls, and it is 
impossible to make out any order of succession in them. Often 
they appear to be nearly ,ertical, as in the fragment from which 
the fossils were obtained. The "hole length of the exposure is in a 
small rocky gorge, and about 40 yards of it is below the sharp bend 
where the stream turns from a south-east to a due east direction. 
Abow this bend the black shales may be traced for about 50 yards 
on the south side of the burn, but they do not extend so far on the 
north side. It seems probable, howe,-er, that they may occupy a 
considerable area to the south-west ofthe bend in the stream. where 
there is a smooth grassy slope, and excavations here might- reveal 
other fossiliferous bands. The exposures above the bend in the 
stream haye yielded no fossils. 

The grey marls, as \\'e have stated, appear on both sides of the 
stream. but the outcrops are not exactly opposite, as they are 
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higher up on the north side, and opposed to the Rhretic beds on the 
south side. 

These rocks were surveyed in the year 1899, and their peculiar 
characters, as being unlike anything occuring elsewhere in Arran, 
were remarked on. Specimens of the dark ferruginous shales were 
obtained, and were supposed to resemble certain rocks occuring in 
the Old Red Sandstone near Strathpeffer and elsewhere in the 
north of Scotland. In May 1900, however, the fossil collector of 
the Survey, Mr. A. Macconochie, who accompanied me to the 
locality, was successful in obtaining- undoubted organic remains 
from the beds, and the collections made by him on being examined 
by Mr. Newton were referred to the Rhretic beds. 

The following is Mr. N ewton'fl determination of the specimens:-

FOSSILS FRmI THE RHJETICS OF SHISKINE, ARRAN. 

Avicula contorta, PortZ. 
Pecten valoniensis, De/1·. 
Schizodus (Axinus) cloacinus, 

Quenst. 
Protocardium philipianum? 

Dunk. (=O. rhreticum, 
Me1';an.) 

1IIodiola minima? Sow. 
Estheria min uta ? Goldf 
13yrolepis Alberti? Ag. 

Nearly three-quarters of a mile distant from the Rhretic beds in 
Allt an Dris in a north-east direction, and about the same distance 
south of Glenloig, is a mass of unfossiliferons shale which may 
belong to this formation. It is about 35 yards in length from 
N.N.E. to S.S.W., and is nearly vertical or dipping steeply to 
E.S.E. The rock is much altered and hardened; is now of a blue 
colour and a kind of porcellanite, bounded on the east by volcanic 
agglomerate and on the west by an intrusive mass of quartz
felsite. The volcanic agglomerate has undergone much alteration 
as well as the shale, and there is not much hope of obtaining fossils 
from this locality. 

LIAS. 

The locality in which the Lias fossils are found is about one mile 
south-east from that of the Rhretic patch in AlIt an Dris, and nearly 
half a mile due south from the top of Ard Bheinn. It is 300 yards 
north of a fork in the Ballymichael Burn, and near the head of the 
glen in a dry gully on the north-west side of the stream. The 
patch consists of brownish, crumbling', calcareous shale and impure 
decomposed limestone, in some parts of which fossils are abundant, 
but mostly in the form of casts. The exact area occupied by this 
shale cannot be ascertained, but it is probably 100 yards in length 
and nearly 50 yards in breadth. Between it and the stream is 
found a yellowish granophyre, and on the north-east side occurs 
a fine, dark, basic rock. On the south-west side of it occurs the 
volcanic agglomerate, the boundary between which and the shale 
appearing to be vertical, and in one place the two rocks seem some
what mixed. 
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My colleague Mr. B.N. Peach, to whom I showed this singnlar 
fragment of a formation, was the first to obtain fossils from it and 
to recognise their Liassic facies, and the joint collection then made 
by him and myself (June, 1900) was despatched to Mr. E. T. 
Newton, who fully confirmed :Mr. Peach's observations. In October 
of the same yea~ a further search at this locality was made by 
.Mr. Macconochie, which resulted in considerable additions to the 
original list. 'rhe fossils all belong to the LO'wer Lias (Ammonites 
anYIlLc[t'1('s zone), and no traces of any beds that will fill up the gap 
between these rocks and the Oretaceous formation have been found, 
so that it is very probable they were related to one another in 
Arran as they are in Irelanrl, where the Oretaceous rocks repose 
nnconformably on those of the Lower Lias. Mr. Newton has 
examined the whole set of fossils from this locality, and has 
furnished the following list of them :-

FOSSILS FROlVI THE LOWER LIAS (AMMO~ITES ANGULATUS BEDS), 

ARRAN. 

Ammonites (lEgoceras) angn· 
latus, Behlath. 

Amberleya acuminata, Chap. 
and Dew. 

Cerithium semele? 11Iartin. 
" sp. (ef Falsani, 

Dwnortier. ) 
Plenrotomaria tectaria, Tate. 
Arca? 
Astarte sp. 
Avicula lanceolata, Sow. 
Cardinia Listeri, Sow. 
Cardita Heberti, Terg. 
Goniomya sp. (cf rhombifera, 

Gold!; and sinemuriensis, 
Oppel. 

Gryphrea arcuata, Lamarck. 
Inoceramus (Crenatula). 
Lima pectinoides? Sowerby. 

Lima succincta, Behlath. 
Modiola sp. 
Myoconcha psilonoti ? Quenst. 
N ucula sp. (2 forms.) 
Nuculana (Leda) Tatei N. (=L. 

Renevieri, Tate.) 
Nuculana sp. (ef Quenstedti, 

Tate.) 
Ostrea irregularis? Quenst. 
Pecten subulatus? Goldf 
Pholadomya ? 
Protocardium truncatum? Sow. 
Tancredi a ? Peachi, n. sp. 
Unicardinm cardioides, Phillips. 
Ditrupa globiceps, Quenst. 

" sp. 
Serpula sp. 
Pentacrinus basaltiformis, Miller. 
\Vood. 

ORETACEOUS. 

Rather more than one mile to the east of the road Ballymichael 
Glen branches into two. A small stream comes in from the east, 
but the main valley continues in a north-east direction. A few 
yards above this fork there are lying at intervals in the bed of the 
main stream some blocks of a light-coloured limestone containing 
irregular lumps of chert or flint. They are not numerous, and 
have been apparently derived from the coarse volcanic agglomerate 
which forms here the western bank of the stream; for about 60 
yards from the branch stream a small trail of these limestone blocks 
was observed on the slope. There is, however, no mass of the rock 
anywhere, and no fragment large enough to be indicated on a map 
of any scale. The limestone of these blocks is in character remark
ably like to that of the chalk of Ireland, which is not a soft friable 
rock like that of England, but a hard and compact limestone, 
especially where it has come in contact with igneous rock. The 
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siliceous concretions in the limestone are irregular in shape, and 
occur just like flints in chalk or like chert in cherty limestone. 
They are almost pure white, certainly lighter in colour than the 
limestone itself, and they project on a weathered surface. The 
limestone itself is compact, fine-grained, and of a grey colour. 

This locality is only about 200 yards south ofthe patch or frag
ment of Lia;; already described, and the volcanic agglomerate 
occupies intervening ground. 

These blocks ,,,ere noticed by Mr. B. N. Peach in June, 1900, 
who remarked at the time on their resemblance in character to the 
Antrim chalk. They were afterwards, in October of the same year, 
searched by Mr. A. Macconochie, and the organic remains were 
examined by Mr. E. T. Newton, who has furnished the following 
list :-

FOSSILS FROM THE LIMESTONE AND CHERT OF BALLYMICHAEL GLEN, 

SHISKINE, ARRAN. 

Inoceramus (piece of shell show
ing prisms). 

Polyzoa (Entalophora? and 
Escharina ?) 

Echinoderm fragments. 
Porospluera globularis, d'OJ'b. 

Hexat,inellid sponge fragment 
(Plocoscyphia ?). 

Tetractinellid and other spicules. 
Globigerinacretacea, d'Orb. (amI 

other species). 
Textularia, &c., &c. 

Rather more than a mile N.N.W. of this locality, and 1100 yards 
N.E. from Derenenach, a mass of cherty limestone of the same 
character occurs in a cave on Ard Bheinn, and some specimens of 
the limestone taken from this cave contain Oretaceous foraminifera. 
This" pigeon cave," as it has been called, can be traversed for many 
yards sloping dmvnward in a W.S.W. direction. The arched roof 
of the cave, which slopes downward like the floor, appears to be 
composed entirely of basic igneous rock-one of the numerou 
intrusive masses of the vent. On the north side, near the entrance, 
occurs two to three feet of dark-coloured hardened shale, which dips 
westward at 20°-25°. Below this the section is somewhat obscure, 
but appears to be first basic igneous rock, then a light-coloured 
crystalline limestone-the Oretaceous rock-and afterwards a white 
baked sandstone or quartzite. These rocks on the north side are 
cut out on the south side by the arching over of the trap roof. Some 
of the limestone of this locality is converted to crystalline marble 
by igneous action, and all traces of organic remains have been 
destroyed. 

Probably other patches of the limestone occur in the agglomerate 
of this neighbourhood, as there is a line of swallow-holes about 200 
yards S.'IV. of the cave, and there is one about the same distance 
due south from the cave. 

Three quarters of a mile north-east from the "pigeon cave" of 
Derenenach is another cave in which limestone occurs, about 500 
yards south of Glcnloig. The locality where this occurs is called 
Oreag an Fheidh, and there is a steeply sloping hollow about 20 
yards wide running in an N.N.E. direction and bounded by crags 
on either side. On the western side of the hollow, and running in 
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the same direction as it, occurs a basalt dyke four feet in width, and 
there appears to be on the east side another dyke the width of 
which is not clear. The cave is on the western side of the hollow, 
and has a slanting opening some 12 to 15 feet high. It runs back 
at right angles to the hollow about 15 yards at the north end. It 
is at this part of the the cave that the limestone is visible, but it is 
very irregular in thickness, and only some two to three feet at the 
most, though, as the rock was once quarried, it may have been much 
thicker. It occurs in association with sandstone and some shale, 
and dips to the N.N.vV. apparently from 30° to 40°. A patch of 
limestone may also be seen at the foot of the crag on the eastern 
side of the hollow. The limestone at this locality is much altered 
by contact with intrusive igneous rock which overlies it, and 
which has converted it into crystalline marble. There is no trace 
of chert in it and no organic remains, so that it is doubtful to 
what geological period it belongs. The cave has no doubt been 
enlarged by artificial means, but it is certainly to a great extent 
natural, and water sinks at the western end at a place now covered 
by loose stones. Probably this was at one time open. 

An old road leads up to the cave. 
Headrick* notices the occurrence of limestone at this place, but 

was mistaken as to its mode of occurrence, and in another part of 
his work he gives the following analysis of the limestone (p. 345):-

Glenluig Chalky Limestone. 

Carbonate of lime, 
Clay, 

OTHER MASSES. 

98 
2 

100 

In addition to the above, there occur in the volcanic vent several 
large masses of a whitish, fine-grained sandstone, which probably 
are fragments of some Secondary formation. The largest of these 
is found in a line between the top of Ard Bheinn and the summit 
of Beinn Bhreac, and about 700 yards distant from the latter. It 
is some 250 yards in length and 15 to 20 yards in breadth, and 
forms a rather marked feature running in an E.N.E. direction. It 
is bounded on one side by agglomerate and on the other by granite, 
and it appears to dip nearly S.E. at an angle of 50°. 

The next largest mass of the same kind is found about 200 yards 
south of the "pigeon cave" and is oval in form, and apparently 
about 70 yards in length. Smaller patches of the same kind may 
be seen about 100 yards S.W. of the same cave. 

Other masses of sandstone occur about 150 yards north-east of 
the Rhretic patch in Allt an Dris, and 200 yards north of the old 
sheepfold On the same stream. 

" See Bibliogmphical Appendix, p. 181. 



CHAPTER IX. 

TCl'tia1'Y IgneOl<s Rocks. 

VOLCANIC VEXT. 

Reference has been made to the existence of a complicated area, 
composed of various igneous rocks, lying on the south side of the 
road leading from Brodick to Shiskine. It is of an oval form, 
between three or four miles in length, and embraces the high 
around of Onoc Dubh, A'Ohruach, Beinn Bhreac, and Ard Bheinn, 
~'hile its northern limit is the Machrie Water. The ring of acid 
igneous rocks which forms the exterior. of ~his mass is elsewhere 
described, and we have here to deal wIth masses of conglomerate 
and agglomerate of very irregular outline which occupy for the 
most part the centre of the oval. For some time the age of 
these fragmental rocks was doubtful, but a more careful examina
tion of some of the material found in them, and the discovery in 
various parts of the mass of separate portions containing Rhretic, 
Liassic, and Cretaceous fossils, established the post-Oretaceous or 
Tertiary age of the whole, which we must regard as of pyroclastic 
origin-fragments of various kinds of rock, both aqueous and 
igneous, that have fallen into the vent of an old volcano or have 
been forced up from below by explosive action. For the description 
of the Triassic marls, shales, and limestones of Rhretic age, the Lias 
shales, and the Oretaceous limestones, we must refer the reader to the 
foregoing chapter which treats of these rocks. In this place we can 
describe only the general character of the volcanic agglomerate and 
some ofthe igneous rocks which are intrusive in it. The fragmental 
material may be traced over an area two and a half miles in length 
by two and a quarter miles in breadth, and may have once extended 
farther. Masses of igneous rock, both acid and basic, penetrate 
the fragmental rock in all directions, isolating portions, and making 
a kind of patchwork, the separate parts of which have very 
irregular outlines. In many places the volcanic agglomerate has 
been intensely altered by the intrusive rocks, shale being changed 
into a flinty porcellanite rock, limestone into crystalline marble, 
and the matrix of the agglomerate generally profoundly modified. 
Probably quite one half of the area over which the agglomerate can 
be traced is occupied by these intrusive igneous rocks. 

The general character of the agglomerate is not easy to describe, 
for it varies much in different places. The matrix ofthe fragments 
is very often arenaceous, much like that of an ordinary coarse 
sandstone, and in this are found pebbles and blocks derived 
from various sources, igneous rocks of an acid character often 
predominating. 
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To the west of Ard Bheinn the rock may be called a brecciated 
conglomerate, which weathers of a brown colour, and when broken 
is founu to have a fine grey matrix. The included fragments are 
quartz pebbles (generally small), quartzites, acid igneous rocks such 
as granite and quartz felsite, schists, etc., all being rather angular in 
outline. 

In Creag Shocach, to the east of Glenloig, the prominent pebbles 
and blocks in the rock are grits and sandstones of various kinds, 
more or less angular, small quartz pebbles, and quartzite pebbles 
generally well rounded, like those found in the Lower Old Red Con
glomerates. In ascending the northern end ofthis cragwe finu many 
pebbles of quartz and quartzite in the coarse agglomerate, as well 
as several varieties of acid igneous rocks (but few of basic lavas) 
set in the ordinary grey paste. In the upper part of the crag is 
a quite different kind of rock, which is distinctly red in colour, 
with a sanely matrix containing only pebbles of quartz. All over 
the crag we find the nature of the rock varying. At one extreme 
is an agglomerate made up almost entirely of coarse angular or 
sub-angular fragments of sandstones, etc., of various shapes and 
sizes, with little or no matrix; while at the other the rock has a 
fine-grained appearance externally, and on a fractured surface is 
seen to consist principally of a bluish-grey hard paste imbedding 
small angular fragments. 'rhere is every gradation between these 
two extreme varieties. In no part is there any satisfactory indica
tion of bedding. rrhe rock weathers of the usual brown or rusty
brown colour where the grey matrix exists, but does not appear to 
be so much altered as in some other places-as in the burn to the 
west for example. 

In several places besides Creag Shocach the rock is a coarse 
conglomerate, very like the characteristic quartzite conglomerate 
of the Lower Old lled formation, and there is no doubt that this 
formation has contributed a large part of the material which now 
fills the volcanic vent, though it has in most cases been broken up 
and mingled largely with fragments of granite, quartz-felsite, etc. 
It is only in a few places that the brecciated rock assumes the 
character of a true volcanic tuff or agglomerate made up of igneous 
fragments alone, and basic lavas are seldom represented in it. On 
the east side of the Rhretic patch in Allt an Dris the rock has 
generally a fine dark-grey m:1trix, which in places is calcareous 
and becomes carious on the brown-coloured weathered surface. It 
contains pebbles of white quartz (small), and quartzite, 
always well rounded. Rarely there are pebbles of quartz-felsite, 
and the schist fragments are always angular. Occasionally there 
are no prominent fragments, and the rock then has m?re the 
character of a fine tuff. A pebble of amygdaloidal andeSIte was 
got out of the rocks about 500 yards north-east of Derenenach, 
and pebbles of similar character are apparently not uncommon 
between this locality and Creag MhoI', where, near the edge of the 
granite, the rock has a chloritic and ferruginous matrix, probably 
from altered basic tuff-material. At the junction with intrusive 
basic rock 100 yards south-west of the Derenenach cave, a speci-
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men showed a pebble of crushed and schistose grit (schist), besides 
the usual quartz grains, chips of andesite, etc. The agglomerate 
is much altered about three quarters of a mile south of Glenloig 
farm. One of the specimens collected from near the mass of 
altered shale described in Oha pteI' VIII. has a large piece of micro
granitic quartz porphyry in a fine grey matrix much metamorphosed, 
with abundant new-formed biotite. To the west of this, and near the 
edge of the granophyre or granite, there is a vein one and a half 
inches wide of a fine-grained biotite granite traversing the matrix 
of metamorphosed tuff, apparently of trachytic composition, with 
new-formed biotite; there are also fragments of metamorphosed 
basic lava ,,-ith much biotite. 

Some pebbles collected from the agglomerate in Allt Ruadh to 
the east of Derenenach are of felsite, with small isolated spherulites. 
Others are much decayed, but may have been andesitic in character. 
A fairly large collection of pebbles was made from the agglomerate 
in various localities, and they quite bear out the statement that of 
the igneous fragments those of a decidedly acid character predom
inate, though basic material may have entered more largely into 
the formation of the matrix. 

West of Oreag MhoI' the agglomerate comes probably directly 
into contact with the Lower Old Red formation, and there appears 
to be a break in the igneous ring. 

Between Beinn Bhreac and Onocan Biorach a portion of the 
fragmental rock appears to be surrounded by the later intrusive 
masses, and in two places we find the agglomerate outside the 
igneous ring, or only partly included in it. One of these is at the 
head of Benlister Glen, to the north of Onoc na Oroise. The extent 
of this cannot be ascertained, as it only occurs as a small section in 
the burn. A dark-greenish fragmental rock, apparently of a 
tuffaceous character, and considerably altered, occurs nearly close to 
the granophyre. The fragments are of quartz and of a felsitic rock, 
in a greenish matrix containing much hornblende (actinolitic) which 
has evidently been formed in sitn. The other locality is at Onoc 
an Biorach, on the south side of Ballymichael Glen, where a 
considerable mass of a dark, fine-grained, almost flinty rock, occurs 
around the Ordnance Station and to the south-west of it. Some of 
it is obviously fragmental, and portions which appear massive when 
examined under the microscope are found to consist of metamor
phosed gritty tuff with much new biotite. Along the eastern 
margin of the mass a coarse agglomerate is visible in two places. 
This area appears to be bounded by granophyre and quartz diorite, 
except on the south-west side, where it adjoins the rocks of the 
Upper Old Red formation. 

Some of the larger unfossiliferous masses included in the agglo
merate are described with the secondary fragments. 

The intrusive rocks of the vent have been generally described 
elsewhere, and some of the more important varieties, as granite, 
granophyre, quartz-diorite, diorite, hyperite, etc., have been more 
particularly noticed. There remain to be described here some of 
the more prominent intrusive masses that, together with the agglo-

F 
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merate, form the intricate patchwork of outcrops around Ard 
Bheinn, Two of the largest run along the western side of the hill 
in parallel bands; the outer a basic rock, and the more easterly a 
quartz-felsite, which becomes in places coarsely porphyritic, 'fhe 
basic rock, the course of ,,·hich has been given elsewhere ( see Ohap. X.), 
is an ophitic dolerite which, 200 yards S.E. of Oreag Mhar, is 
replaced by gabbro. 

The quartz-felsite is a light-coloured rock, somewhat coarse 
textured, and very different in character from most of the acid 
intrusions that occur between Ard Bheinn top and Glenloig. It 
covers a consider.able area, and has in places a width of outcrop 
amounting to nearly 400 yards. 

The dark rock at the summit of Ard Bheinn is magnetic and 
affects the compass strongly. It appears to be a felsite with a fine
gTained matrix containing whitish felspar crystals. Around the 
snmmit are some bands of a \vhite weathering rock of a more acid 
character apparently. Two hundred yards S.S.E. of the summit is 
a grey rock banded with red; it is a rhyolite with strong flow 
structure, and may be connected with the mass of quartz-felsite 
that runs along the west side of the hill, but there is some doubt 
whether it is not a portion of a fragmental rock to which it is 
adjacent, as there are several fragmental masses in the intrusive 
rocks of this part of the hill. 

A number of small, basic, intrusive masses occur about the 
Derenenach cave and around Binneill nah-U aimh, and others are 
found near the Glenloig cave, but most of the intrusive rocks of 
the north side of the hill are of an acid character. Those which 
occupy the largest area, and which are most regular in 
their outline, are either granite or granophyre. The 
masses with such tortuous outlines consist generally of a fine
grained, grey felsitic rock, sometimes almost of a flinty character, 
minutely jointed and breaking up into splinters. It forms 
prominent scars at Oreag Dhubh overlooking Glen Oraigag. Some
times the rock is of a darker colour and of a bluish cast. Quartz 
in small blebs is generally present in both varieties, and most of the 
rock is nearly 'white on the weathered surface. In places the 
jointing in this rock is beautifully close and parallel, and very 
striking. Good examples occur 300 yards south of the Glenloig 
cave and nearly a mile S.S.E. of Glenloig, both near the junction 
of felsite and agglomerate. The latter locality is about a quarter of 
a mile west of the main stream of Glen Oraigag. 

In several places in this burn about three quarters of a mile from 
Glellloig sections occur in a dark, almost black, fine-grained rock, 
which appears to alternate with masses of undoubted agglomerate. 
Some of the fine-grained rock is manifestly banded felsite, but here 
and elsewhere in this area it is almost impossible without the aid 
of the microscope to distinguish between the fine-grained massive 
rocks which are free from quartz and the highly altered matrix of 
the agglomerate where it is devoid of fragments. A pitchstone 
dyke pierces the agglomerate in a small stream two thirds of a 
mile south-east of Glenloig and nearly 300 yards west from the 
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main burn. It is dark coloured, two to three feet in width, with a 
hade to tlie south-west. It runs in a south-east direction, and 
perhaps has contributed in the formation of the prominent scar of 
felsite there. 

Intrusive dykes are seldom met with in Ard Bheinn, but a few 
occur in Glen Craigag. The deep and narrow gorge in which the 
stream runs, from 300 to 600 yards above Glenloig house, is 
occupied by a basic dyke \vhich here pierces the agglomerate. 
Another gorge nearly one and a half miles from the house, is partly 
due to a basic dyke which invades the granite. Other dyk~s, both 
basic and acid in character, are found in a higher part of the stream 
penetrating both agglomerate and granite. 

In many, if not most volcanic necks, the material forming them 
has often a more or less definite arrangement on a large scale, so that 
its different portions have an inclination to\yurds the centre of the 
vent. There is,however, no approach to such arrangement in the case 
under consideration. In fact, the evidence we have, so far as it goes, 
points to an inclination in the reverse direction, i.e., towards the 
circumference ofthe mass. This is noticeable in the material near 
both the caves, and in the edge of the agglomerate west of Eeinn 
Bhreac. 



CHAPTER X. 

Tertia I'Y Iyneolls Rocks-continued. 

GR,1XITE. 

Of the Tertiary intrusiye rocks of .Arran granite is by far the 
most important. It occurs in two detached areas, each of which 
has an oyal form. The larg'eroof these, ,,'hich is the nucleus of the 
northern portion of the i~land, has been a subject of interest to 
geologists since the time of Hutton towards the close of the 
eighteenth century. Its form is nearly circular, being eight miles 
by se\'en, and its circumference, yiewed on the large scale, is very 
eyen and regular, \yith no large projections or detached bosses, and 
generally its boundary is sharply defined. There are two varieties 
of the granite; one coarser-grained and earlier in age forms the 
exterior of the mass, \yhile a finer-grained and newer variety is in 
the interior. The coarser kind is composed mainly of quartz and 
orthoclase felspar., iyith abundance of black or brown mica in 
certain places, but generall~' the mica is not conspicuous. Some 
plagioclase felspar also occurs in the granite. Here and there in 
the granite, dykes, sheets, anel patches of a finer-grained rock occur, 
and these are not ahya\S later intrusions, but rather of the nature 
of segregations. for the)' may be seen sometimes to merge insensibly 
into the goeneral mass. Patches of this kind are not unCOlllmon 
near the Junction of the granite with the surrounding rocks. 

JHany joints trayerse the granite, and these in places are hori
zontal, or they dip at a comparatinly gentle angle, so that the 
rock has a remarkably bedded appearance (see Plate YIII., No.1). 
The most marked joints in other localities are yertical, or dip at 
steep angles into the glens, their inclination not seldom coinciding 
with the slope of the ground, and forming ground which is very 
difficult to traYerse. Occasionallv we find more than one set of 
joints dewloped in the sallle rock, "e.g., both horizontal and vertical 
joints, but the latter are generally most conspicuous near and 
parallel to the numerous intrusiye dykes. 

SOllle of the finest intrusiye junctions of the granite °with the 
older schists in North Glen Saunox were described by Hutton* more 
than a century ago, and these and other junctions at Tor Nead an 
Eoin, and elsewhere on the eastern side of the mass, have since 
been often referred to, but others quite as striking occur on the 
east side of Glen Catacol at 11adadh Lounie, and in several places 
north of Meall nan Damh. The granite maintains generally its 
ordinary coarse character near its junction with the schists, but 
there are seyeral places where it is fine-grained at the margin. 

* ~Ge his" Theory of the Earth," Y01. jii., p. 220. 
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Fin e - G l' a i 11 e cl G l' ani t e.-Several 'Hiters have described 
the finer-grained granite in the interior without, however, defining 
its exact boundaries. It is intrusive in the coarser variety which 
sunounds it, and is evidently of somewhat later date, but both 
belong to the same geological period and are probably parts of 
the same igneous magma, for they have generally the same sets of 
joints, and are alike pierced by similar dykes of pitchstone, felsite, 
quartz porphyry, and basalt. The finer variety occupies nearly all 
the west side of Glen Iorsa, so that on this side of the island the 
coarser kind of granite is but a comparatively narrow strip varying 
from one mile in width to not more than a furlong at Iorsa Loch. 
On the east side of the Iorsa most of the granite is of the coarser 
variety, and the boundary between it and the fine is tortuous, some 
bays of the fine being almost detatched and surrounded by the 
coarse. The fine granite occupies about 14 square miles, which is 
one third of the whole granitic area. 

All the peaky hills are formed of the coarse kind, the fine variety 
forming rounded or flat-topped hills, generally of lower elevation. 
(Plate 1.). Usually the fine variety breaks up into small slabs, 
which often so entirely covel' the surface of the ground that no 
solid rock is observable. The debris of this rock is nearly white 
in colour, while the decomposition of the coarse granite produces 
a coarse, brown sand. Occasionally, however, the finer granite 
becomes coarse-grained and massive; it then breaks up into larger 
blocks and forms crags. Good junctions of the two rocks are to be 
seen on the south side of Beinn Bhanain, on Sail Ohalmadale, and 
in Glen Easan Biorach. South of Beinn Bharrain the junction of 
the two rocks is generally a vertical line which passes across the 
jointing, and both kinds of granite may be cbserved in one and 
the same slab. In Glen Easan Biorach also, the finest junction at 
the foot of the stream running north from Oreag Dubh is vertical; 
but often in this glen the boundary line is not well defined for 
some yards, owing to admixture of the two kinds. There seems no 
evidence any·where that the fine overlies the coarse granite, and 
the appearances west of Oil' MhOI' relied on for the support of this 
view are certainly deceptive. 

In addition to the main mass of finer granite, numerous small 
dykes and sheets of it have been intruded into the coarse in varim-Ls 
places, but most of these are not large enough to be separately 
mapped. One of the largest detached masses occurs on the top of 
Beinn Nuis, between the Ordnance Station and the remarkable rock 
called Oaisteal an Fhionn. It is apparently of an oval outline, and 
its greatest length from north to south about 300 yards. Another 
is found near the head of Glen Sannox on the south side of 
Oaisteal Abhail, where the rock has a markedly jointed structnre. 
In this is a closely laminated band of fine granite, about nine feet 
in width, which may be traced for a hundred yards or more. This 
is a peculiar rock, and differs from the fine granite which surrounds 
it in having an approach to a lineal' arrangement of the quartz in 
the rock, and it weathers into such thin plates or slabs that at first 
sight it reminds one rather of a schist than of a granite. Its 
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Imninm, ho,\'ever, dip steeply to the west, exactly in the same ,yay 
as do the joints in the neighbouring fine granite. In some places 
it has the appearance of an injected vein. 

A specimen from 10rsa ,Yater, 650 yards below Loch na Davie, 
may be taken as a type of the fine granite. It consists essentially 
of quartz and the two felspars (oligoclase and orthoclase), biotite 
and hornblende occurring as accessory constituents. 

Drusy cavities containing smoky quartz and orthoclase crystals 
are common in both granites. 

The alteration of the surrounding rocks by the intrusion of this 
great mass of granite is much less than might have been expected. 
Often the metamorphism seems to amount to little more than mere 
induration, and the adjoining rock is in some cases not more altered 
apparently than sandstone is near some of the dykes in the island. 
'1'he fine-grained schistose rocks assume a bluer colour and break 
with a splintery fracture, while the Old Red Sandstone loses its 
purple or chocolate colour and becomes grey and very hard. 
Yet in most cases the bedding still remains distinct, though in 
some the bedding or foliation is rendered very obscure and a set of 
joints produced parallel to those in the granite itself. The altera
tion is perhaps greatest in Glen Rosie, where it seems to extend 
300 yards into the schi~ts from the junction. Between Glen 
Oatacol and Glen Easan Biorach the altered and hardened schist 
band is 200 yards ,vide or more, and it forms a marked ridge which 
is higher than the granite adjacent, and it also gives rise to gorges 
in the two streams. 

Under favourable circumstances certain minerals appeal' to have 
been developed in adjacent rocks by the action of the granite, as 
andalusite in the schists of North Glen Sannox, and epidote in the 
altered rocks at the "White ,Yater junction, and at AUt a Ohapuill 
neal' Oioch nah-Oighe. Biotite has also been dey eloped at the 
vYhite 'Yater by contact alteration. Perhaps the most marked 
instances of metamorphism are those which are found in 
certain basic c1ykes which are of earlier date than the granite 
intrusion. One of these, penetrated by granite or granophyric 
veins, is visible in the Onocan Burn below the old mill-dam.* 
It is an alterec1 dolerite in which the plagioclase fe18pars and 
the patches of iron ore haye retained their original characters, 
while the augite has been converted into aggregates of pale-, 
green hornblende, with which some brown mica is associated. 
On the opposite side of the maRS of granite another example of the 
same kind of alteration is found in a dyke nearly half a mile north
west of Lochan a Mhill. This is described by Ramsay (Geology of 
the Isle of Arran, p. 49), who, however, thought that the dyke was 
intrusive into the granite. One of the most marked examples of 
alteration by the granite is found in Glen 10rsa, 400 yards ,,y.N.W. 
of the boathouse, Loch 10rsa. A highly altered argillaceous 
schist seems totally reconstituted, and contains abundant andalusite 
in relatively large irregular crystals, and much finely-divided 

* This dyke is described Ly Bryce (" Geology of Arran," !th ed., p. (9), hut he does 
not notice tho alteration of it due to the granite. 
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biotite. This locality is nearly a quarter of a mile from the edge of 
the granite. In Glen Scaftigill, near the granite, a gritty schist is 
highly metamorphosed. There is ne\y-formed biotite in large 
flakes, and there has been a recrystallisation of much of the finer
grained portion of the rock, with doubtful andalusite formed in 
places. 

This large mass of granite comes into contact only with the 
schists and the Lower Old Red Sandstone, and is .certainly of later 
date than the latter formation. That it is also more recent than 
any of the other formations which are found in the island-Upper 
Old Red Sandstone, Oarboniferous, and Trias-seems very probable, 
from the fact that no fragments of granite are found in the rocks 
of these formations; and its similarity in character to the granite 
of the Mourne Mountains in Ireland, which is post-Cretaceous, 
lends support to the view that the Arran granite is of Tertiary age. 
This view is confirmed by the alteration observed in the dykes 
mentioned above, which are probably of 'l'ertiary age. Further 
evidence on this point \yill be adduced in a subsequent page . 

.A rea Sou tho f S t l' i n g R 0 a d.-The smaller granite area 
occurs south of the road leading from Brodick to Shiskine and 
occupies the highest ground in this part of the island, where are 
found the hills A'Ohruach, Beinn Bhrf'ac, and Ard Bheinn. '1'he 
granite is here associated with granophyre and quartz-diorite (into 
which rock it appears to graduate), and with many other intrusive 
masses, both acid and basic, which have penetrated a large volcanic 
yent of post-Cretaceous age. This oval district, which is extremely 
complicated in structure, is 3t miles in length from south-west to 
north-east, and 21 miles in breadth, and its area is about 7 square 
miles. 

Granophyre passing into granite and quartz-diorite occupies the 
south side of Glean ant-Suidhe (through which the String road 
passes) and all the highest ground to the south, from Cnoc Dubh 
by A'Chruach and Beinn Bhreac round to beyonn Ballymichael 
Glen.* A triangular detached portion runs along the cast side of 
Ard Bheinn and takes up a great part of Glen Oraigag. A smaller 
body of the rock runs \yestward from Glenloig and includes the 
granite of Oreag Dubb, nescribed by Bryce (Geology of Arran, 10th 
ed., p. 19). A detached area of granophyre occurs south-east of 
this, and another is found close to and due north of Derenenach. 
The common type of rock in most of the patches refened to, is a 
yellowish granophyre or granophyric granite, for in several places 
besides Ploverfieln ann Oreag Dubh the rock may be called a granite, 
e.g., in Ballymichael Glen; the burn north of Derenenach; the moss, 
half a mile due east of Ard Bheinn top; and 011' the east side of Glen 
~raigag, about three quarters of a mile E.S.E. ot Glenloig. Granite 
is also found in veins which penetrate the more basic intrusive 
rocks within this area. Granite veins in this way may be seen in 
the diorite mass at the head of Gleann Dubh, three quarters of a 
mile W.N.W. of Brisderg; and in a burn· 500 yards E.N.E. of 
Creag nam Mult, Gleann ant-Suidhe, granite with traces of 

* Tho" Ploverfield granite" of Necker and Ramsay is a portion of this mass. 
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granophyric structure is intrusive into a fine-grained basic rock, 
resembling some of the rocks described as diorite. 

Quartz-diorite is a very prominent rock in Gleann ant-Suidhe 
and in several of the streams that join it from the south, and it 
occupies a good deal of the high ground between A'Chruach and 
Beinn Bhreac, though here the exposures are not good as the hill
tops are covered with peat. There is a good exposure in AUt nan 
Calaman (which is the first stream to the west of Cnoc Dubh), and 
in the stream at Glenloig. It was probably in one of these streams 
that it was noticed and described by Zirkel 30 years ago (see his 
" Geologische Skizzen von del' vVestkiiste Schottlands," p. 30). The 
older writers, from Jameson in 1798* to Ramsay in 1841,t have 
described or included this rock under the head of syenite. It varies 
much in composition, in colour, and in grain. Sometimes the rock 
is light-grey, contains little hornblende, is very acid in character, 
and approaches granite in composition, as in a burn 150 yards 
north-east of Creag nam Mult, Gleann ant-Suidhe. The specimen 
described by Zirkel consisted of white felspar and greenish,·black 
hornblende with some quartz, plagioclase aud orthoclase felspars 
being both present. The rock often contains finer and darker 
patches which are richer in horneblende and appear to be more basic 
than the general mass of the rock. In fact, the composition of the 
mass seems to be constantly varying, and occasionally we 
find that the most basic portions of it are penetrated by acid strings 
and veins approaching granite in composition, which are probably 
derived from the same magma which produced the more basic 
portions. Some attemps were made to map the quartz-diorite 
separately from the granite and granophyre, but the attempt was 
given up because the rocks are so intermingled, and because it was 
evident that there are transitional forms betweeen the quartz
diorite and the granophyre, and practically the rocks seem to be 
but different stages in the consolidation of one and the same molten 
mass. At all events, this is the impression one gets after examining 
the sections in the burns on the south side of Gleann an't Suidhe. 

At the edge of the mass nearly half a mile south-west of the top 
of Beinn Bhreac. the granophyric rock is beautifully spherulitic. 
The same kind of structure occurs in a similar rock 300 yards 
north-east from the summit of Ard Bheinn. The rock forms here 
an oval patch about 40 yards long, the relations of which to the 
surrounding acid and basic rocks is not clear. The colour of it is 
nearly white on the weathered surface, but when broken it is seen 
to be a lllass of spherules, each averaging half an inch in diameter. 

In some places, as near the head of Ballymichael Glen, and 
between the heads of Glen Dubh and Glen Ormidale. the fine
grained granophyre of the edge of the mass appears to pass into a 
felsite-like rock. There is a great mass of this rock at the latter 
place, and the boundary between it and the granite and the 
granophyre to the west is not clear, 

* n. ,T ",meson, " An Outline of the Mineralogy of the Shetland Isles and of the Island 
of Arran, p. ~4. 

t A. C. Ibmsay. "The Geology of the Island of Armn from Original Survey.': 
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In Glenloig Burn, 200 yards ,Yest of the house, the rock is a 
granitite with traces of granophyric structure, and ferro-magnesian 
minerals are very scarce. 

One of the most instructive sections occurs in Ballymichael 
Glen, rather more than half a mile above the road, where we come 
on to the mass of igneous rock. After passing over several yards 
of yellowish, crushed, felsitic rock, which probably represents a 
dyke, we approach a massive, dark-grey, basic-looking rock, 
probably a variety of diorite. Higher up this rock appears more 
distinctly acid, a quartz-diorite in fact; and just below the next 
sharp bend in the stream an irregular, yellmy granitic band, four 
to five yards wiile, ,,-hich is intrusiye in the ilimite, crosses the 
burn. Some thin and still more acid veins penetrate both rocks 
alike. At the next bend aboye is a more basic-looking rock which 
may be a dyke, into ,yhich coarse granite intrudes, as also into 
granite or granophyre of the finer variety, while a thin acid vein 
or e1mn runs along the burn in the darker and more basic rock. 
At the next bend to the north the rock is more decidedly an acid 
variety of quartz-diorite. Just above this is another intrusion of 
granite, and then the rock in the stream assumes a very massive 
character, weathering into large rounded masses, with marked 
joints inclined across the burn northward. This is a dark and 
coarse quartz-diorite. At the next bend to the north we come 
upon the main mass of light-yellowish acid granite, much jointed. 
The junction appears to be an intrusive one, the granite being the 
more recent rock of the two. . 

From the foregoing description it will be gathered that the 
granitic rocks form an almost complete ring on the outside of the 
oval complex. Various members of this acid series of rocks come 
into contact with both members of the Old Red Sandstone and also 
with the Triassic rocks, and the sedimentary formations are in every 
case altered, so that the intrusive rocks must be of later date than 
these formations. The granophyre at the head of Glen Dubh is 
also clearly intrusiye into the mass of diorite there, which is nearly 
a mile in length, and there seems considerable evidence in favour 
of the view that this diorite is but a basic form ofthe quartz-diorite 
so often occuring to the westward. It, is certainly very difficult to 
separate the two rocks by any definite boundary line, though an 
attempt has been made to do so on the map, and the diorite may 
conveniently be considered as part of the igneous ring. 

The alteration effected by these igneous masses on the adjoining 
sedimentary strata is very great. Along the north side of the oval 
the actual junction of the igneous rocks "'ith the Old Red Sand
stone is not visible, and there is no opportunity of studying the 
altered rocks, but on the south and east sides the effects are 
marked. The red sandstones and conglomerates of the Trias and 
Upper Old Red Sandstone have their colour changeel to white and 
the rocks are converted in quartzites, while the more felspathic 
sandstones of the Lower Old Red formation are changed from a 
chocolate to a grey or bluish colour, their bedding sometimes is 
nearly obliterated, and the rock is very tough and hard. The 
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chocolate mudstones of the same formation are m like manner 
altered to flinty rock", resembling porcellanite. 

If ,ve nO'y examine the inside of this igneous ring we find that 
its yarious members are intruded into the material, filling up a 
large yolcanic Yent which is ImO'vn to be of post-Cretaceous age 
from the fossiliferous fragments included in it. There is thus a 
continuous chain of evide~lce in fayour of the Tertiary age of this 
granitic tract, and this age must now be accepted. 

Several,niters haye remarked on the resemblance of the granite of 
this outlying tract to the fine granite in the interior ofthe northern 
mass, and the eyidence for their being contemperaneous is very 
strong. On the specimen before referred to from 650 yards south of 
Loch na Davie, ~fr. Teall remarks that the rock is evidently the 
granitic phase of the magma which has elsewhere produced 
granophyre, so that both microscopic and field eyidence agree in 
assigning these rocks to the ::'ame age. The coarser granite, as has 
been alreariy shown, in all probability is only slightly earlier in 
date than the finer granite, and there is independent eyidence for 
its being of Tertiary age. Hence, we arri,-e necessarily at the 
conclusion that all three granites are practically of one geological 
period. 

If ,ye look at the geological map of this northern portion of 
An an we cannot help remarking on the nearly circular outline of 
each of the two areas in which gTanite is found, and that in both 
areas the sedimentary strata hm:e been effected in the same way, 
ha,-ing been upheayed so that their cUrI'ed outcrops, especially on 
the eastern and southern sides of the masses, are roughly parallel 
to the edge of the igneous intrusions. May there not be a still 
further res em blance; and as the smaller area is proved to be a 
yolcanic centre, may not the larger granitic area be the stump of 
an old "olcano ? 

G l' ani tic D Y k e s.-A dyke of pink-co;oured syenite may be 
seen in a small burn called AlIt nan Eireannach, about half a mile 
due south of Catacol. The point ,yhere the dyke is yisible is 150 
yards above the outlet of the stream. ,,,hich flmys into the Catacol 
Burn. The dyke has a course about ·'V.S.'Y., and is here intrusiye 
in clark phylEtic schists. Its ,\·idth is at least 6-7 feet, but it may 
be a little more, as the exact contact ,yith the schists is not exposed. 
This locality is about a quarter of a mile distant from the edge of 
the mass of granite, "hich the dyke does not much resemble III 

character. 
A granitic or granophyric dyke occurs in Glen Ohalmadale to 

the east of Lochranza, anc1 appears to have an K.N.W. course. 
I~ crosse~ the main stream of the glen at a point nearly due north 
of the Inll called the Olachan and 200 yards S.E. of the foot of a 
branch bum called Allt na ~reanie which comes in from the north. 
The rock is light-coloured, of rather fine grain, has many small 
drus}' cayities, and altogether much resembles some varieties of the 
finer granite of the interior or the granophyre of the southel'll tract. 
The dyke is from 25 to 30 feet wide, but only the central portion 
appears to be granitic; the ec1ges are finer in grain and of a darker 
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colour, and are probably of intermediate or basic composition. Tne 
dyke appears again in AlIt na :Meanie, but cannot be traced 
continuously. Rock, however, of the f'ame character app~ars at 
the head of a burn a mile distant to the northwest and a httle to 
the south of the most westerly of the old slate-quarries. This is 
quite three quarters of a mile distant in a straight line from the 
edge of the great granite maS8. 

The o-ranite dykes which are found within the granite area are 
much fi~er in grain than eyen the fine-grained mass of the interior; 
they are, in fact, of the nature of elvans, and seem essentially 
composed of felspar and quartz. 

FELSITE AND QUARTZ PORPHYRY, RHYOLITE, TRACHYTE, 

AND PITCHSTONE. 

RILLs.-'1'he larger sills and bosses of acid rocks other than 
granite are all in the southern part of the sheet. The most 
important of these are found at Dun Dubh near South Corrygills, 
near Cnoc Dubh north-west of Lamlash, the Windmill Hill on 
the north side of Glen Ormidale, Holy Island on the east side of 
Lamlash Bay, Torr Righ Beag on the west coast, and at Derenen
ach, and around Ard Bheinn. Many of the acid intrusions in the 
agglomerate on the north side of the latter hill are of a fine-grained, 
grey quartz-felsite, which is a white weathering rock. 'fhe quartz
porphyry of Windmill Hill is in general a rather fine-grained rock 
of a light-grey colour, and only here and there is it more largely 
porphyritic. It appears not to be pierced by any dykes of quart'" 
porphyry or felsite, though there are several in the crags south of 
Glen OrmidaJe and in the adjacent stream, whose course might be 
expected to cross it. It is penetrated, howeve:", by several basalt 
dykes, and crossed bv faults that are of earlier date than these 
dykes. The rock has'a yellowish, flesh-coloured, or grey, ground
mass, 'with white quart"l and orthoclase crystals imbedded in it. '1'he 
rock of Dun Dnbh is somewhat similar, and has been described as a 
rhyolite. It is disposed in fine nearly vertical columns on the 
north side, but these change to horizontal at the west end. 

The felsite sheets, which have seldom free quartz and are not 
usually porphyritic in character, such ns those of Holy Island on 
the one side of Arran and of Torr Righ Beag on the other, are 
probably of later date than the quartz porphyries. In the southern 
part of Arran we can see the felsite dykes and sheets piercing 
the porphyritic rocks, and in this area we have evidence that the 
felsite sills are about the most recent of all the intrusive igneous 
rocks, for we seldom find them pierced by the ordinary basalt
~ykes. None have been met with in the Torr Righ Beag mass or 
m .the felsite of Holy Island, though dykes are common in the 
adjacent rocks. A north-west running dyke on the South Corrygills 
shore does not penetrate the felsite sheet there, though it is traced 
for long distances on either side of it. The same felsite sheet 
appears two-thirds of a mile west from this place in a burn between 
North and South Corrygills, and here again it is clearly later in 
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date than a basalt dyke which crosses the burn at the same spot. 
The larger felsite sheets in the southern part of Arran are often 
beautifully columnar, but examples are not common in this area, 
though one occurs on the north-eastern side of Holy Island. 

The smaller felsite sheets, usually of a yellowish colour, are 
rather common near the head of the Birk Glen south of Brodick, 
and one which has been quarried appears by the side of the road to 
Lamlash, rather more than a mile south of Brodick pier. It is a 
somewhat fissile rock, fine-grained, of a pale-yellow colour, and 
minutely spherulitic. It has been described along with other 
felsites (Geol. Mag., vol. ix., p. 542) by :Mr. S. Allport. Two sills of 
this character are found on the Corrygills shore on either side of 
Corrygills Point, and these have been desci"ibed by several of the 
writers on the geology of Arran. 

DYKEs.-The dykes of quartz felsite which occur in Arran 
are not so numerous as those of basalt, and most of them occur to 
the south of the main granit,e area. Those which are found in the 

. northern part of the island may be counted on one's fingers. 
Even in the southern part of the sheet where they are abundant 
in the interior, as in Benlister Glen, Gleann Dubh, Glen Ormidale, 
and Glen Shurig, they are seldom met with on the coast, where the 
basic dykes far exceed them in number. The largest dyke on the 
shore is at An Cumhann on the 'vest coast. This is a coarsely 
porphyritic rock about 100 feet broad, running in a north-east 
direction. As a general rule the average width of these acid dykes 
exceeds that of the basic dykes. One of them is 150 feet wide on 
Beinn Tarsuinn, and has been traced southward for two miles or 
more, but in the southern part of its course it is not more than 50 
feet in breadth. Another appears to extend from the west side of 
Caisteal Abhail into the corrie south-west of Cir MhoI', and a third 
can be traced at intervals from the burn a quarter of a mile north 
of the Windmill Hill across Glen Shurig into Glen Rosie. 

Comparatively few of these acid dykes are of the type of the 
smaller felsite sills, which are often spherulitic and contain little or 
no free quartz; they are nearly all quartz felsites, and some of 
them are like the An Cumhann dyke before mentioned, coarsely 
porphyritic. 

PITCHSTOXE.-Dykes and sills of Pitchstone, for which the Isle of 
AlTan has long been celebrated, are pretty numerous in the island, 
and a good many of them occur i1'l. out of the way places in the 
interior y,hich are not often visited. This glassy rock, which in 
some parts is called bottle-rock by the natives, is found of various 
shades of green from a light yellowish green through various dark 
shades of the same colour to a black rock. Yellowish-brown and brown 
Yarieties occur, and occasionally the rock is reddish. In composition 
the rock varies from an almost perfectly clear glass to a coarse 
pitchstone porphyry, and there are spherulitic and banded varieties 
which remind us of similar structures in the felsites. 

Both the dykes and sills of this rock are, as a rule, much more 
irregular or inconstant than those of the basic rocks, or of the 
felsites or quartz porphyries, and we find sills changing into dykes, 
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and vice versa without any apparent cause. N one of the dykes or 
sills can be traced for yery long distances, and any attempt to 
correlate rocks of this character at widely separated intervals is 
futile. One of the longest as \yell as earliest described dykes is 
that on the Tormore shore, which can be traced for about 500 
yards. The dyke or sill at the Brodick schoolhouse can be followed 
for nearly 350 yards into the wood to the west, but its continuation 
is uncertain. The sill on the Clauchland shore so often described, 
can be followed soutlnyard, with breaks, for about 330 yard3, when 
it disappears on the foreshore. The dyke or sill south of Dun 
Fionn is traceable for 300 yards, and it may be continuous with the 
lower Corrygills sill, when its total length would be about 700 
yards. 

Altogether there are about 40 different pitchstone outcrops 111 

this sheet, and there are aho a good number in sheet 13. 

LIST OF ARRAN PI'ICHSTONES IN SHEET 2l. 

LAl\lLASH.-A black pitchstone dyke is in the burn near 
Clauchland's Cottage. Its direction appears to coincide with that 
of the burn at the point. 

DUN FIOi'm.-A dark pitchstone sill or dyke south of the fort 
accompanies a spherulitic felstone. 

DUN FIONN, East of.-A green columnar pitchstone sill near 
the shore, which has often been described. It is visible neal' the 
base of the crags for 150 yards, and dips S.S'-W. at 30°, nearly as 
the sandstone below it, but it clearly cuts the sandstone, though 
there is little alteration effected by it. Nearly 200 yards south of 
this it is visible on the foreshore for abont 50 feet in length. 

DUN FIONX, West of.-Two dark pitchstones occnr beneath 
the crags of the Clauchland Hills, between Dun Fionn and Dun 
Dubh. The lower of these, which may be continuous with that 
south of Dun Fionn, is about 15 feet thick. 

SOUTH CORRYGILLs.-On the shore, 650 yards north of Dun Fionn, 
a pitchstone two to three feet thick accompanies the large felsite 
sill there on the north side. 

SOUTH CORRYGILLs.-About 50 yards above the main road, and 
200 yards west of the road leading down to the shore, a pitchstone 
is visible for 25 feet in length. 

NORTH CORRYGILLS.-South side of branch stream close to main 
road, a pitchstone accompanies a felsite sill. 

NORTH CORRYGILLs.-Same burn, 500 yards S.W. of road, a dark 
pitchstone dyke running N.W. 

BIRK GLEN.-On old Lamlash road, dark-green pitchstone, often 
described. Also visible in the burn (Allt Beith). 

ALLT BEITH.-Dark pitchstone occurs near the head of Allt 
Beith about one and three quarters miles south of Invercloy. 

LAG A BHEIDH.-A dark pitchstone, probably a sill, about a 
quarter of a mile east of the Brodick and Lamlash road and 650 
yards E.N.E. of the Birk Glen outcrop. 
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OAR~ BA...,<.-On the south-east side of t.his old cairn three
quarters of a mile south of IIn-ercloy are lllany small fragments of 
a clark-grey pitchstone, probably nearly in place. 

GLEN CLOy.-South side of road, quarter of a mile north of 
Glelll'ickarel, a black pitchstone, probably a sill; three to four feet 
visible. 

EJ:WDICK SCHOOL.-A dark green pitchstone sill with prominent 
felspar crystals. It is much laminated, and the lamination is 
parallel to its npper and uneler surfaces. 

GLE:> SHCRIG.-A dark porphyritic pitchstone occurs haIfa mile 
west of the church in the road leading dmnl to the highest house 
in the glen. 

BEl:>:> A' CHLIABHAL'>.-A composite dyke with basic sides and 
porphyritic pitchstone centre occurs 50 yards north of the highest 
point, 2217, and again 300 yards tothe east. 

BEI::-':> KUIS.-A dark pitchstone dyke six feet wide is found 
about 500 vards south-east of the summit. 

BEl:>:> TARsn:>~.- A dark pitchstone is visible 150 yards 
south-west of the summit. There are probably other small out
crops on this hill. 

THE SADDLE.-To the east of Oil' MhoI' and nearly a quarter of a 
mile south-east of the Saddle is a greenish grey pitchstone, 
running nearly W.N.W. Some of it is columnar. 

OIR nIHOR.-Green porphyritic pitchstone forms the centre of 
the composite dyke on Oil' MhoI', running east and west, described 
bv Prof. Judd.* 

'OAlSTEAL ABHAIL.-On the ridge between Oil' Mhor and 
Caisteal Abhail a dark pitchstone dyke occurs in the cliff a little 
south-east of the strong spring, and a quarter of a mile south of the 
point marked 2735 on the one-inch map. 

OAISTEAL ABHAIL.-A dark columnar pitchstone occurs west of 
the highest point, and may be traced a considerable distance in a 
north-'lest direction by the loose fragments lying at the surface. 

Another dark-coloured pitchstone dyke may be found under a 
crag about 100 yards north of the summit. 

CREAG Dm-BH.-About a mile north of Caisteal Abhail a pitch
stone dyke about six feet wiele is visible for a short distance under 
the sca;'s of Oreag Dhu bh. 

PEXRlOCH.-North-east of Penrioch and nearly haIfa mile E.S.E. 
of Auchmore or South Thundergay is a remarkable porphyritic 
pitchstone, only ,-isible for about six yards. 

DUBH LocH.-On the slopes of Beinn Bharrain a quarter of a 
mile X.IV. of the Dubh Loch is a yellowish, streaky pitchstone, 
three to four feet wide, which may be traced to the IN.S.W. for 
nearly 200 yards. 

IOESA Y.A.LLEy.-In a stream about one mile N.E. of the outlet 
of Loch 'ranna there is a pitchstone dyke three to four feet wide 
with a course due north. 

IORsA VALLEy.-Near the heads of two small streams three-

* On composite dykes ill Arran.-Quart. Jour. Geol. Soc., vol. xlix., p. 543. 
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quarters of a mile north of Loch Nuis dykes and sills of various 
kinds of pitchstone crop out in at least four places. 

IORsA V ALLEY.-About 600 yards S.S.W. of the outlet of Loch 
Iorsa a dark green pitchstone with a width of seven or eight feet 
is visible for about ten yards. 

MACHRIE BURN.-A dyke of light-green pitchstone six feet in 
width crosses this stream in a N.N.W. direction about three 
quarters of a mile N.N.E. of Cnoc na Ceille. The stream here is 
called AlIt Airidh Niall. 

AucHAGALLoN.-In the stream a quarter of a mile north-east of 
the village there are two pitchstone dykes near together, and 
the more northerly of the two is accompanied by felsite. Both 
range somewhat north of east. 

AUCHAGALLON.-A small pitchstone dyke occurs in the old 
sea-cliff to the west of the village on the north side of a sandstone 
quarry. 

AUCHAGALLON,-A brown pitchstone also occurs on the shore 
about 80 yards south of the ferry. 

GLENLOIG.-In a small stream on the west side of the main 
valley, two thirds of a mile south-east of Glenloig Farm, there is a 
dark pitchstone dyke two-three feet wide. It runs in a north-west 
direction and hades south-west. 

TORMORE.-On the Tormore shore, opposite Torr Righ Beag, 
there are several dark pitchstone dykes. The largest and longest 
runs in a N.N.E. direction across the foreshore near An Cumhann, 
and then follows the shore-line in a more northerly direction a 
little above high-water mark. It can be traced altogether for 
about 500 yards. At its northern end another pitchstone dyke 
crosses the foreshore in an E.N.E. direction, but dies out in the old 
sea-cliff. 

Two hundred yards south ofthis point a composite dyke running 
in a N.W. direction crosses the line of the larger dyke first 
mentioned. This composite dyke has banded pitchstone on its 
north-east side. 

There are traces of pitchstone in more than one place to the 
south of Lecan Ruadh. 

From the local distribution of these acid dykes and sills in Arran, 
as well as from the local occurrence of the other acid dykes and 
sills of felsite, quartz porphyry, etc., it appears to be pretty certain 
they are not due to the widespread cause which produced the numerous 
Tertiary basalt dykes all over the West of Scotland, but are inti
mately connected with volcanic action or vulcanicity in the island 
itself. The distribution of the numerous basic sheets and bosses in 
the southern part of the island is a confirmation of this view, 
and they are probably also the products of local volcanic action 
which did not reach the surface. Many of the basic dykes, espe
cially those which are so numerous along the south coast, may also 
have had a local origin. 

One of the surprising things connected with the intrusion of the 
acid sills is the little alteration they effect on the rocks which they 
have penetrated. There was much dispute as to the intrusive 
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character of the pitchstone sill east of Dun Fionn on this account, 
and many other examples might be quoted. 

I~TERlIIEDIATE ROCKS. 

Masses of intrusive rock of an altered basic character are found 
in connection with the smaller granite area, and seem to be of 
earlier date than the acid rocks adjacent to them. 

H y peri t e.-To the east-south-east of Glenloig, about three 
quarters of a mile, there is on the east side of a little tarn a 
projecting mass of rather coarse black rock. It is somewhat balloon
shaped in outline, and about 250 yards in length. The rock is a 
hyperite composed of labradorite, dlallage, and hypersthene, with 
some insterstitial magnetite and biotite. It is surrounded by a 
granophyric rock, but no junction is visible. 

About a quarter of a mile N.N.vV. of this is Creag nam l\1:ult, 
a prominent object from the road "which runs through Gleann ant
Suidhe. The dark rock here forms a long and narrow outcrop with 
a steep face to the north, and consists of plagioclase, augite, hyper
sthene, and hornblende, "with some interstitial quartz and micro
pegmatite. In the middle of this mass, which is 250 yards in 
length, is a gully where may be a basalt dyke. The surrounding 
rock is a granophyre which appears to have penetrated the hyperite 
in veins. There is a small detached area of a simibr rock to that 
of Creag nan J'lIult 250 ym'ds to the north-east. 

Aug it e - P 0 r ph Y l' i t e.-About 500 yards east of Glenloig is 
a small section where two kinds of rock are seen-a coarse ophitic
dolerite, and an augite-porphyrite, which is probably intrusive in 
the former rock. This section is nearly close to the mass of volcanic 
agglomerate which is on the south of it. On the other side it is 
probably bounded by quartz-diorite, but no contact is visible. 

D i 0 ri t e.-The only mass of diorite of importance in the island 
is found at the head of Gleann Dubh (Glen Cloy). It is more than 
a mile in length (from N.E. to S.W.) by half a mile at its widest 
part, and it has an irregular outline, having penetrated the Old Red 
formation on its eastel'l1 margin, and being itself intruded into by 
granophyric and felsitic rocks on its western and northern edge. 
It is a massive, dark-coloured and generally coarse rock, with few 
prominent joints, forming crags on steep ground and rough rocky 
knolls on more gently inclined surfaces. N ear its contact with the 
Old Red Sandstone it is often fine-grained, however. At its S.W. 
end, between the branches of the burn, a district known as Til' 
Dubh, the massive rock of the knolls is pierced with many little 
acid strings and granite veins. A specimen from one ofthe bosses 
near the burn is a dark green rock composfld of plagioclase and 
green hornblende in grains and patches, with iron ores and a little 
biotite. N ear its northern edge the rock is coarsely crystallim>, 
with large crystals of diallage. Veins of granophyre and felsite 
penetrate the diorite in many places, especially near its north
eastern margin, in the crags on the north side of Gleann Dubh, 
,,·here the rock is often a light-coloured quartz-diorite. At the 
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head of Glen Ormidale are several long, narrow strips of a fine
grained greenish rock, which is probably derived from the same 
magma as the larger mass of diorite, and several small dykes of a 
similar kind of rock occur in the crags between the heads of the 
two glens. 

BASIC ROCKS. 

SILLs.-The largest mass of basic rock is that which forms the 
Clauchland Hills, and runs out to sea at Clauchland Point. It is 
a great intrusive sill, and fine intrusive junctions are visible near 
Clauchland Point (west of) and at several other places along it~ 
southern margin, the adjacent red sandstone being changed to a 
white, hard, quartzose rock. Reference may here be made to 
descriptions of this rock by Zirkel (Zeit. d. deutsch. Geol. Ges., 1871, 
p.38) and Allport (Quart. Journ. Geol. Soc., 1874, p. 563). It is 
often a coarse gabbro-like rock with large crystals of augite, olivine, 
and plagioclase, and without any groundmass. TJlis coarsely crystal
line rock passes into a more compact rock of a basaltic character, 
which is the type of the rock that prevails over a large part of its 
extent. Allport describes a specimen from Dun Fionn as containing 
plagioclase crystals, beautifully striated, augite and olivine in a 
remarkably fresh condition, magnetite, a few plates of brown mica, 
a little apatite, and a clear amorphous glass in the interstices of the 
constituents. This sill crosses the Lamlash road to the south of 
the Stone Circle, and shortly after narrows considerably, and then 
separates into two dyke-like portions, with sandstone between. It 
cannot be found in the most westerly branch of the Birk Glen 
stream. 

To the southward another considerable sill of coarse-grained 
dolerite, often much decomposed, is found at Cnoc Dubh, spreads over 
a wide extent southward, crosses Benlister Glen, and in Sheet 13 
forms the prominent hill called The Ross. The rock much 
resembles in character the sill of the Clauchland Hills. The hills 
called Sheeans to the N.W. of Cnoc Dubh, which form marked 
features in the view up Glen Cloy from Brodick, are composed of a 
finer and harder variety of basic rock. In the western Sheean the 
dark-coloured rock is variegated with numerous white acid strings 
and irregular veins, which appear to be segregations. Southward 
from the Sheeans are some smaller basic intrusions of a like 
character, and other masses are found round Brisderg intrusive in 
the Carboniferous and Old Red rocks. 

South of the String road at the summit occurs a mass of dark 
basic rock under the granitic crags. It is exposed in several small 
gullies, and appears to be an altered, coarse-grained, ophitic dolerite 
in which the augite has been replaced by green hornblende. This 
alteration is probably due to contact with the granite or granophyre, 
which is a late intrusion. 

In the north-eastern part of the island a considerable mass of 
basic trap, neaTly a quarter of a mile in length, is found to the 
west of Millstone Point. It is probably intrusive, but its 

G 



98 The Geology of North Arran. 

boundaries are not well defined, and it is by no means clear that it 
may not be of Oarboniferous age. 

A considerable number of separate basic masses are found around 
Ard Bheinn intrusive in the agglomerate of the volcanic vent. 
One of the most conspicuous of these forms a craggy ridge called 
Ol'eagan Liatha na Oluain Monaidh between the two branches of 
the stream near the head of Ballymichael Glen. At its eastern 
end this dark basic rock is highly magnetic. The largest mass 
runs from the west side of Ballymichael Glen in a north-west 
dire(]tion to above Derenenach, and then bends towards the north
east. It is altogether one and a half miles in length and more 
than 200 yards wide where it is broadest, and the rock of which 
it is composed is similar to that last mentioned and also highly 
magnetic in places. At a point 550 yards E.S.E. of Derenenach 
the rock is a natural magnet, possessing polarity. This basic mass 
is certainly earlier in date than the granophyre. Another mass of 
a somewhat different character, but also magnetic, is found round 
and at the top of Ard Bheinn, but this is rather a felsite. It has 
a fine-grained dark matrix which encloses felspar crystals, but 
there are no quartz grains. 

Perhaps the most interesting of all the Tertiary sills is that 
which traverses the Oarboniferous volcanic rocks in the southern 
part of Bute, and also cuts through a dolerite sill of late 
Oarboniferous age. This remarkable compound sheet rises from 
the sea at Roinn Olumhach on the west side of Glencallum Bay, 
and after a winding course of nearly two miles enters the sea 
again on the east side of Uamh Oapuill. Thus its general course 
is from east to west across the successive outcrops of the Oarboni
ferous lavas, which dip steeply to the south-west and form marked 
features striking north-west. 'fhe intrusive mass inclines south
ward, and forms prominent crags at its northern side, which are in 
striking contrast to those formed by the Oarboniferous lavas. This 
sheet rises to over 300 feet above the sea south of Torr Mor, where 
it cuts through the older intrusive sill, falls to about 100 feet near 
Loch na Leighe, and rises in St. Blane's Hill to 400 feet, which is 
the highest point it reaches. 

This peculiar sill has a basic centre with fringes or selvages of an 
acid rock above and below. A specimen from the central portion 
near Loch na Leighe is an enstatite dolerite, while the lower part 
is a quartz porphyry having magnificent crystals of quartz and 
sanidine imbedded in a crypto-crystalline groundmass. The 
quartz grains are corroded, and the felspar slightly kaolinized. 

The acid borders accompany the basic sheet throughout its whole 
extent, as fa.r as can be ascertained, though in some places they 
must be thin. Generally the quartz porphyry forms the actual 
boundary of the intrusive mass, but in one -place west of Loch na 
Leighe, where the lower acid sheet is 10 feet thick, there is from 
18 inches to two feet of amygdaloidal pyroxene andesite of a 
basaltic type interposed between it and the Oarboniferous Traps. 
The rock contains numerous derived quartz grains with pyroxene 
envelopes. 
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A little basic rock is also seen below four feet of quartz porphyry 
near the top of St. Blane's Hill on the north side. The greater 
part ofthe basic intrusion seems fairly uniform in character-a true 
dolerite, occasionally weathering in a nodular or spheroidal form, 
and sometimes rudely columnar. It is apparently only near its 
edges that it becomes an intermediate rock. 

The quartz porphyry is pretty uniform in character throughout, 
and always a coarsely crystalline rock. Rhyolite or eurite seem also 
to be names for this kind of rock, but the most appropriate is quartz
sanidine-trachyte. A specimen from the upper acid border neal' 
Roinn Clumhach is a good fresh rock with traces of derived basic 
matter. There is a spherulitic groundmass, and spherulitic aggrega
tions round the porphyritic quartz crystals. In the small 
outlier of this upper sheet east of Uamh Capuill the rock has a 
fibrous, delicate, spherulitic ground, which has broken up into 
granular crystals, as in the spherulitic felsite of Arran. Sometimes 
the rock contains dark objects which are probably pyroxene, and 
these may have been derived from a foreign source. 

At the base ofthe dolerite sheet, north-east of Uamh Capuill, the 
rock assumes variable characters. The more normal kind is an 
enstatite-augite-andesite of basaltic type, with a little minute 
biotite among the chloritic products of decomposition. These are 
derived quartz grains with augite prisms forming an envelope 
about them. Another variety is a glassy rhyolitic andesite, 
including some much corroded crystals. It is probably a rock of 
mixed origin, its rhyolitic character being due to absorption of 
highly silicated matorials. Minute biotite and pyroxene prisms 
occur, with much tufty chlorite. Other specimens contain porphy
ritic orthoclase of sanidine type and also porphyritic quartz, and 
the rock approaches the rhyolites in composition, but its porphy
ritic crystals may be derived. 

There seems evidence from the foregoing description that both 
the acid and basic portions of the intrusive mass contain foreign 
material; or do these last mentioned specimens indicate a passage 
from the basic into the acid rock? The association is somewhat 
like that described by G. S. Corstorphine in the rocks of Benan 
Head in the southern part of Arran (see his paper-" Ueber die 
Massengesteine des Siidlichen Theiles del' Insel Arran," Tscherm. 
Min. u. pet. Mitth. xiv., pp. 453-463 and 469). In both localities 
there is strong evidence for the view that the acid and basic rocks 
are practically contemporaneous. 

A specimen showing the junction of the acid and basic rocks 
from the south side of Barr Hill, east of U amh Capuill, is called 
granophyre and dolerite [2612J. 

DYKEs.-Basic dykes are very numerous in the Isle of Arran, 
but are not uniformly distributed. In some places they are 
abundant, as along the shore about Brodick from Invercloy east
ward to Corrygills Point, while they are few in number between 
Corrie and Sannox; in the Carboniferous formation on the north
east shore between the Fallen Rocks and the Cock; and again 
between Lochranza and Catacol. They are much more numerous 
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in the interior than would be inferred from an inspection of the 
geological map, as their outcrops are often covered by debris 
and glacial drift, and it is only in clear sections in bums that many 
of them can be observed, and then only for a distance of a few 
yards. 

These dykes vary in composition. Some of them are true olivine
basalts, while others, such as those described by Prof. Judd,* are 
augite-andesites. It ,,'as found impossible, however, to divide 
the dykes of Arran, which may be counted by hundreds, into these 
two classes, and they must all be coloured alike as basic. The 
amount of olivine in a dyke varies much, and it seems quite 
possible to obtain from one and the same dyke rock specimens 
containing olivine, and others without that mineral. 

As regards the direction ofthe dykes, there is a general tendency 
towards a north-westerly course, but there are many exceptions. 
Along the Brodick shore several of the dykes have a trend nearly 
north, and several of those found between Sannox and the Fallen 
Rocks have a similar direction with a tendency towards north
east. They do not often keep one direction for a long distance, 
for v·i.e Cl9serve them bending about in a zigzag fashion, separating 
into twC'f'.or more portions, enclosing clastic rock and uniting again. 
Gene~alrf their sides are vertical, and sometimes they project above 
the g~meral surface of the ground; but often they decompose more 
readily than the surrounding rocks, and form hollows along the 
shore and rifts in the cliffs. Examples ofthe latter may be observed 
in the ivy-clad rocks of the Corrygills shore, while marked examples 
of projecting dykes arc fonnd along the northern shore of Lam lash 
Bay, and in the Lion Rock and the Devil's Dyke of Great Cumbrae, 
east of Millport Bay. 

The dykes vary much in width. Some are but a few inches 
broad, while a great many, perhaps the majority, are less than ten 
feet wide. The dyke that has a W.N.W. course between Imachar 
and Balliekine on the west side of Arran is in places 100 feet or 
more in breadth. At Rudha Ban, North Penrioc, a dyke with a 
course parallel to the last is about 50 feet wide. On the south 
side of Brodick Bay the largest is from 30 to 50 feet; it runs 
nearly N.W. from the Birch· Bum, near the J<lree Church, to the 
shore at Invercloy. 

The absolute lengths of the dykes can only be determined in a 
very few cases where they are seen to die out on the foreshore or 
in inland cliffs. Probably a good many of the small dykes, which 
are only visible in burn sections, have a very short course, at all 
events above ground. As regards others mapped for some distance, 
we can but say how far they have been traced. The large Imachar 
dyke can thus be said to have a course of about one mile, and the 
North Penrioc dyke can be traced for three quarters of a mile. 
In the granite area west of Loch na Davie, a north-west running 
dyke has been followed over Beinn Bhreac for one and a quarter 
miles, and some W.N.W. dykes near Goatfell can be traced almost 
as far. One of the longest and most remarkable is that which 

* "On Composite Dykes in Arran." Qnart. Jonrn. Geo!. Soc., Vol. 49, pp. 536-565. 





Plate VllI , 

L Jointing in the coarser gra nite, near top of G oatfel l, Arran, 

2, Tertiary dolerite cl yke traversing" New Red Sandstone." The cross 
jointing is well shown. ECI,st of Broc\ic!< Pier, 
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forms the deep rift of Ceum na Caillich, east of Caisteal Abhail, 
crosses in a southerly direction the head of Glen Sannox, makes a 
gorge on the north side of the Saddle by no means easy to traverse, 
and runs for some distance down Glen Rosie, being altogether 
more than two miles in length. Probably it extends much farther 
in both directions; a dyke which appears in the bed of the Rosie 
Burn for some distance about three quarters of a mile above the 
Garbh AlIt being a probable continuation to the south. This 
dyke is 24 feet wide at Ceum na Caillich, 12 to 15 feet at the rift 
in the Saddle, and farther south in Glen Rosie about 10 feet. 

Dykes are perhaps nearly as' numerous in the granite as in 
the other rocks of the island. There are a great number about 
a'Chir and Beinn a'Cliabhain, but many of the dykes in the granite 
are small and might easily be overlooked. Some of them also, in 
addition to those above described, form deep, narrow rifts in the 
mountain sides, which require an expert mountain climber to 
negotiate. 

The alteration effected by these basic dykes on the adjacent rock 
is best seen where they traverse red sandstones, \yhen we always 
find that the rock is considerably hardened and the red colour dis
charged, so that the sandstone is white for a variable distance from 
the edge of the dyke. One of the most remarkable instances of 
this may be seen about 100 yards east of Brodick pier, where on 
the eastern side of a dyke running N.N.E. the sandstone is 
whitened for a distance of 30 to 40 -feet from the edge of the 
dyke (see Plate X-2). 

These numerous basic dykes appear to be nearly all of one age, 
though some, as we have seen, are older than the granite. Most 
of them, however, are more recent than the granite; they 
penetrate the coarse acid and basic sills, are less numerous in the 
fine grained basic sills, and are almost entirely absent from the 
felsite sheets. W. G. 

A YRSIDRE DISTRICT. 

Brief allusion may here be made to the younger dolerite or 
basalt dykes which are probably referable to the Tertiary series_ 
Several of these may be observed on the shore. The largest and 
most continuous has been already noticed running down to the 
coast at Portincross. It can be traced interruptedly for four miles, 
but it is lost before it crosses to the eastern margin of the 
volcanic plateau. As shown on the map, this dyke displays a 
feature not infrequently to be obserYed among the Tertiary system 
of dykes-the occurrence of short parallel dykes at no great distance 
from the main dyke. It will be noticed that the dyke is lost after 
it enters the west front of Law Hill above West Kilbride, but 
that two smaller dykes, a little to the north, continue the general 
line, while one dyke in the same line is found a short distance 
farther east on the south side of Blackshaw Hill. These interrup
tions probably point to parallel fissures, the uprising lava some
times forsaking one for another. 



102 The Gealogy of North Arran. 

A second and still broader dolerite dyke runs from the raised 
beach on the southern side of Largs for more than two miles up 
the slopes of the volcanic plateau. A. G. 

KINTYRE DISTRICT. 

A few basalt and dolerite dykes with well-defined margins and 
having a N.W. trend cut the schists at nearly right angles to their 
strike. These are of the ordinary type of the Tertiary basic dykes 
of the region. As might be expected, they are best seen on the 
shore. A small dyke is thus exposed at about half a mile N. 
of Skipness Point. No fewer than seven of these dykes are found 
between the mouths of the Skipness and Claonaig Watel's. Most of 
these are thin and of fine-grained basalt, none exceeding four feet in 
width, but one which occurs at about 400 yards N.E. of Sgeir na 
Luinge (Skerry of the Long-boats) is 20 feet across and is com
posed of coarse dolerite. Three more dykes are seen between the 
Cleonaig Water and the mouth of Allt a Bhuic (Burn of the Bucks), 
and other two are exposed in the bed of the latter stream a little 
way above the public road. A group of four dykes, varying 
from 10 to 20 feet thick, occur within a half mile on each side of 
Port Alasdair Ruadh (Port of Red Alexander), near the point 
where the coast is cut by the edge of the map. 

Inland, although they probably continue their course, the dykes 
more readily escape detection, owing to superficial deposits and 
the coating of turf-peat. In addition to those mentioned as 
visible in the Allt a Bhuic a dyke is exposed in the Larach Mol' 
Burn (Big Sheiling Burn), a tributary of the Skipness Burn, a 
little below Garveoline, while a small dyke is seen at the head of a 
stream on the eastern slopes of Cnoc a Moine Raibert, about one 
mile N. of Skipness. 

Although they cannot be traced inland, groups of similar dykes 
appear to occur together in such a manner as to suggest that ifthey 
could be followed they would be seen to branch and anastomose. 

B. N. P. 



CHAPTER XI. 

Petrograph!l of the Tertia1°Y J.qneous Rocks of Arran, Southern 
Bute, and the Ownlime Islands. 

The following notes are based upon specimens collected by l'.Ir 
Gunn during the progress of the survey, with some collected by 
Sir A. Geikie at an earlier time:-

(i.) VOLCANIC AGGLOMERATE. 

A number of specimens have been examined of the volcanic 
agglomerate of the large vent, and of the various rocks enclosed as 
fragments in it [9421-9430, etc.]. In general they show a 
gritty-looking matrix, stained of various colours, in which are 
imbedded pebbles and fragments of quartzite, vein-quartz, and 
other rocks. The matrix itself consists largely, and often princi
pally, of quartz-gTains, angular and sub angular ; but there is also 
finely divided instertitial matter, which is probably to be 
interpreted as representing basic igneous material, too much 
altered for identification. Often it is largely chloritic; in other 
cases there is a ferruginous or a ferruginous and calcareous cement 
[9423 and 9421]. In addition to quartz-grains, we find sometimes 
little crystals and fragments of felspar [9424J, grains of partially 
epidotized augite, and little chips of fine-textured basalt and 
especially of a pyroxene-andesite. 

Among the larger elements enclosed in the general matrix we 
may remark especially fragments and rounded pebbles of quartzite 
and vein-quartz. Numerous other rocks are represented in frag
ments of all sizes. One specimen has cavities which probably 
represent destroyed limestone pebbles [9423]. A piece of crushed 
and schistose grit occurs, showing films of sericitic mica, strain
shadows in the quartz, and a characteristic mylonitic structure 
[9424]. Especially noteworthy are the fragments of igneous rocks, 
including andesites [9426, 9427J, microgranitic quartz-porphyry 
[9428J, and biotite- or biotite-hornblende-granite [9479-9481]. 

The intrusive rocks which break through the agglomerate 
mass are various. Besides gabbro and granite, they include 
quartz-porphyries, an ophitic dolerite with pleochroic purplish
brown augite, pitchstone, and other rocks, all of types to be 
described below. The metamorphism produced in the agglomerate 
by these intrusions is evident in some of the specimens. One, 
traversed by a granite vein, is apparently a trachytic or rhyolitic 
tuff, in which biotite has been developed by metamorphism, while 
denser patches richer in biotite represent enclosed fragments of 
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andesite [9429]. Other specimens, representing the gritty ~uff 
,yhich is the most usualmrrtrix of the aO'glomerate, show in varymg 
degree the same deyelopment of ne;-formed biotite, resulting 
presumably from the metamorphism of the chloritic matter 
mentioned aboye [9430, 9-1,28]. In another specimen, from the 
edge of the mass, the chief product of metamorphism is a pale
green fibrous hornblende, often with partial radiate arrangement 
[6387]. 

(ii.) GRA::-IITE AXD OTHER PLUTONIC ROCKS. 

The first microscopical im-estiO'ation of the Arran granites was 
made by Prof. Zirkel, * whose acco:nt of the rocks was published in 
1871. ~Ir Teallt has added to this some particulars, and, like 
Delesse, has compared the Arran granites with those of the Mourne 
:Mountains in Ireland, doubtless also of Tertiary age. Several 
writers haye recorded the occurrence of special minerals in the 
druses of the granites. 

Although the northern a1"ea oj granite has be;n separated into 
coarser and finer Yal'ieties, the rocks do not differ in any important 
particular, excepting texture. They are biotite-granites, with some 
tendency to granophyric modifications. A specimen of the coarse 
type from the top of Goatf'ell [9469J show's crystals offelspar up to 
~-inch long and quartz-grains and mica-flakes up to i-inch. The 
rock of the central part of the area is of considerably finer texture; 
and the same is true of apophyses, in which also there is sometimes 
a porphyritic tendency, indicated by the occurrence of a few 
relatively large crystals of felspar [9476]. It can be seen in the 
hand-specimens that the quartz tends to form grains, which are 
sometimes enclosed in the felspar; also that the biotite, which 
occurs only sparingly, is often in very irregular shapes, having 
crystallized after part of the felspar. Another feature, very 
conspicuous in most of the rocks, is the occurrence of numerous 
little drusy cm-ities of irregular form, on the walls of which the 
quartz and felspar assume good crystal-faces. 

Thin slices reveal no other mineral, except an occasional grain 
of magnetite and some minute crystals of zircon enclosed in the 
biotite. The felspar is partly striated oligoclase, but chiefly what 
more resembles orthoclase. :Much of the latter, however, has a 
fibrous appearance, becoming more evident with incipient alteration, 
and probably indicating a microperthitic intergrowth. The quartz 
contains many minute fluid-pores with bubbles, and in some of 
these cavities Zirkel detected minute cubes of salt. The mineral 
is generally idiom orphic towards the orthoclase and microperthite, 
but it also tends to be intergrowll in an irregular fashion in those 
felspars. In the finer-grained type of rock the micrographic inter
growth is sometimes more regular, and one specimen from Glen 
Catacol, at the foot of Allt-nan-Calman, is a very beautiful 
granophyre [9471]. It contains much micropegmatite of a very 

. * Zeds. dwls. yeul. Gcs., 1'01. xxiii, pp. 6-9 ; 1871. 
l' Bnt. Peti'ofjl'«p7,y, p. 328; 1888. See also Ann. Rep. «eol. S"r. for 1896, pp. 75, 76. 
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delicate kind, which is often grown round the felspar crystals, and, 
when it surrounds orthoclase, has its felspathic element in crystalline 
continuity with the crystal itself. 

The granites of the northern and larger area, coarse and fine 
together, belong thus to a well characterised type. The British 
rocks with which they compare most closely are undoubtedly those 
of the Mourne 1>Iountains. The other British Tertiary granites
such as those of Skye and Mull-are usually hornblenclic 01' 

augitic, and they run more frequently than these into granophyric 
varieties. An interesting point in common between the Arran and 
the Mourne rocks is the occurrence of special minerals in the clruses. 
Albite, beryl, topaz, and garnet have been recorded in the druses 
of the Arran granite, besicles stilbite (Macculloch). 

A specimen from an isolated area of coarse granite in North Glen 
Sannox is found to be identical with the rock of the main mass 
[9475]. Some dykes traversing the mica-schists show a very 
different micro-structure. Two examples have been examined, one 
from Glen Ohalmadale and the other from S.VV of the Oock slate
quarry [9482, 9483]. They are fine-textured but still drusy rocks of 
pale colour. Both are found to be typical spherulitic granophyres. 
Orystals of quartz and felspar of small dimensions are enclosed in 
the spherulitic groundmass and have often served as nuclei for the 
spherulites. The inclusions in the quartz are here of glass, not of 
liquid. 

The granitic rocks of the more southerly area, forming part of the 
ring surrounding the volcanic vent, have many points in common 
with the preceding, and especially with the finer-grained variety of 
the northern area; but there are also points of difference which are 
probably significant. There is the same tendency to rude micro
graphic intergrowths and sometimes a frankly granophyric structure, 
the same abundance of quartz, and sometimes very clear indications 
of microperthitic intergmwth in the untwinned part of the felspar. 
There is, however, a somewhat larger proportion of the coloured 
silicates, and these embrace not only biotite, often as before of 
allotriomorphic habit, but also green hornblende accompanying it, 
or even almost excluding it. Granules of sphene come in occa
sionally, and in some slices there are conspicuous little crystals of 
zircon, in addition to the minute ones enclosed here and there in 
the mica. This description applies not only to the rocks intrusive 
in the volcanic agglomerate, but also to granite pebbles contained 
in the agglomerate itself and therefore derived from an older rock. 
It is interesting to find that here, as in the Isle of Skye, the frag
ments in the agglomerate preserve eyidence of the existence of 
older plutonic rocks which are not elsewhere exposed, and that 
these concealed rocks were of closely the same type as those 
subsequently intruded in the immediate neighbourhood. 
. The ring of plutonic rocks surrounding the volcanic vent consists 
1ll part of granite, but in part of more basic rocks which have been 
been termed quartz-diorite, diorite, and gabbro. The granite itself 
~hows by its mineralogical constitution a certain range of variety 
1ll chemical composition, the most obvious difference being in the 
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amount of the ferro-magnesian minerals. The increasing amount 
of hornblende obser,ed in a series of specimens, with other 
differences de,eloped concurrently, corresponds presumably with 
the transition noted in the field between normal granite and the 
type styled qUa?·tz-diorite. This latter was first described by 
Zirkel, * ",,'hose account is as follows :-" . A fine-grained 
aggregate of "hite felspar and greenish-black hornblende, which, 
in spite of the smallness of the indindual crystals, stand out 
clearly from one another, and quartz, "hich is first seen in the thin 
slice; plagioclase preponderates, but, as is common in similar 
rocks, there is some orthoclase present; green epidote borders the 
hornblende in places; the quartz is very rich in fluid-inclusions; 
except magnetite and apatite needles, often of surprising slender
ness with great length (e.g., a needle 0'9 mm. long and only 0'008 
mm. thick), felsitic matter is not present. Here and there occur 
roundish dark concretions, in which the constituents are still finer
grained and the hornblende predominates strongly, like the 
concretions rich in dark mica in the granites. The rock is thus a 
beautiful quartz-diorite, the only one of its kind known from 
Arran, and essentially different from the augite-bearing diabasic 
traps." 

Some of our specimens answer very well to this description. 
Oue from Glen Dubh, north side, for example, has all the characters 
of a typical quartz-diorite. It has not the fine texture of Zirkel's 
specimen. A thin slice [7447J shows that it consists principally 
of plagioclase felspar and abundant idiomorphic crystals of green 
to greenish-brmnl pleochroic hornblende. The plagioclase, as in 
most quartz-diorites, shows strong zonary banding between 
crossed nicols, indicating a great difference in composition between 
different coats of the crystal. It can often be verified that the 
interior and principaJ part is of labradorite, while towards the 
margin this passes successively through andesine and oligoclase to 
albite. Orthoclase is quite subordinate. Quartz too is not 
abundant, and always occurs interstitially, either by itself or in 
micropegmatite. 'The other minerals are magnetite, in fairly 
plentiful crystals and grains, and apatite, here building rather stout 
prisms to as much as 0'01 inch (0'25 mm.) in thickness. 

Examining and comparing other specimens, however, we find 
unmistakable indications that at least part of these rocks are of 
abnormal nature, in that they have not originated simply by the 
consolidation of an ordinary rock-magma. Almost all the slides 
show in the interior of many of the hornblende crystals a core of 
colourless augjte, with a highly irregular and intricate boundary 
between the t"o minerals which proves that the hornblende has 
replaced augite by a process which ate its way inwards into the 
the crystal. Nm'ertheless it is not a case of the simple conversion 
of augite crystals into hornblende, which might be a secondary 
change, for the crystals have always the external forms proper to 
hornblende. We may infer that the augite was transformed (in 
great part) to hornblende in a still fluid magma, and the crystals 

* Zeits. dClds. geot. Ges., vol. xxiii, p. 30; 1871. 
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thus transformed, wholly or in their external parts, continued to 
grow as hornblende, assuming the proper crystal forms. Thi~ 
suggests that the augite was of foreign derivation, and other 
peculiarities leave no doubt that this conclusion is the correct on:. 
The proportion of the ferro-magnesian element in the rocks IS 
variable, and this even in one specimen, a mottled or patchy appear
ance being often very evident to the eye. Further, there occur in 
some parts of the mass numerous ovoid dark patches, an inch or 
less in diameter, of finer texture than their matrix. These are the 
"concretions" of Zirkel, but they are to be interpreted as repre
senting the debris of a basic rock almost completely digested by 
the originally acid magma in which they were enveloped. Thin 
slices show that these" xenoliths," or enclosed foreign fragments, 
have been totally reconstituted, not merely by metamorphism but by 
interchange of material between them and the surrounding magma. 
The mineralogical composition of the dark patches, and especially 
the occurrence of a noteworthy amount of quartz and alkali-felspars, 
denotes a certain degree of acidification; and this is the case even 
when the patches appear quite sharply defined to the eye on a 
hand-specimen [7524]. 'l'he richness of the matrix in ferro
magnesian elements results from the correlated process of 
basification of the magma, which, however, results also in great 
part from bodily dissolution of the xenoliths, as proved by their 
rounded form. The mottled rocks without defined inclusions 
represent a further stage of intermingling between matrix and 
xenoliths, and the homogeneous-looking rocks, such as the quartz
diorite first noticed, represent complete amalgamation. 

A full petrographical account of these interesting rocks cannot 
be given in this place. The interpretion set forth is arrived at in 
~he light of very similar phenomena displayed at numerous localities 
m the Isle of Skye, where they have been studied in detail. One 
case of the modification of a granophyre by incorporation of a large 
amount of gabbro debris has already been described.* This is 
near Kilchrist in the parish of Strath, and it presents a special 
point of resemblance to the Arran occurrence, in that the rocks are 
intruded in the form of a broken ring at the edge of a large 
volcanic vent filled with coarse agglomerate. 

Our observations are not sufficient to warrant the assertion that 
the basic rock represented by the highly altered xenoliths in Arran 
has been, as in Skye, a gabbro; but perfectly typical gabbros are 
found in the neighbourhord, and are in all respects comparable 
with those which form larger masses in Skye, Mull, etc. Two 
sp~cimens of rocks intrusive in the agglomerate of the vent illustrate 
thIs: they are from 200 yards S.E. of Creag Mh6r Derenenach 
[9435, 9436]. The rocks are of average texture, and consist 
ess~ntially of felspar, sub-ophitic light-brown augite, and irregular 
gra~ns . of black iron-ore. The felspar is a labradorite, with 
extmctIOn-angles up to 34° in symmetrically cut sections. The 

* Hr.;ker, "On Certain Granophyres, modified by the In~orporation of Gabbro-Frag-
ments, III Strath (Skye)." Quart. Joum. Geol. Soc., vol. Iii, pp. 320-328, pl. xiii, xiv; 
1896. 
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augite has a strong striation and schiller-structure parallel to the 
basal plane. Oli,ine is apparently not present. A rock from 
another locality has all the appearance of a gabbro in which the 
augite has been completely transformed to green hornblende [7536J. 

One of the most interesting of the Arran rocks is that which has 
been designated hyperite. It is a very fresh rock of dark aspect 
and of moderately coarse texture, the pyroxene and felspar being 
clearly distinguishable in a hand-specimen. An example from three
quarters of a mile E.S.E. of Glenloig Farm [7530J gave the specific 
grayity 2'97. In a thin slice it is seen that by far the greater part 
of the pyroxene is of the rhombic kind, though some augite is also 
present. The rock might therefore be termed nm'ite. The dominant 
pyroxene is of pale colour, but always decidedly pleochroic, varying 
from a reddish to a greenish tint. It may therefore be called bronzite. 
Both this and the augite show schiller structures, parallel to the 
pinacoidal and basal planes, but not constantly developed. It is 
especially noticeable that these minerals have the ophitic habit, a 
circumstance not common in rhombic pyroxenes. The felspars are 
perfectly fresh, but show, except at the border of each crystal, a 
dirty appearance due to very minute inclusions. Oarlsbad and 
albite twinning are found, and the extinction-angles in symmetri
cally cut sections rise to 33° or 340, indicating labradorite but not 
one of the more basic varieties. Grains of black iron-ore occur, 
moulded on the felspar, and occasionally little scraps of biotite 
clinging about the iron-ore. 

Specimens from Oreag-nan-Mult show many points of resem
blance ,,·ith the preceding, but also certain differences, and they 
may be termed quartz-hyperite [7501, 7532]. Here the accessory 
iron-ore is idiomorphic, and apatite becomes a noticeable con
stituent. Augite is abundant as well as bronzite, and there is also 
a considerable amount of strongly-coloured hornblende, varying 
from brown to green. The browner kind has proper crystal 
outlines, and is therefore a primary constituent of the rock, but 
it often contains a core of pyroxene, about which it has grown 
with the usual crystallographic relation. The greener hornblende, 
on the other hand, is evidently formed at the expense of pyroxene, 
usually if not always of augite, and relics of the latter mineral, of 
highly irregular form and with intricate boundaries, are often pre
~ened in the interior. Not only the pyroxene, but the felspar 
also has a ,yell-marked schiller-structure, the arrangement follow
iJlg the two pinacoid planes and the basal. Finally, and especially 
characteristic of this rock, there are interstitial patches consisting 
of delicate micropegmatite. 

It seems possible that the conversion of augite to hornblende in 
these latter rocks may be an effect of metamorphism due to the 
neighbouring granophyre, but this is not a necessary supposition. 

(iii.) SYENITE DYKES. 

A very unusual type of rock forms an E.-W. dyke 150 yards up 
Allt-nan-Eireannach, on the south side of Glen Oatacol. It is a 
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hornblende-syenite. It has a medium texture, the greenish ho~n
blende and pinkish felspar being clearly distinguishable. A speClfic 
gravity determination gave the figure 2·76. In a thin slice [9419J 
the abundant crystals of hornblende are seen to be well shaped, 
with the usual habit. They arc usually 150 to io inch in diameter, 
and are of brown colour, a character not usually found in syenites 
excepting those rich in alkalies. These idiomorphic crystals of 
hornblende are set in an allotriomorphic aggregate of felspar, 
twinned and untwinned; apparently oligoclase and orthoclase, the 
latter predominating. The only other constituents of the rock are 
small scattered crystals of magnetite and rather abundant needles 
of apatite. 

About 600 yards south of the above dyke is another parallel one, 
which is highly metamO?]Jhosed by the granite. This dyke is men
tioned by Ramsay, who, however, mistook its relation to the 
granite. '1'he specimen [9414J, traversed by a ~-inch vein of 
granite, shows a rock of somewhat coarser texture than the preced
ing, the little black crystals contrasting sharply with the white 
felspar in which they are imbedded. Under the microscope the 
rock shows, however, a very decided resemblance to the other. 
The hornblende crystals, here often T~-inch long, show the same 
well-shaped outlines, but each is wholly converted into an aggregate 
of biotite-flakes. There are in addition some rather irregular 
crystals of pale augite, not found in the former dyke, and these 
show a partial conversion to biotite but never complete replace
ment. The felspathic element of the rock has much the same 
characters as before, though it has apparently been recrystallised, 
and the little needles of apatite are also seen. Imbedded in the 
clear felspar, but clustering thickly in the neighbourhood of the 
biotite-aggregates, are a vast number of minute rods, apparently of 
augite, doubtless a new-formed mineral. '1'hose rods which are 
actually attached to the biotite-pseudomorphs after hornblende 
have a parallel arrangement. 

Excepting only the original accessory augite, this rock must 
prior to metamorphism have been practically identical in character 
with the other, and the two seem therefore to represent a special 
group of dykes, certainly older than the granite and not known 
to cut any other rocks than the schists. The type being quite 
unlike anything known among British Tertiary igneous rocks, it 
seems not unlikely that these dykes belong to a much older suite 
of intrusions. 

(iv.) QUARTZ-PORPHYRY SILLS AND DYKES. 

A suite of specimens from the acid sills of the district shows 
comparatively little variety among the different occurrences. The 
cO~lmonest type is a quartz-porphyry rich in porphyritic elements, 
',:l11ch are quartz and felspar, the former usually t to t inch in 
dIameter, and the latter with a length of t to t inch. These are 
often rather closely crowded in the grey groundmass, which is 
of fine-texture, no other mineral being evident to the eye except 
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in some examples an occasional flake of dark mica (Drumadoon, 
etc.). Thin slices show that the felspar is commonly sanidine, 
though often accompanied by some oligoclase in addition, Both 
quartz anCl felspar, but especially the former, contain abundant 
minute glass-inclusions, and sometimes larger inclusions of the 
groundmass, besides having often a rounded or irregular outline 
indicative of magmatic corrosion. The biotite is often considerably 
altered, and its presence is sometimes only to be inferred from 
brown ferruginous patches. In no case is it abundant. Rarely a 
little crystal-grain of augite is seen [6396]. The groundmass is 
al ways micro-crystalline, sometimes having the felspar in little 
crystals upon which the interstitial quartz is moulded, but more 
usually with a granular structure and with varying degrees of fine
ness of texture. There is in this common type little or no approach 
to spherulitic or other intergrowths, though exceptionally we may 
see a tendency to micropegmatite in a narrow fringe on the border 
of a felspar crystal [6396]. Rocks answering to the above general 
description constitute the large sills at Drumadoon Point and 
Corrygills and numerous others. 

A less common type shows a more evidently crystalline, though 
still fine-textured, appearance in a hand-specimen, and is without 
conspicuous porphyritic elements. A thin slice of one of these is 
seen to have the character of an ordinary microgranite [6384]' 
This rock is from the west branch of Urie-Loch Burn in Arran. 

There remain the spherulitiG varieties. These, as represented in 
the specimens, are not conspicuously porphyritic, though the 
microscope shows a few small crystals of quartz, T~ro to ';0 inch in 
diameter, and occasionally a small sanidine. The spherulites are 
very evident to the eye, owing to their assuming a pale tint with 
weathering. They are usually not more than fu inch in diameter, 
but in some specimens as much as t inch. Two specimens 
[6406, 6407J, from near Tormore, have very perfect spherulites 
exhibiting the black cross with polarised light. They tend to grow 
round such porphyritic elements as are present. In the former 
of the two rocks the spherulites are isolated and surrounded by a 
finely crystalline or cryptocrystalline groundmass. In the second 
rock the spherulites are more closely packed, with a smaller 
proportion of interstitial groundmass, which is here microcrystalline, 
probably owing to recrystallisation. There has been some ferro
magnesian mineral, probably augite, now destroyed and represented 
only by rather abundant chloritic matter, which shows as little 
dark patches on the hand-specimen. 

It seems probable, from comparison, that a microcrystalline 
groundmass in these spherulitic rocks is in general the result 
of secondary changes. The spherulites themselves seem to have 
been less readily affected, but in a number of cases these too appear 
to have been recrystallised. The radiate structure is not quite 
lost in the process, but the excessively slender fibres have been 
destroyed, giving place to irregular narrow sectors, each of which 
polarises uniformly throughout its extent. A good example of 
this is furnished by a rock from near the head of Sliddery 
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Water [6372]. Another specimen [6398] from the neighbourhood 
of Sliddery Water, illustrates a further stage of alteration and a 
more complete disguise of the original nature of the rock. 'fhe 
little round spots representing the spherulites are still very 
apparent on the hand-specimen, and they are seen as relatively 
clear areas in a thin slice, but all trace of their radiate structure has 
been destroyed by the recrystallisation as a granular aggregate. 

The type of quartz-porphyry first described seems to be char
acteristic of the larger sills, while the spherulitic type is exemplified 
by sills of smaller dimensions. Corstorphine* has a like observa
tion. 

The acid dykes have not been studied in such detail as the acid 
sills, but it is clear that they present petrographically a general 
correspondence with them. The quartz-porphyry rich in phenocrysts, 
which appears to be the general type among the large sills, is also 
represented among the dykes. A specimen [2455] from King's 
Cove is in all respects identical with those described above, having 
abundant corroded crystals of quartz, i-inch in diameter, and of 
sanidine, often more than i-inch long. Another dyke-rock [6381], 
from Allt Dhepin, a mile south of Loch na Leirg, is essentially 
similar, but with smaller porphyritic crystals. 

Besides these rocks, there are other acid dykes belonging to a 
different set of intrusions. They are closely associated with the 
pitchstones, and some of them have arisen by the alteration of 
rocks which were originally pitchstones. These will be noticed 
below. 

(v.) DOLERITE SILLS, INCLUDING TESCHENITE. 

The basic sills of Arran present some variety of petrographical 
characters, and doubtless of composition. Zirkelt states that the 
sills, with the dykes which fed them, are mostly free from olivine, 
and often carry quartz; contrasting with the later basic dykes, 
which are usually olivine-bearing and never contain quartz. 
Allport,t who, like Zirkel, believed the sills to be of Carboniferous 
age, described an olivine-dolerite from Dun Fion, besides other 
doleritic rocks from Kildonan and Dippin. Corstorphine§ has also 
given descriptions of some of the basic sill-rocks in the southern 
portion of the island, including some quartz-bearing examples. 

While quartz in these rocks is certainly often of foreign origin, 
it is in some cases a normal constituent. A good example of these 
normal quaTtz-dolerites comes from the north side of Glen Dubh. 
It is of quite coarse texture, and, like some other rocks in this 
collection, might be equally well named gabbro on petrographical 
grounds. It closely resembles some of the gabbros of Carrock Fell 
in Cumberland, or the coarsest portion of the Whin Sill of Tees dale. 
Tllf' augite and felspar are very evident, but the quartz is visible 

* Ts~hel'm. Nin. Pet~. Nitth., v~l: xiv'.l' 455 ; 1895. 
t Zeds. deuts. geol. Ges., vol. XX11l, p. _1 ; 1871. 
t Quart. JOUr/t. Geol. Soc., vol. xxx, pp. 562-564 ; 1874. 
§ Tscherm. Nin. Petl·. Nitth., vol. xiv, pp. 460-469; 1895. 
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only here and there in small spots. The specific gravity of the 
rock is 2'87. In a thin slice [2458J the felspar is found to be 
labradorite, with carlsbad and albite twinning and with strong 
zonary banding in polarised light, this being a constant feature in 
normal quartz-gabbros and quartz-dolerites. The pale-brown 
augite shows occasional striation and schiller-structure, parallel 
sometimes to the orthopinacoid (diallage-structure), sometimes to 
the basal plane (salite-structure). Needles of apatite and irregular 
grains of black iron-ore occur as accessories; and there is occasion
ally a flake of dark biotite intergrown with a fibrous light-green 
hornblende, which in places has been formed at the expense of 
the augite. Quartz is fairly abundant, partly in interstitial grains, 
but chiefly in interstitial patches of micropegmatite. The felspathic 
element of the latter is probably orthoclase, but is so turbid as to be 
almost opaque. ' 

It is probable that some of the coarse doleritic rocks which are 
free from quartz contain orthoclase. A rock from Cnoc Ballygown 
is an example [6389 J. It shows interstitial patches of a very 
turbid, apparently unhvinned, felspar moulded upon the zoned 
plagioclase crystals. In this rock the augite is idiomorphic. 
Apatite needles and crystals of magnetite are found as usual. 
Another specimen [6390J has little augite, and is much richer in 
orthoclase, as if graduating into a felspar-porphyry. 

Other coarse dolerites are of types familiar in many districts. 
Ilmenite, with encrusting patches of leucoxene, is sometimes found 
instead of magnetite [6375]. In the more altered rocks the augite 
is sometimes replaced by a scaly aggregate of green chlorite. In 
other cases it has been converted into green hornblende, still 
preserving a partial diallagic structure [7536]. 

Olivine-dolerites are also found among the sills, as recorded by 
Allport, though, if our collection is representative, they are in a 
minority. An example comes from near the bend of Allt Cul
na h-Eildor [6374]. It has not the ophitic, but rather the granu
litic type of structure, and consists essentially of little striated 
"lath-shaped" crystals of labradorite, with a tendency to parallel
ism in places, pale brown augite, and serpentinous pseudomorphs 
after olivine. There aro a few larger and broader crystals of 
felspar, and some magnetite and apatite are present. This rock, 
forming only a thin sill, is of finer texture than those described 
above. 

A peculiar rock is that which forms a large oill in the south
eastern corner of Arran, and may be termed tesBhenite. It has 
been desc;:ibed (under the name olivine-bearing analcime-diabase) 
by Corstorphine,* but is of sufficient interest to be noticed here. 
It is represented in our collection by five specimens from Dippin 
and Kildonan. 

In hand-specimens the rocks appear as ordinary coarse-textured 
diabases, dark in colour, but with some variation in the relative 
proportion of black augite and white felspar, etc. A specimen 
[6361] gave the specific gravity 2'89. Thin slices show a 

* Tschml!. 11Iin. Petro ~btth., vol. xiv, pp. 463-465 ; 1895. 
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typical ophitic structure. Olivine is abundant in irregular 
crystal-grains, sometimes fresh ["6361], but usually replaced 
by green or yellow-brown serpentine. Apatite is always 
abundant in little prisms about O'OI-inch long, or varying 
from 0'005 to 0'02 inch. Black iron-ore is also rather plentiful in 
grains and imperfect or skeletal crystal shapes; probably magnetite 
for the most part, but in some cases with outlines suggestive of 
ilmenite. The felspar is in crystals ,,·hich give elongated 
rectangular sections, with Carlsbad and albite twinning. It is 
labradorite, but not usually of a very basic variety. The ophitic 
plates of augite show in thin slices the light purple colour and 
decided pleochroism often seen in the augite of nepheline-clolerites 
and other rocks rich in alkali, and probably indicating a certain 
content of soda and titanic acid in the mineral. Rotating' over a 
Nicol's prism, the colour is often seen to change from a 
purplish or pale claret tint to pale apple-green or pale 
brownish-yellow. In natural light the ruddy colour is some
times seen to pass gradually in one crystal into a pale apple
green, which is also pleochroic. Most of the crystals show, though 
imperfectly, the hour-glass structUl'e which is so generally associated 
"'ith augite of this kind. Small flakes of brown mica occur rather 
rarely in the rock. 

In addition to thA foregoing minerals there are abundant wedge
like and irregularly-shaped spaces occupying the interstices 
between the felspar and other crystals, and often enclosing 
numerous needles of apatite. These spaces consist in general of 
analcime, clear, colourless, feebly refringent, and isotropic, rarely 
"'ith obscure traces of cleavage. In other cases ~we find patches of 
zeolites partly or wholly taking the place of the analcim8, forming 
a yellowish aggregate* with more or less pronounced radiate-fibrous 
structure [6361,6887, etc.] and, if not too fine, showing brilliant 
interference-colours. Corstorphine identifies natrolite and scolezite: 
the former might be derived from the analcime, but the latter 
would have to come from the felspar. In our slices the fibrous 
zeolites seem clearly to be formed at the expense of the analcime, 
and are found only in association with other secondary changes in 
the rock. The analcime itself has all the appearance of an original 
constituent of the rock. It is most abundant in the freshest speci
mens, and is there perfectly pellucid and unchanged; in other 
specimens it is seen in process of conversion to what is probably 
natrolite. Corstorphine recognises that the analcime cannot be 
derived from the felspar, which is often quite fresh, but he supposes 
it to represent vanished nepheline. While this is possible, there 
is nothing whatever to indicate the former presence of nepheline, 
and the supposition seems to be based merely upon reluctance to 
admit analcime to the rank of an original product from a rock
magma. Various researches on the monchiquites and allied rocks 
during late years render it difficult to maintain this attitude, and 

* Zirkel seems to have obsened, hut not identified, tbi" aggregate. He also llot0S 
quartz-grains (presumably of foreign origin) in a rock fn m Dippin Head. Zcits. de!'!s. 
geol. GefJ., vol. xxiii, p. 36 ; 187I. 

H 
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the balance of probability in the case of our rock is decidedly in 
favour of the v'iew that the analcime is merely the latest product of 
consolidation of the magma. 

Specimens from another sill, on Auchenhew Hill, may also have 
contained analcime, interstitial patches of a radiate-fibrous zeolite 
being seen in the slices [6886, 6887]. This rock has, however, been 
altered by crushing and perhaps otherwise, and contains a certain 
amount of quartz. The augite here has a pale-green or greenish
yellow colour, with in places a basal striation and schiller structure. 
This rock seems to be the" salite-diabase " of Corstorphine. 

(vi.) MODIFIED BASIC SILLS, WITH XENOCRYSTS, AND COMPOSITE 

SILLS. 

It has been remarked above that most of the quartz which is 
found in some of the dolerite sills is to be regarded as of extraneous 
origin and foreign to the normal composition ofthe rocks. This is 
most evident as regards the quartz which occurs in the form of grains 
or rounded and corroded crystals. Derived crystals, or "xenocrysts," 
both of quartz and of felspar (oligoclase and orthoclase), are found in 
nota few of the basic sills of Arran,and they present the peculiarities 
which attach to such a mode of occurrence. The quartz-grains are 
surrounded by an envelope of granular augite formed by reaction 
between the quartz and the basic magma in which it became 
involved. Most usually this is only a thin crust, hut sometimes 
it attains a more considerable thickness, equal perhaps to half the 
diameter of the quartz-grain which it surrounds. In this case the 
augite-granules take on a rather elongated form with a radiate 
arrangement [6376]. The felspar xenocrysts have usually a very 
turbid appearance in a thin slice. 

The reactions between the xenocrysts and the enveloping basic 
magma necessarily occasioned not only a corrosion of the former 
but a certain modification of the composition of the latter, in the 
general sense of acidification; and there is often sufficient evidence 
that this action has proceeded far. There has resulted a corres
ponding modification in the products of final consolidation of the 
magma, which appears in the formation of relatively acid felspars, 
in a diminished proportion of augite as compared with felspar and 
iron-ore, and in an excess of silica crystallising as interstitial 
quartz. The micro-structure of the rock is also modified, the 
texture often becoming rather fine and the ophitic structure being 
usually lost. These peculiarities are seen in varying degree in a 
number of the basic or quasi-basic sills, or in portions of them. 
Rocks originating in this way may be regarded as in a certain sense 
abnormal, and they often refuse to range themselves under recog
nised petrographical types. 

Closely connected with the frequency of xenocrysts in these 
rocks, and, like that phenomenon, pointing to a peculiarly intimate 
relationship as regards origin between the acid and basic rocks of 
the district, is the occurrence of composite sills and dykes, in which 

* Loc. cit., pp. 467-469. 
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acid and basic rocks form parts. of a single intrusive body, and 
seem to have been intruded almost contemporaneously. The 
existence of such composite intrusions in Arran seems to have 
been recognised more or less clearly by Boue* and Delesse,t who 
describe a sill of quartz-porphyry resting upon, and apparently 
passing into, one of dolerite at Drumadoon Point (named "Rue 
V arey "). In late years Corstorphine + has described what if" 
probably a composite dyke in Glen Struey. Oomposite sills anc. 
dykes are known among the Tertiary intrusions of other parts of 
the Western Isles of Scotland, and it will be sufficient in this place 
to refer briefly to two examples. 

The first is a composite sill at Kildonan Oastle, which consists 
of a central acid member with uppel' and lower members of basic 
composition. A specimen from the lower part is a grey, fine 
textured rock, without evident porphyritic crystals, and gives the 
specific gravity 2'68. In a thin slice [6358J it is found that the 
felspars, in little" lath-shaped" sections about Th inch or less in 
length, constantly gives quite low extinction-angles. Many of thE: 
crystals are striated, and the dominant felspar must be near 
oligoclase in composition, though orthoclase may perhaps be present 
in addition. The augite pl'eserves its ophitic habit, but is in great 
part destroyed. In addition there are abundant little crystal-grains 
of magnetite, and in places a little interstitial quartz. The rock 
presents the characters of a partially acidified dolerite, the low 
density being very significant in this respect. 

A specimen of the middle part ofthe sill, taken in the same quarry, 
is a compact-looking rock of light-grey colour, showing scattered 
slender felspars up to i-inch long, and containing ovoid druses also 
about i-inch in length. A specific gravity determination gave 2'48, 
to which some small addition must be made to allow for the druses 
in the interior of the specimen. A slice [6359J shows that the 
rock consists essentially of a plexus of little felspal's giving "lath
shaped" sections 2~ 0 to 1 ~ 0 inch long, simple or once twinned, 
and with sensibly straight extinction. These must be ol'thoclase, 
and the rock is in composition a trachyte. Besides the scattered 
felspar phenocrysts there are a few irregular grains of quartz and a 
rare crystal-grain of augite, now decayed. 

The other composite sill to be mentioned is the large one in the 
southern part of Bute. This differs from all othel' composite sills 
and dykes recorded in that it has the basic rock forming the 
interior part and the acid rock the upper and lower borders. The 
acid rock seems to have little about it that is abnormal. An 
example of the upper member, taken east of Uamh Oapuill, is of 
the type already described as characteristic of the larger quartz
porphyry sills of the district. It is rich in porphyritic elements, 
set in a compact-looking light-grey groundmass. The porphyritic 
minerals are felspar, (chiefly sanidine) in rectangular or rather 
rounded crystals up to i-inch long, and crystals or crystal-grains 

* Ess«i ge%giq1'C sllr {' Ecosse, p. 296, pI. iv, fig. 20 [1820]. 
t .1 nn. des mines (5), vol. xiii, pp. 349, 350 ; 1858. 
::: Tschenll Min. Petr. JlfWh., vol. xiv, Pl'. 460-465; 1895. 
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of quartz about i-inch in diameter [4640]. A specimen from south 
of Barr Hill sho\\s a sharp junction between the acid and the 
basic rock [2612]. The former has to the eye the same appearance 
as before, but a thin slice shows that the groundmass is here 
spherulitic, the spherulites being of the cryptographic type. 

The basic or quasi-basic portion of this large composite sill is 
yariable in character, and a full description of it is outside our 
present scope. The normal dolerite constituting the central part 
has not been examined, but some specimens have been sliced from 
the modified variety which pre\~ails towards the junction with the 
acid rock. These are from south of Loch-na-Leighe [4637J and 
from north-east and east of U amh Oapuill [4639, 4642,4643]. They 
show the turbid xenocrysts of felspar and corroded quartz-grains 
with envelopes of granular augite, as already described. They 
illustrate also the other peculiarities which we have noticed as 
accompanying the presence of abundant xenocrysts, viz., abnormally 
acid felspars, some interstitial quartz, an altered micro-structure, 
and a finer texture. We may add also another peculiarity often 
observed in similar hybrid or mixed rocks in other districts, viz., 
the occurrence of microscopic druses lined with crystalline quartz 
and filled in "ith calcite. sometimes also enclosing little needles of 
actinolite [4637J. A very beautiful rock from the scar at the east 
end of Loch-na-Leighe deserves more particular notice [2610]. It 
is a dark evidently crystalline rock without conspicuous porphy
ritic elements, though small quartz-grains may sometimes be 
detected. A slice shows that it is mineralogically a bronzite
dolerite. The rhombic pyroxene forms abundant idiomorphic 
crystals, nu to '/0 inch in length, clear and distinctly pleochroic, 
with change from a pale rose to a pale apple~green: it is therefore 
a bronzite rather than a enstatite. The felspar is partly in 
idiomorphic striated crystals, partly in more shapeless crystal-grains 
with strong zonary banding between crossed nicols. Augite is seen 
to be quite subordinate in the general mass of the rock, where it 
forms little sub-ophitic patches. Needles of apatite and grains of 
black iron-ore are accessory constituents. A remarkable feature 
in this rock is the unusual development of the augite-fringes which 
surround the enclosed quartz-grains. These have a breadth of from 
twice to four times the diameter of the quartz-grain itself, and show 
a very marked radiate arrangement. 

The phenomena of composite sills and dykes in Arran, seem, so 
far as they have been observed, to be very closely comparable with 
those in the Isle of Skye, which will be fully described in another 
place. A special interest, however, attaches to Arran in this 
connection, from the fact that the peculiar conditions which 
determine the almost simultaneous intrusion of basic and 
acid rocks have here been realised at two distinct epochs. Besides 
the intimate associations of dolerite and quartz-porphyry which 
have been mentioned, there are similar associations of augite
andesite and pitchstone (including certain felsitic rocks closely 
related to pitchstone). The best known examples of these are 
the composite dykes of Oir Mhor ann TOl'more, which have been 
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noticed from an early time,*' and have been fully described by 
Prof. Judd.t 

(vii.) DOLERITE AXD BASALT DYKES. 

The few specimens of basic-dykes chosen for examination scarcely 
include representatives of more than one type. Four are ophitic 
olivine-do lerites , from the following localities :-

Quarry at E. end of Suidhe Plantation, Bute [2592J; "Rough 
part of dyke," E. of Port Uisg, Bute [4624J; W. of Runnan 
Eun Point, Bute [4635J; E. of Rinn-a-Chrubain, Oorrie 
Oravie, Arran [6364]. 

They are dark medium-grained dolerites of thoroughly basic 
composition. The first specimen gave the specific gravity 2'98. 
Thin slices show the following minerals :-abundant olivine-grains, 
almost always converted to serpentine, green, yellow, or yellowish
brown; labradorite in little striated crystals giving elongated 
rectangular sections, usually about 0'03 inch long, bnt varying 
in different rocks from 0'02 to 0'05 inch; irregular grains of black 
iron-ore, often wrapping round the felspars; and light brown 
ophitic plates of augite. In one rock [6364J the augite is of a 
stronger brown colour, with a purplish tone and distinct 
pleochroism. A rock from" smoother part of dyke," E. of Port 
Uisg, Bute [4623J, differs from the above type only in having the 
augite in granules instead of in spreading ophitic plates. 

Some dolerite-dykes of the same general type as those described, 
but apparently devoid of olivine, are older than the granite, 
and have been metamorphosed by it. One such occurs in the 
Onocan Burn, below the old mill-dam. A specimen taken in actual 
contact with the granite shows in a hand-specimen no noticeable 
peculiarity, but in a thin slice [7442J it is seen that each ophitic 
plate of augite has been transformed into an aggregate of green 
hornblende. Occasionally a flake of brown mica is seen, usually 
clinging about a grain of magnetite. There is no indication that 
either the felspar or the iron-ore of the original rock has suffered 
any change, and the metamorphism is thus not of an extreme kind. 
Two dykes 60 or 70 yards from the granite in Glen Sannox Burn, 
one a dolerite, the other probably an augite-andesite, show a lower 
grade of metamorphism, the augite being replaced partly by little 
blades of green hornblende but partly by chlorite [9416, 9417]. 

Although the very numerous basic dykes in Arran have attracted 
attention from an early time, there is very little published informa
t~on concerning their petrographical characters. Some observa
tIOns, however, are of sufficient interest to be briefly noticed. 

Among the most interesting of the basic dykes are those which 
pass at the margin into tachylyte, presenting thus a black vitremiS 

* Jameson, llIin,emlogy of the Scottish Isles, vol. i, pp. 81, 102-105; 1800. Necker, 
Edil1. Phil. Trans., vol. xiv, pp. 677-698; 1840. Ramsay, Geology of the Island of 
Arran, p. 26; 1841. Bryce, Geology of Clydesdale and A"ran, pp. 81,82 ; 1859. Zirkel, 
Z<its. deuts. geol. Ges., xxiii, p. 41, pl. ii, fig. 6 ; 1871. Allport, Geol. J1Ing., 1872, Pl>. 5, 
541. Bryce, Geolo.gy of Arran and the other Clyde Islands, p. 164; 1872. 

t Q"art. Journ. G.ol. Soc., vol. xlix, pp. 536-565, pI. xix; 1893. 
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selrage, which, however, is usually less than an inch in thickness. 
An instance in the south-eastern part of Lamlash was noticed many 
years ago by Delesse, * and the microscopical and other characters 
of the glassy rock have been described by Professors Judd and 
Cole.t Delesse's chemical analyses, quoted in columns I, II, show 
a practical identity in composition between the basalt and its 
glassy modification. Another basalt-dyke with tachylyte selvage 
is found in the Castle grounds at Brodick (see column III.). 

In the memoir just referred to (Etudes sur Ie metamorphisme) 
Delesse makes some interesting remarks upon the metamorphic 
effects produced by the basic dykes of Arran in their immediate 
yicinity, 1110re particlarly upon the granite. Bouet had already 
remarked how the dykes have sometimes broken irregularly through 
the granite and caught up fragments of it; and he had regarded 

I. 
SiO o 55'20 
A1 203 16'98 
Fe 20 3 11'00 
';}InO traces 
l\IgO 0'52 
CaO 6'80 
Na 2 0 } 5'65 
KoO by diff. 
Ignition 3'85 

100'00 

Specific gravity 2'649 

II. 
56'05 
17'13 
10'30 
traces 

1'52 
6'66 

{ 3'29 
0'98 
3'50 

99'43 

2'714 

III. 
53'96 

1. Basalt, centre of dyke 8 inches wide, S. E. of Lamlash Is. ; anal. A. 
Delesse, Ann. des. mines (5) yol. xiii, p. 369; 1858. 

II. Tachylyte, selvage an inch thick on edge of same dyke; anal. A. 
Delesse, ilJid. The total is giyen in the original as 99'53. 

III. Tachylyte, selvage less than !-inch thick on edge of dyke at 
Brodick Castle; Judd and Cole, Quart. Journ. Geol. Soc., yol. 
xxxix, p. 462; 1883. 

the stilbite crystals found in the druses of the granite in Garbh
cllOire and Glen Rosa as a result of infiltration from the basalt-dykes. 
Delesse § found that the basaltic magma had penetrated and injected 
the fissures and druses of the contiguous granite and even the micro
scopic fissures of its constituent minerals, imparting a greenish 
colour to the rock. The orthoclase has thus had its specific gravity 
raised from 2'532 to 2'591, and its content of water is as much as 
3'10 per cent., comparing with about one per cent. at a distance 
from the dyke. The dyke itself was found to contain 3'85 of 
volatile matter (water with a trace of carbon dioxide) and to have 
a specific gravity 2'829. It is not quite clear from Delesse's 
account that the injection of the granite with basic material, as 

* A lIn. des "tints (5) vol. xiii, pp. 368-370 ; ]858. 
t Q'wrt. J01lT1l. Upol. Soc., vol. xxxix, pp. 444-464, plates xiii, xiv; 1883. 
:t Essai geologique sur l'Ecossf, Pl" 19, 499 ; pI. v., figs. 25, 26; 1820. 
§ Loc. c;I., Pl'. 366-368. 
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described, is anything more than infiltration of chloritic decompo
sition-products. 

(viii.) ACGITE-AXDESITE DYKES A~D SILLS. 

Among the specimens selected for petrographical examination a 
well-marked type of sub-basic composition is illustrated by five 
examples from dykes in the Cumbrae Isles and Arran. The 
localities are :-

Devil's Dyke, Great CU111brae [4581, 4582J; W. of Craig nan 
Fitheach, Great Cumbrae [4585J; Broad Island, Little 
CU111brae [4595J; Dyke in intrusive sill, roadside, Dippin 
Quarry [6362]. 

These rocks are nearly black and of fine texture, with small 
scattered felspar crystals or sometimes more abundant crystals and 
crystal-groups up to i-inch long. Nos. 4582 and 6362 both gave 
the specific gravity 2'70. 

Thin slices show that these rocks are augite-andesites with a 
gla,ssy base. The porphyritic crystals are labradorite. The little 
felspars of the groundmass, presenting striated "lath-shaped" 
sections usually about O'Ol-inch long, are acid labradorite or 
andesine-labradorite. Augite, of light-brown colour, occurs in 
little granules, and there may be a few crystals of an earlier genera
tion with perfect outlines and a length of 0'02 or 0'03 inch. Little 
granules of magnetite are found, but not abundantly. Occurring 
interstitially among these elements is a considerable amount of 
glassy base of a brown colour. Sometimes it is merely a globulitic 
glass [4581 J; more usually it encloses abundant minute 
crystallitic elements in the form of felspar fibres and little rods and 
granules of opaque iron-oxide. Very noticeable is the uneven 
distribution of the glassy base, which shows a tendency to collect 
in patches in certain places. 

These dykes clearly belong to the" yOlmger augite-andesites" of 
Prof. Judd,* a group which that geologist assigns to a late epoch 
in the history of Tertiary igneous activity in Britain. He has 
describedt one rock of this group from Cir MhoI' in Arran, and has 
given a chemical analysis of it, which we quote below (column 
VII., p. 124). This rock forms the two marginal members of a 
triple composite dyke, of which the central member consists of 
pitchstone; and in general this group of augite-andesites seems to 
have a peculiarly intimate relationship with the pitchstone group, 
which points to community of origin. The glassy base of the 
andesites has probably a composition similar to that of the pitch
stones, and there are, as Prof. Judd has remarked, many 
indications of a tendency for this glassy residue to become in part 
separated from the crystalline portion of the rock. 

A somewhat different type is represented by a conspicuously 
porphyritic andesite from a dyke in Millport Harbour, Great 
Cumbrae [4575]. This contains closely-set porphyritic elements 

* Quart. JOUTn. Geol. Soc., vol. xlvi, pp. 371-381 ; 1890. 
t 17Jid., vol. xlix, PI'. 047, 548, p1. xix, fig. 2 ; 1893. 
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t to t inch in length, mostly of felspar, but including also black or 
dark-green pseudomorphs, which are seen in the slice to be augite 
crystals replaced by green chlorite. The porphyritic felspars are 
of medium labradorite. The ground-mass consists of little striated 
felspars, decayed augite, rather abundant granular magnetite, and 
a light-brown interstitial mass, which seems to have been a 
globulitic glass full of felspar fibres and other crystallites, but is 
now considerably altered. There are little irregularly-shaped 
amygdules, lined with chlorite and occupied by chalcedonic quartz 
or by calcite. This rock is probably to be attached to the augite
andesites rather than to the basalts, and represents one of the 
varieties richer in crystallised elements, and therefore more basic 
in composition than the foregoing. 

One specimen only among the collection of sill-forming rocks 
seems to belong to the andesites. It is a dark close-grained rock 
from near the head of Allt-na-Slaic in the southern part of Arran; 
and, as it is described as intrusive in a felsite, it is presumably to 
be referred not to the epoch of the basic sills but to a later time, 
probably that of the andesite dykes. In seems to have had a fair 
amount of glassy base, but is now too much altered for any close 
examination [6379]. We may further note an andesite intruded 
in the form of a thin band in the schists west of Oreag Rosie, in 
Glen Rosa [9405]. 

(ix.) PITCHSTONES AND DEVITRIFIED PITCHSTONES. 

Since J ameson* more than a hundred years ago gave descriptions, 
in the Wernerian fashion of the time, of several varieties, the 
pifchstones of Arran have become more widely known than any 
other group of rocks in the island. This is owing especially to 
their very beautiful micro-structure, which has been made familiar to 
all geologists by the descriptions of Sorby,t Zirkel,::: Allport,: I 
Vogelsang,§ Teall,~ Judd,*·* Rosenbusch,tt Oorstorphine,::::j: and 
others. Since the rocks are so well known, and specimens are to 
be found in most collections, a brief account will be sufficient in 
this place. 

The specimens selected for examination are dark-grey or greenish
grey rocks, sometimes almost black, with the characteristic resinous 
lustre. They show usually only small crystals visible to the naked 
eye, rarely more than i-inch in length, and often rather sparingly 
scattered. There are, however, some conspicuously porphyritic 
pitch stones in the island, as described from Brodick Oastle, 
Invercloy, and Oir MhoI'. Thin slices show under the microscope 

_ * Outline oj the 11Iineralo.'!y of the Shetland Islands and oj the Island of An'an, pp. 76-82 ; 
1/98. 

t Quart. Journ. Gwl. Soc., vol. xiv, Pl'. 476, 477, 1'1. xviii; 1858. 
::: 8ito. Akacl. Wi ... Wien., vol. xlvii, Pl" 260-262., pI. ii, iii; 1863. Zeits. dents .. 'leol. 

GfS., vol. xix, pp. 785-788, pI. xiv; 1867. Ibid., vol. xxiii, pp. 42-46 ; 1871. 
II Geol. },fa.'!., 1872, pp. 1-10,1'1. i, and pp. 536-545. Ibid., 1881, p. 438. 
§ Die]{, ystalliten, pp. 122 126, pI. xiii, xiv; 1875. 
'IT British Petrography, Pl" 344-347, pI. xxxiv; 1888. 

*<- Quart. Journ. Geol. Soc., vol. xlix, pp. 536-564 ; 1'1. xix. 
H Mi/,;]'oskopische Physiographie de,' massigen Gesteine, Pl'. 699-702, of 31'd ed.; 1896 
i:::: Tsch,.n". Jli". Petro ~lIitth. (2) vol. xiv, Pl'. 448-451; 1895. [Sheet 13. ] 
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that the general body of the rock consists of a glass more or less 
crowded with minute crystallites. These are of two orders of 
magnitude, the larger easily visible, the smaller appearing with a 
low magnifying power only as a pigment, colouring and rendering 
turbid the glassy matrix. There are thus four sets of elements in 
the rocks-the porphyritic crystals, the larger crystallites, the 
smaller crystallites, and the glassy base, the last enclosing the rest 
and constituting the principal part of the bulk. 

The porphyritic crystals embrace quartz, felspars, augite,* and 
magnetite, all with idiomorphic outlines, excepting only when they 
are aggregated in gronps, as is frequently seen. In this case the later 
crystallised minerals are moulded upon the earlier, and it is seen 
that magnetite has preceded augite, and both haye preceded the 
quartz and felspars. Apatite is found rather rarely. The quartz is 
in pyramidal crystals, sometimes rounded at the angles and often 
having considerable inlets of the groundmass. Both quartz and 
felspars also contain glass-inclusions, and the glass often encloses 
minute crystallites. t The felspar is partly striated oligoclase, 
partly what looks like sanidine; but the latter, as remarked by 
Prof. Judd, has sometimes a vague appearance of very fine lamellation 
which is suggestive of cryptoperthite. The augite is in crystals 
with the usual octagonal cross-section, and is of a light-green 
colour. 

The larger crystcLllites are in the form of minute rods (microlites) 
or needles, tapering at one end (belonites of Zirkel), and are 
constantly transparent and of green colour. The belonites are 
often aggregated into radiate groups, joined at the base, but not so 
regularly developed as to form perfect stars. Again, they grow 
a~t.ached to, and set perpendicularly upon, the faces of the porphy
ntlC crystals, so as to appear in the slice as a thick fringe. These 
larger crystallites themselves have in turn served as starting-point 
for the growth of the much smaller crystallites of what we have 
styled the second order, and in this way have been built up 
elaborate fern-like and arborescent growths which give a very 
remarkable appearance to a thin slice of any of the Arran pitch
stones. The mineralogical nature of the green microlites and 
belonites in these rocks has been the subject of some discussion. 
In the specimens examined by us the mineral, whenever sufficiently 
characteristic, seems to be hornblende. The extinction-angles 
observed were in all cases low, and pleochroism is often to be 
detected. It is possible that augite occurs in some of the Arran 
rocks not examined, and indeed Rosenbusch has noted in some 
cases, though rarely, extinction-angles up to 35°. The largest 
crystallites show in cross-section characteristic crystal outlines, 
which are those of hornblende. They are, as Mr. Teallt has 
remarked, hollow, the glassy core corresponding in shape with 
the exterior. In size these larger crystallites vary in different 

. * Corsto~phine records a rhombic pyroxene as occurring, subordinate to augite, .in a 
pitchstone m An Sloe, in the southern part of the island. 

t S~c Sorby, I.e., pI. xviii, figs. 57-63; Teall, British Petro,qraphy, p. 19 (in fel.par) 
and Zirkel, I.e., 1867, pI. xiv, figs. 16-22 (in quartz). 

::: L.c., p. 345.1'1. xxxil-, fig. 4. 
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rocks and also within a certain range in a given rock. In different 
specimens they have a length of '005 to '01 inch or '01 to '02 inch, 
with a width rarely more than '0002 or '0003 inch. There are 
often, however, a few rather larger rods, up to '04 or '05 inch in 
length. As a rule, these largest crystallites do not, like the rest, 
act as the trunks of arborescent and other complex growths. 

The much more minute crystallitic growths, which represent the 
latest effort of crystallisation in the pitchstone magma, occur in two 
ways-disseminated uniformly through the glassy matrix and 
clustered thickly upon the larger and earlier crystallites to form 
complex arborescent and other aggregates. In the former case 
they impart to the general matrix a yellow colour and a somewhat 
t11l'bid aspect in a thin slice. an appearance resolved by the use of 
a higher magnification. It is then seen to be due to the presence 
of an immense number of excessively minute bodies usually in the 
shape of short rods. With the short rods there may be still smaller 
bodies in the shape of globulites, and less commonly the globulites 
occur alone or almost alone [2448, 2451 J. The complex growths 
built up by the aggregation of the minute crystallitic elem~m~s 
about the larger ones assume various forms. A very charactel'lSl'lC 
one resembles exactly a pine-tree, of which the trunk is made by a 
belonite and the foliage by a vast number of the smaller bodies. 
Another beautiful shape is made up oy two or three rather small 
rod-like crystallites of the first order, crossing one another at their 
middle points, with their four or six extremities bearing complex 
plumose growths, which unite to form in section a feathery circle 
having the little rods as diameters. These two forms are well 
illustrated by specimens from Corrygills and Tormore respectively, 
and have frequently been figured*. The mineralogical nature of 
the more minute crystallites cannot be investigated directly, for, 
excepting their greenish-yellow colour, they do not exhibit any 
optical properties. It may be inferred, however, with high 
probability, that they are of the same nature as the larger 
crystallites, a11(l therefore of hornblende. Those which take part in 
the complex growths have the same appearance as the trunks of 
the same growths. Further, it cannot be doubted that the minute 
crystallites disseminated through the glass are identical with those 
in the aggregates; for an invariable feature of these rocks is a ring of 
cleal' colourless glass surrounding each complex growth, as if the 
fine crystallitic matter which would otherwise have been scattered 
through this space had been abstracted to make up the aggregate 
in the centre. 

The glass itself, apart from the minute crystallitic bodies with 
"'hich it is charged, is always clear, colourless, and structureless. 
It does not, as a rule, show any perlitic structure. Indeed the 
"pitchstones," such as those of Meissen in Saxony, which show best 
this breaking up by minute curving fissures due to contraction, are 
mostly lava-flows, while these Arran rocks occur exclusively in the 
form of dykes and intrusive sills. There are, however, exceptions . 
.A specimen [2451J from a dyke at Caisteal .Abhail shows very 

* See, p.g., Cohen's 8am""ung wn jlfik1'ophotoY1'aphim, pI. iv., fig. lof 3rd ed., 1899. 
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pelfect perlitic fissures, which mostly occur immediately sur
rounding phenocrysts of quartz and sometime::; of felspar. 

Many of the rocks show no eyident indication of flowing 
movement in the magma subsequent to the beginning of 
crystallisation; but in others flluional phenomena are seen, and 
are of various kinds. Sometimes the porphyritic crrstals of 
felspar are arranged with their long axes parallel to the direction of 
flow; less commonly the larger crystallites and crystallitic 
aggregates exhibit a like orientation [111,6392]' Again. in some 
examples from Tormore [5656, 5657J ana elsewhere the matrix of 
the rock is finely banded, the narrow bands follmying flow-lines, 
and being visible as an alternation of fine darker al,ld lighter stripes 
upon a hand-specimen. In the slices this appearance is seen to 
arise from the unequal aistribution of the crystallites through the 
glassy matrix. Stellate, plumose, and other groupings occur 
abundantly in certain bands and only sparsely in others. The 
more minute crystallitic elements are perhaps equally plentiful in 
the two cases; bnt in the former they are aggreg'ated, leaving the 
glassy matrix clear, and in the latter they are dispersed, producing 
a cloudy yellowish appearance. 

The pitchstones of Arran, with those of the other western islands 
of Scotland and of the north of Ireland, differ from all other known 
acid rocks in their richness in crystallites of a ferro-magnesian 
silicate. Though always present, these are not always equally 
abundant, and the differences may be connected with differences 
of chemical composition. It is also to be remarked that some of 
the rocks do, and others do not, carry porphyritic quartz. The 
analyses which we quote of pitchstones ana rocks closely connected 
with them from Arran show a certain rauge of chemical composition, 
some of the rocks being acid and others sub-acid. Our specimens 
selected for examination probably belong for the most part to the 
truly acid type, but one, picked out from the rest on account of its 
richness in the ferro-magnesian element, is perhaps a sub-acid rock. 
It is from a sill at Brodick school [7537]. It does not differ 
notably from the rest in appearance in a hand-specimen, except 
that it has a more decided black colour; but its specific gravity is 
found to be at 2'45, while a more ordinary variety from Corrygills 
[llOJ gives only 2'34. In a thin slice this Brodick rock shows a 
plexus of closely packed fine fibres imbedded in a brown glass. 
The fibres seem to be, at least in gf-neral, of felspar, and the larger 
ones show a central core of glass. The smaller are arranged in 
parallel groups attached to the larger and grown nearly at right 
angles to them, but there is no special orientation of the groups 
thus built up. rrhe crow<ling of these crystallitic elements makes 
it difficult to examine the interstitial glass, but the brown colour 
is probably proper to the glass itself and not merely due to 
globulites. 

Doubtless other pitch stones of sub-acid and intermediate composi
tion occur in Arran. Delesse* mentions a thick sill in the red 
sandstones which gave the specific gravities 2·532 and 2'548 in the 

* A nn. des mines (5) vol. xiii, 1'. 356 ; 1858. 



! 

1. II. III. IV. V. 

- Si02 63'500 72'6 66'03 72'50 72'37 

A1 2 0 a 12'736 12'4 12'55 IHi3 11'64 

I >',,0, - , 0'7 2'75 2'06 1'42 

FeO 3'796 1'1 not det. not det, 1'08 
I 

MnO . . . . . . . . . . 
MgO not det. trace. 2'33 2'72 • 0'52 

CaO 4'460 0'9 2'80 1'7!J 1'30 

Na20 6-220 1'7 5'02 3'37 4-15 

K 20 not det. 4'7 4'13 5'24 3'98 

H 20, etc. (ign.) 8'000 5'2 4'20 0'70 4'86 

I 98'712 99'3 99'81 99'91 101'32 
I -

·1 
Specific gravity .. 2'340 . , . , 2'36-2'37 

-----

VI. VII. VIII. 

75'3] 55'79 73'84 

13'62 15'97 10'10 

2'31 12'50 trace 

.. not det. 1'24 

. . . . 1'17 

0'20 2'22 trace. 

0-97 7'06 .. 

3'02 2'21 2'65 

4'07 1'86 2'43 

1'48 2'88 8'18 

100'98 100'49 99'61 

---

2'52-2'53 2}0-2'71 , . 

IX. 

77'99 

11'17 

trace 

1'12 

0'16 

trace, 

0'93 

4'93 

trace. 

3'1i8 

99'88 

---

, . 

X. 

78'17 

11'42 

.. 
I-64 

.. 
trace. 

0'13 

7'67 

0'20 

1'47 

100'70 

----
. . 

....... 
to:) 

~ 

~ 
~ 

~ .g 
<::: 

~ 

~ 
<;>< 

I:;l:. 
~ 
~ 



Petrog1'aphy of Tertiary Rocks. 125 

I. Pitchstone, Arran; anal. T. Thomson, Outlines of 11fineralogy, vol. i, p. 
392; 1836. 

II. Pitchstone, Arran; anal. J. H. Player, in Teall's British Petrography, 
p. 347; 1888. 

III. Pitchstone, Tormore, probably the N. ·S. dyke; anal. M. ~f. Tait, in 
Bryce's Geology of A 1'ran, p. 203. 

IV. Felsite (" claystone "), Tormore, probably from the southern composite 
dyke; anal. M. M. Tai t, ibid. 

V. Porphyritic Pitchstone, centre of Cir nIhilr dyke; anal. E. C. Thomson, 
Quart. Journ. Geol. Soc., yo!. xlix, p. 545; 1893. 

YI. Quartz.Felsite, centre of same dyke; ana!. .T. A. Schofield, ibid. Con· 
taills a trace of sulphur (in pyrites). 

VII. Augite-Andesite, outside of same dyke; anal. J. A. Schofield, ibid. 
The last item in the column includes 0'45 of sulphur. 

VIII. "Hornstone" nodule in pitchstone dyke, King's Coye; anal. J. A. 
Phillips, Geol. 11fag. 1872, p. 540. The mean of two analyses; of 

the water 2'37 was moisture. 
IX. Red Felsite or " hornstone " forming part of the same dyke; ana!. .T. 

A. Phillips, ibid. The mean of two analyses; of the water 1 '32 was 
moisture. 

X. Spherulitic Felsite, dyke on Corrygills shore; ana!. J. A. Phillips, 
ibid. The mean of two analyses; of the water 0'65 was moisture. 

centre and at the margin respectively. The corresponding 
percentages of water were only 1'65 and 1'75, which are remarkably 
low figures. 

Numerous geologists have noticed the occurrence in Arran of 
felsitic 1'ocks in close association with pitchstones. In the older 
literature these rocks figure usually under the names "hornstone" 
and" claystone." Some which have been analysed (see columns IV, 
VI, VIII, IX, above) have a chemical composition not essentially 
different from that of the pitchstones, and the intimate association 
of the two rocks decidedly suggests that they are closely cognate 
and are in some cases parts of the same rock-body, the one having 
assumed a finely crystalline and the other a vitreous state. 
Assuming this, it remains a question to be considered in any given 
case whether the finely crystalline texture is original or is the result 
of devitrification of a pitchstone. In an example on Oir Mh6r 
carefully studied by Prof. Judd, that writer arrived at the former 
conclusion,* but the other alternative may be entertained in 
other instances. The remarkable micro-structure of the pitch stones 
may not improbably become obscured or obliterated by secondary 
changes when the glassy character is lost, and the absence 
of perlitic fissures in most of the Arran pitchstones usually 
precludes a criterion which has often been relied upon in other 
districts as indicating a formerly vitreous condition in rocks now 
cryptocrystalline or microcrystalline. 

There are nevertheless specimens in our collection which give 
many indications of having originally been pitchstones and having 
lost their glassy texture, though the alteration evinced has been 
in general of a more radical kind than mere devitrification. 

An interesting specimen comes from a quarter of a mile N.E. of 
Kilmichael, Glen Oloy [7539]. It. is a dull-grey, compact rock, 
with numerous minute white spots, which look like spherulites. 

* QUal·t . .Tourn. Geol. Soc., vol. xlix, p. 551 ; 1893. The expression" primary devitri
lication" in this connection seems to be confusing, since devitrification is predicable only 
of what was once a glase. 
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A thin slice shows in natural light a vast number of little needles 
answering exactly to those seen in the pitchstones (Zirkel's 
belonites), but replaced by some chloritic or ferruginous substance. 
There are also abunilant relics of the more minute crystallitic bodies 
attached like branches and twigs to these trunks, though the 
delicate arborescent growths which have probably been present 
have been in great measure destroyed, and clotted patches of the 
same ferruginous material represent the destroyed crystallites. 
Polarised light shows that the groundmass is not glassy, but 
consists of irregularly interlocking and interlacing crystalline 
areas. An imperfect radiate arrangement is seen in places, but no 
complete spherulites. The rock has probably been a pitchstone, 
and has undergone devitrification and other changes. Some little 
interstitial areas of clear quartz must be regarded as of secondary 
origin. 

A specimen from a dyke north of Tor Righ Mol' [6405] is a 
dull compact rock mottled with pink and white streaks and with 
little scattered quartz crystals. It has something of a fissile 
structure, corresponding' with very evident fluxion-lines. In the 
slice we see well de\-eloped perlitic fissures traversing the rock 
everJnyhere, and, \yith other circumstances, leaving little doubt that 
it has been originally a pitchstone. There are still little irregular 
brown patches which are dark between crossed nicols, and are 
crowded with what have presumably been crystallites, now replaced 
by reddish-brmvn ferruginous matter. The rest of the slice shows 
double refraction in a blctchy irregular fashion. In natural light 
there are clearer spots, often coalescing with darker yellowish 
interspaces. The spots often polarise as individuals. Another 
rock, comparable \yith this, comes from Tormore [6404]. This 
also shows marked flow-structure, with bands of pale green and 
pale yellow. It has a very compact, almost porcellanous, appearance, 
and is one of Jameson's hornstones. There are here no perlitic 
fissures, except occasionally surrounding the little porphyritic 
crystals. In natural light the appearance is otherwise very similar 
to that of the preceding rock, the clearer spots and yellow inter
spaces being strongly marked. Between crossed nicols, however, 
the groundmass breaks up into a much more fine-textured 
aggregate than before. The blotchy or spotted appearance of these 
and similar rocks seems to be connected with changes other than 
mere dm-itrification. There are, however, rocks which show no 
such peculiarity, and in which the only noticeable change from the 
presumed original pitchstone is the resolution of the glass into 
minutely crystalline elements. 

There are other cases of the association of felsitic rocks with 
pitchstones in which the two rocks must be considered to represent 
distinct intrusions. An instructive example is a rock from a dyke 
in Glen Dubh, 100 yards above its junction with Glen Ormidale. 
This is a light-grey, compact rock with minute quartz-grains, 
enclosing rounded patches up to !-inch diameter of a darker grey 
colour. These patches are seen in the slice [7540J to be of the 
samfl general character as the matrix, both having a very finely 
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crystalline texture, though with rather different structures. The 
grey matrix includes, however, other and smaller dark patches, 
which have all the appearance of a pitchstone under the microscope, 
except that the glassy base is de,itrified, and only the larger and 
stouter crystallitic bodies retain their shape and groupings. 

One well-known dyke on Oorrygills shore may be mentioned 
here as being associated with the pitchstones, though there 
is nothing to indicate that it has itself been vitreous. 
Since the rock has been described and figured more 
than once," no detailed account is necessary here; the 
chemical composition is shown above in column X. It is a 
spherulitic felsite of dull-grey aspect, the little spherulites 
appearing in our specimen [3323J as dead white spots T\r to k inch 
in diameter, often with a dark nucleus and a dark border. There 
is a flow-structure, partly marked by lines of spherulites. The 
appearance in a thin slice, and especially the blotchy or spotted 
character already remarked in other rocks, are well shown in Mr. 
Teall's coloured plate, and the rock seems to have suffered alteration 
of the kind already pointed out in other cases. The spherulites, 
which make up most of the bulk, have had their radiating fibres 
replaced by irregularly interlocking narrow sectors, or in tht> 
central portion by a merely granular aggregate. This latter 
structure is seen also in the interspaces between the spherulites. 
In our specimen, from the edge of the dyke, the flow-lines are seen 
to run uninterruptedly through the spherulites. 

* Allport, O"oi. },fag., 1872, pp. 540, 541 ; Bonney, rlml. JIag. l8i7, p, 506, with fig. ; 
Teall, British Pet1'ogmphy, plate xxxix, fig. 1 ; 1888. 

A. H. 



CHAPTER XII. 

Faults. 

"We can notice here only the most important of the numerous 
faults, some of which haw been treated of in the descriptions ofthe 
"mrious formations. 

G rea t C u III bra e Fa u 1 t.-'l'his fault runs almost due north 
from the eastern margin of :JIillport Bay to the northern end of the 
island, and has a large downthrow to the west, probably of more 
than a thousand feet. It affects both the Carboniferous and Old 
Red Sandstone formations and is a marked feature in the geology 
of the island in that its position coincides almost exactly with one 
of the important roads. This happens because the road has been 
formed in a kind of depression of the ground, no doubt due to the 
fault. In the northern part of its course the western or downthrow 
side forms the higher ground, while in the opposite direction it is 
the eastern side that is most prominent, and this line of higher 
ground is prolonged to near Farland Point. To this line of fault 
we owe the straight eastern boundary of the bay, and it seems 
clear that its age is subsequent to that of most of the intrusive 
igneous rocks of the island. 

H ig hI and B 0 I'd e r F aul tin B u te.-This crosses the 
island of Bute from Rothesay to Ardscalpsie Point in a valley a 
great part of which is occupied by lochs at a low elevation. It has 
a large and yariable down throw on the south-east side, and in the 
part ,yith "'hich we haye to deal throws down on the the west side 
of Scalpsie Bay Lower Carboniferous rocks against the schist, so 
that the fault is, in part at least, later than Old Red Sandstone 
times On the upthrow side of the fault is a remarkable relic of 
the denudation of the district in a conical hill called the Haystack. 
This is surrounded by the raised beach due south of Ardscalpsie 
House, and is about 20 yards in diameter and 25 feet high, 
composed of coarse conglomerate, mainly of large angular schist 
and of win-quartz fragments. There is not much indication of 
bedding, but on the east side the blocks are arranged as if dipping 
to KN.W. This is the basement portion ofthe Old Red Sandstone, 
resting unconformably on the schists and mainly composed of the 
debris of those rocks. 

B 0 u n d a I' y Fa u 1 tin A l' l' a n.-There is not clear evidence 
that the boun"dary between the schists and the Old Red formation 
in Arran is eyerywhere a fault, but the general evenness, and in 
some cases straightness, of the line of junction is not in favour of 
its being natural. On the other hand, there is a general absence 
of signs of great disturbance or crushing along the line of junction 
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except in a few places. It is pretty clear that the line is a faulted 
one at Dougrie, and in the small burn south of Beinn Lochain 
there appears to be a fault breccia. Then in the Garbh Allt above 
Moniquil the rocks of Old Red Sandstone are striking at the line 
of junction, as they do also to some extent on the south side of 
Glen Rosie. In the Cnocan Burn the junction is hidden under 
glacial drift. North of Maol Donn the boundary must turn almost 
at right angles and run nearly north-west for about three miles, 
but it has been obscured by the intrusion of granite except for a 
short distance east of Cioch nah-Oighe. From the north side of 
Glen Sannox the junction runs almost due north to Oorloch, and 
here it is undoubtedly a fault, for there occurs on the upthrow side 
a mass of brecciated rock, triangular in outline, some 150 yards in 
the side. This rests unconformably, dipping at a gentle angle north
m1rd, on the highly dipping lavas of supposed Arenig age, and is 
opposed to the ordinary sandstones and conglomerates of Old Red 
age dipping at a steep angle on the eastern side of the fault. At 
the foot of the crag several other faults occur and the district is 
yery complicated. A large north-west fault throws out the Old 
Red Sandstone entirely and brings down the La-wer Oarboniferous 
beds against the old lavas and schists. Farther north-west, and 
between two faults with a northerly trend, we find the upper beds 
of the Old Red formation brought up again, and also the cornstones 
and lowest beds of the Oarboniferous formation in a very striking 
hill. These two fault3, which have each a large downthrow to the 
east, disappear northwards under the sea, and may be connected 
with the Ardscalpsie fault in Bute. Westward we appear now to 
have two large faults running to the north-west, one of which is 
entirely in the schist and the other, which is nearest to the sea, forms 
the boundary between the schists and the Oarboniferous rocks 
exposed on the coast. The strike of the latter brings in succession 
higher and higher beds of the formation against the fault, till at last, 
west of the Cock, we have not only the Ooal-Measures but also the 
unconformable Triassic sandstones brought down by the fault against 
the metamorphic rocks. This main fault runs out to sea at the 
foot of the stream called AlIt Mor, east of North Newton, and on 
the eastern side of the stream is another and nearly parallel fault. 
Between the two is a narrow strip of the Upper Limestone series 
of the Carboniferous formation. 

Sannox Faults.-There are many faults large and small in 
the Old Red Sandstone of the Sannox district, but only a few of 
them can be noticed here. Perhaps the most important of these is 
that which passes west of the crag from which t11e Fallen Rocks 
have come. Towards the north it joins the boundary: fault as 
already described, and near the Ordnance Station 664 it is joined by 
a fault which comes southward from the shore and there repeats 
the cornstone at the base of the Oarboniferous formation. It is the 
largest fault which crosses the Upper Old Red Trap. United, these 
two faults run southward as one to North Glen Sannox, forming a 
marked feature for a considerable distance. The fault is probably 
prolonged to South Sannox, as the mudstones of the Lower Old 

I 
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Red formation appear e,erywhere faulted against the felspathic 
arits which naturally oyerlie them. 'Vest of Farchan Mol', along 
this line the large dolerite dyke is apparently shifted some 200 
yards to the north on the dO\nlthrow side; the grits and mudstones 
so far as can be obseryed haye not the same strike, and the mud
stones near the line haw a higher dip than is usual. 

Corr i e .E' a u It s.-There are three large and important faults 
in the Corrie district which haye nearly parallel courses in a 
N.N.IV. direction, anel all throw down eastward. The most easterly 
of these is ,~isible in Corrie Church Burn, where it throws the 
Carboniferous Traps against the Upper Old Red rocks. It shifts 
the outcrop of the trap half a mile to the southward and must 
have a downthrow of seyeral hundred feet, but in a southerly 
direction it c1iyieles into several branches forming a series of step 
faults. The next large fault shifts the trap about three quarters of 
a mile farther south, and has a elownthrow greater than the total 
thickness of the Carboniferous formation-probably as much as 
1500 feet. The nearly parallel fault west of Maol Donn throws out 
nearly the whole of the Carboniferous rocks for a long distance, but 
it is more nearly in the direction of the strike than the other two. 

B l' 0 die k C h u l' C h Fa u 1 t. - vV est of the church at Brodick 
a large fault with a southerly course shifts all the Carboniferous 
Rocks on to the hillside to the southward. It has a large throw 
down eastward greater than the thickness of the formation, but as 
this is here much attenuated and probably not greater than 600 
feet in thickness, the fault is not so great as it at first sight 
appears. 

Gleann Dubh Faults.-TheN.N.W.faultattheeastend 
of Creag nam Fitheach has a large downthrow east, perhaps 1000 
feet, and brings a high part of the Trias against lower beds. Its 
course southwards is some,,-hat uncertain, but northwards it is 
probably joined by other faults from the west, and increasing in 
throw becomes connected with the east and west fault north of the 
glen which throws down the Trias against the Lower Old Red 
rocks. The New Red Sandstone ofCreag nam Fitheach is striking 
against the triangular patch of Carboniferous rocks and must 
obviously be separated from it by a fault, while that which bounds 
the Carboniferous on the west is visible in the stream at the west 
end of the crag formed by the volcanic ?:One. The fault with large 
downthrow east, at the west end of Creag nam Fitheach, passes 
southward to Benlister Glen where several faults running north 
are visible in the stream to the east of the small Coal-Measure 
area. The main throw down east, however, appears to be in the 
fault ,,-hich goes off to the southward. 

Corr i e gill s Fa ul t.-Several faults have been noticed in the 
account of the Corriegills shore section. The largest of these 
which throws dmyn the Springbank conglomerates on the west 
against the lower false-bedded sandstones on the east is visible on 
the shore and in the cliff. Its south-westerly course inland is 
inferred fro111 the fact that conglomerate bands which crop out on 
the north side of the Clauchland Hills appear to be cut off on the 
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west and do not reach the Birk Glen, and the patch of Keuper
marls cannot haye a natural boundary on the east side. It also 
appears to be faulted on the west side. 

A r d B h e inn Fan I t.-The large fault on the ,,-est side of 
Ard Bheinn is a continuation of one in the sheet to the south 
which has a large downthrow "'est, bringing Triassic rocks against 
Old Red Sandstone. By it the outcrops of yarious subdivisions 
are shifted a long way to the northward on the west side. but the 
actual position of the fault has been subsequently obscured by the 
intrusive rocks of the volcanic vent. 

nI 0 n y qui 1 Fa u It s.-The great mass of Old Red conglom
m'ates forming the hill of Garbh Thon is bounded by faults on 
either side, and both haye large dmvnthrows to the west. The 
most easterly of these is probably near the Gm'bh Allt, though 
nowhere visible. The conglomerates dipping at high angles are 
striking against the rocks in the stream ,,·hich apparently belong 
all to the 10"'er series of beds \yhich underlie the trap. The more 
westerly large fault shifts the outcrop of the volcanic zone and the 
conglomerates, and has probably a downthrow south-west of 1500 
feet. Though its direction is some\yhat different it may be con
nected with the Ard Bheinn fault before mentioned. 

Age s 0 f Fa u I ts .-Some of the faults which affect the 
metamorphic rocks may be of very old date, but their age cannot 
be proved. Reference has been already made to physical features 
due to faults in the Pirnmill or Pelll'ioc neighbourhood. There 
are others south of the Iorsa valley about Beinn Lochain, Such 
features are common in the schists of the Cmval district of 
Argyllshire, 

From what is known of the Highland boundary fault elsewhere, 
it is possible, or eyen probable, that the portion of this in Arran, 
\yhich is south of the large granite area, may be pre-Carboniferous 
or e\'en of earlier date than the Upper Old Red rocks, and some 
of the faults which affect the Lower Old Red formation about 
Monyquil and in the Sannox glens may be of a like date, 

In the quartz porphyry of "Windmill Hill there are faults and 
crushes which are of older date than basalt dykes which pierce it. 

K one of the large faults in the Corrie and Sannox districts, some 
of which are undoubtedly post-Triassic, are found to affect the 
granite in any way, and the even outline of the latter is a clear 
demonstration that the large faults must haw been formed previous 
to, or ducing, its intrusion, and not subsequently. 

The anticline of North Sannox is much broken by faults, but is 
manifestly later than the Carboniferous and Triassic periods, for 
we find rocks of both these dates on either side the anticline 
dipping in opposite directions. Strange to say, however, the anti
cline does not affect the schists, and their "trike has no relation to 
that of the newer rocks. Hence it appe[ll's that the metamorphic 
rocks had nearly their present strike before Old Red times, and 
the boundary faults along the north-east shore are contemporaneous 
with the formation of the anticline. It. follows that many, if not 
most, of the faults are post-Triassic. 
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On the southern side of the great granite mass, if we compare 
the dip and strike of the rocks near Brodick Castle and in Glen 
Shurig "ith those in the Shiskine district, "e find that the Upper 
Old Red, the Carboniferous, and the Lower Triassic beds have all 
been nearly equally affected by uphea,ing or disturbing move
ments, so that these mo,ements must have been very considerable 
since the Triassic period. And "hen "e notice a general parallelism 
bet"een the successi,e outcrops of these beds and the edge of the 
great granite mass "e are driyen to the conclusion that the intru
sion ofthe latter has been the principal factor in causing the present 
arrangement of the strata in question. 

The efiect of the southern granitic mass in truncating all these 
three formations, and causing the outcrops to be carried a long 
distance soutlnmrd, as far as to the Clachan Glen, is remarkable. 
Of course the resnlt is partly due to faults, as we have shown, but 
there is a tendency, as in the case of the larger granite mass, for 
the strike of the rocks to become more or less parallel to the edge 
of the intrusions, and this, as was before observed, is noticeable in 
the metamorphic rocks on the western side of the northern granite 
region. 



CHAPTER XIII. 

Glaciation and Glacial Deposits. 

NORTH ARRAN, SOUTH BUTE, AND THE CVMBRAES. 

A great part of the land area in this sheet was at one time 
covered by an ice-sheet which moved generally from north to south. 
This is evident not only from the distribut.ion of erratic boulders in 
various parts of the district, but more particularly from a study of 
the glacial strire on the solid rocks. The direction of these is almost 
due south in many examples on either side of the Little Cumbrae* 
and near Ardscalpsie in Bute. Sometimes there is a deviation 
towards the east as on the rock called Miller's Thumb in Millport 
Harbour, where the direction is about 15° east of south, and near 
Barr Buidhe, South Bute, where it is S.S.E. In other cases it is 
west of south, as in Bute to the east of Barefield (S.S.W.). It is 
clear, then, that the ice-sheet from the north moved over the 
comparatively low ground of Bute and the Cumbraes without let or 
hindrance, but the high hills of Arran divided the stream of ice 
as a rock in a running stream divides its current. For along the 
western side of the high ground south of Catacol we find almost 
universally the direction of the strire parallel to the edge of the 
granitic mass. At first the direction is nearly S.W., as near 
Lochan a'Mhill. From Penrioc to Imachar the general trend of 
the ice-markings gradually changes from S.S.W. to almost due 
south, and about Balliekine it becomes east of south. Thus 
we have clear evidence that the ice-sheet coasted the high ground 
instead of going over it. The strire on the granite inland to the 
west of the Iorsa valley have the same southerly tendency, but as 
the direction of these coincides with that of the valleys there it is 
not clear whether they are due to the great ice-sheet or to local 
glaciation. Portions of the great sheet may have gone over the 
watersheds at the heads of Catacol Burn and Easan Biorach, which 
are both under 1200 feet in height, and been augmented by local 
shed from the neighbouring hills. 

The larger granitic mass east of the Iorsa caused a much 
greater deviation in the direction of the ice-sheet, for from Torr 
Meadhonach, in the north of the island, all along the skirts of the 
mountains we find the general direction of glaciation to have been 
between E.s.E. and dne E. This continues at least as far as 
Farchan Mol' on the south side of Glen Sannox. It now becomes 
pretty clear that the high mountains of Arran \Yere not overridden 
by the general ice-sheet, but they must, both before and at the time 
of greatest glaciation, have been covered by a local ice-cap which 

* Most of the groovings on t.he Little Cumbrae are within tide range, and it seems sur
prising at first sight that they arc so fresh where exposed to tidal action. It must be 
borne in mind, however, that they have been so exposed for a comparatively short time, 
for till the last upheaval of the land they were" full fathom five" below water, 



134 The Geology of North .ih"ran. 

shed material all rouud to increase the general mass of ice. The 
high ground south of Gleann an't Suidhe may have formed a local 
ice-sheet also. At all events we haYe evidence that to the south of 
this the general ice-sheet moyed south-\\ estiYard O\'er Arran towards 
Kintyre. It may be mentioned that glacial striffi are particularly 
numerous and good on the "est side of Arran neal' the road 
between \Vhitefarland and Imach:1r; a particularly fine example of 
a grooved and polished surface of schist may be observed by the 
roadside at the former place. 

To the east-south-east of Auchencar ridges of drift 01' drumlins 
which are parallel to the general direction of the glacial striffi are 
yery prominent. They trend somewhat to the west of south, and in 
seyeral cases are eyidentlyexamples of the phenomenon cal1ed crag 
and tail, for each of them is under the lee of a crag behind which 
the glacial material has accumulated. 

ERRATIC BLocKs.-At the north end of Great Oumbrae schist 
boulders which must ha"e tra,'elled from the north are found in 
selTeral places, and blocks of gritty schist occur on the east side of 
the island near Bessy's Port. In South Bute schist blocks are fairly 
numerous. There is one on the foreshore of Kilchattall Bay called 
the Black Rock. Another ,Yest of the old quay measures 8 feet by 
7 by 5, and there is a pebbly ::;chist boulc1er 7 feet long to the west of 
the pier. A large block of qnal'tzo::;e pebbly schi~t veined withqu:1rtz 
350 yards VV.S.'iV. of Lubas is 8 feet long, and large fragments of 
a similar rock are near the seashore half a mile west of Quochag. 
A gneiss boulder also occurs in Qnochag plantation, and there is a 
large boulder of gritty schist south of the west end of Suidhe 
plantation. A boulder of grey granite 3 feet 6 inches long, but 
partly buried, is found three qual·tersof a mile vV.N.'iV. of Quochag. 
'l'hese are all far-tra yelled blocks. and a fe,y erratics are also found 
in Arran, but most of the bould~r::; of that island are oflocalrocks. 
A ,yel1-rounded boulder of coar8C granite with large crystals of 
pink felspar is on tLe shore about half a mile west of the Oock of 
Arran. It is probably an example of the granite of Glen Fyne 
which has been carried from the north. About three quarters of a 
mile west of Lochranza pier there is at a height of about 200 feet 
above the spa and reposing on the schists a large boulder of 
brecciated conglomerate very like the kind so common in the Upper 
Old Red rocks of Bute. Its dimensions are 12 feet long by 9 feet 
broad, and it is four feet high. This block of coarse rock is composed 
mainly of fragments of quartz and schist. It may have travelled 
across from Bute. .Rock of much the same character occurs also in 
Arran, but it would not be easy to account for its position here 
unless it came from outside the island. . 

The largest of the local erratics are of granite. The heaviest is 
probably the Olach })fhor, on the highest raised beach south of the 

. the Oorrie Bul'll and about three quarters of a mile south of the 
hotel. It is 30 feet square at the base, about 15 feet high, and 
must weigh about 400 tons. A block stillllonger than this (36 feet) 
but probably not so heavy, occurs among the moraines north of 
Oeum na Oaillich. Olach an Fhionn, a split boulder north of Oorrie 
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by the roadside, measures 17 feet by 10 by 7, and Clach a Chait, 
600 yards farther north, is 18 feet long, 6 to 9 feet "'ide, and about 
15 feet high. There is a large granite boulder on the Corrygills 
shore, and large blocks of granite are numerous on the Clauchland 
shore on the north side of Lamlash Bay, and a few occur high up 
on the northern slopes of Holy Island. They are abundant on the 
Old Red Sandstone slope east of Moniquil, where one was 
measured 17 feet by 8 feet 6 inches; and on the hill-slopes north of 
Dougrie and on the seashore to the west, where several are as much 
as 10 feet long. The numerous large boulders of granite and schist 
that encumber the shore for a distance of a mile and a half north
west from the Io1'sa Water haye been derived from the denudation 
of the boulder-clay during the process of cutting back the cliff to 
form the present raised beach, and the Clauchland shore boulders 
have probably in like manner been derived from the denuded till 
of the neighbourhood. 

GLACIAL DEPOSITS.-Till or Boulder-clay.-This well known, 
irregularly accumulated deposit is often tinged of a red colour 
and is very unevenly distributed, being mostly confined to the 
valleys and low-lying ground. Probably the best exposure of it 
in this area is on the north side of Ballymichael Burn, nearly half a 
mile above the road, whe1'e reddish till or stony clay appears from 
40 to 50 feet in thickness. Thick masses of grey till may be seen 
in the banks of the Cnocan Burn, Brodick, about half a mile above 
the wood, and compact red till appears in the south bank of Glen
cloy Burn near Knowe. The general drift of the granite area is 
less clayey and more loosely aggregated, sometimes much like 
morainic material in character, though not in form. Thick 
masses of loosely-constructed brownish drift, with large blocks in it, 
are exposed in the banks of Allt Gobhlach, Pirnmill, half a mile 
from the sea, and fine exposures of this loose granitic drift are found 
by the stream called AlIt ant Siorraim which issues from Loch 
Tanna. In places on the west side of the stream the drift 
would appeal' to be from 50 to 100 feet thick. 

MORAIXES.- Relics of a later and more local glaciation also occur 
in nearly all the valleys in the shape of moraines. They are 
especially conspicuous in the valleys at the head of the North 
Sannox stream on the north side of Caisteal Abhail, and in the 
upper part of Glencloy in both its branches, Glen Dubh, and Glen 
Ormidale. In the three valleys into which North Sannox 
stream divides the moraines are generally an irregular assemblage 
of small mounds composed of huge blocks of granite, but in addi
tion to this there is a fine example of a lateral combined with a 
terminal moraine on the eastern and north-eastern sides of the 
heaps S.E. of Creag Dhubh. There is also a linear moraine in the 
eastern valley-Coire nan Ceum-in addition to the formless heaps. 
In South Glen Sannox there is a well-formed lateral moraine, more 
than half a mile in length, which forms a sloping ledge nearly 
parallel to the stream on the north side of the valley, under Ceum 
na Caillich. In Coire nan Larach to the north of Am Binnein 
there is a beautifully-formed lateral moraine strewn with granite 
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blocks, and there is another in Coire Lan at the head of the White 
Water. A well-marked linear moraine, which is at a low level to 
the north of :Maol Donn, can be easily discerned from the high 
road south of Corrie. It has a north-east trend. Moraines are 
COllmon in the Ior8a yalley, and there are fine examples near the 
head of the Garbh Choire Dubh west of Cir :Mhor. In Glen Rosie 
they are found less than half a mile west of the wood and below 
the upper limit of the 100 feet beach, and they are prominent 
again two miles farther up the valley where it divides into three. 
The upper part of the Garbh Allt branch glen, for a distance of a 
mile from the head of the ,alley, is almost one sea of moraines. 
In Gleann Dubh (Glen Cloy) there is a magnificent series arranged 
for the most part in concentric curves round an alluvial fiat at the 
foot of the crags ,,-hich must at one time haye been a glaciallochan, 
or a tarn, dammed by moraines (see Plate IX). 

ESKERs.--In the valley of the Machrie ",Yater, about :M:onyquil 
and Glaister, and also up the ~Iachrie Burn, mounds of detritus 
occur which at a distance might be mistaken for moraines, but 
,,-hich when closely examined are found to consist of washed sand 
and grayel. 'rhey are, threfore, more of the nature of eskers or 
kames. On the l\Iachrie Burn they are conspicuous to the west of 
Cnoc na Ceille, ,,-here they form an irregular group stretching 
for a quarter of a mile parallel to the burn on its east side. On 
the ,,,est side, a line of them, almost a continuous ridge, may be 
traced to the north-,Yest,Yard for nearly half a mile. On the 
Machrie ,Yater the best examples of them are found between 
Monyquil and ~Iachrie Bridge on the west side of the riYer, and 
mounds of much the same character are found neal' the road which 
runs past Derenenach and Ballymichael to Shiskine. East of 
Ballymichael these mounds are ,-ery striking, and pits have been 
opened in them in seYeral places for gnlYel and sand. Pits have 
also been made in the long mound between Machrie Bridge and 
Glaister. One of these mounds of a curved shape, south-west of 
Monyquil, is known as " The Serpent :Mound," and is supposed to 
be artificial. 

LA~IINATED-CLAYS AXD SAXDS WITH GLACUL SBELLS.-These 
are found in Bute at the Kilchattan Tileworks, and they occur 
also in the Great Cumbrae. The beds at Cumbrae College have 
been described by the Rey. R. ",V. Crosskey and D. Robertson in 
'rrans. Geol. Soc. Glasgow, ,-ol. iii, p. 113 (1868). The same 
obselTers describe the Kilchattan beds in the 4th vol., p. 128, of the 
Glasgo,,- Geol. Soc. 'rrans. (1872); and these have also been 
described by (Sir) A. Gaikie in his paper" On the Phenomena of 
the Glacial Drift of Scotland," 'rrans. Geol. Soc. Glasgow, vol. i, 
part 2, p. 132 (1863); and by James Coutts in the Proc. Nat. 
Rist. Soc. Glasg., Yol, ii, p. 33 (1870). 

AYRSHIRE DISTRICT. 

In the part of Ayrshire described in this memoir the movement 
of the ice of the Glacial Period has been persistently from north 



Plate IX. 

Moraines in Glen Dubh (Glen Cloy), near Brodick, Arran. They in great part surround 
an alluvial flat which was once a moraine-dammed lake. 



TN! 
JOHN CRERA~ 

LIRRIlP" 



Glaciation. 137 

to south, the actual direction varying slightly with the form of the 
grl)und or from other causes. If we take the observed strire on the 
rocks at the greatest distance from the heights ,,·hich would 
influence the motion of the ice, we find them at the Portin
cross beach as a well ice-"orn surface of pebbly red sandstone, 
running towards S. 25° E. As the ice which engraved them 
must have come from N.N.W. across the Firth of Clyde 'we 
may assume that this was the general trend of ice-movement here. 
But the steep volcanic escarpment could not fail to affect the flow 
of at least the lower portions of the ice-sheet. Consequently on 
bare surfaces of andesite on the south side of the Gogo Burn above 
Largs the strire are found to have been turned round and to point 
to S. 25° W. But a little farther south they run towards 
S. 20° E. 

That the Ice moulded itself upon the surface of the 
rock over which it moved and that it was pressed up hill is well 
shown at several places in this district. Thus, in the ravine of the 
Gogo Burn, 1000 yards due east from Gogo Bridge, a well ice
ground face of andesite, with an inclination of 60°, has been scored 
from bottom to top by the ice that was driven upward out of 
the hollow. Again, on the east side of the smaller of the two 
necks 'which rise from the slopes to the south of Fairlie, the sur
rounding sandstone has been striated from below upward by a mass 
of ice that was here moving towards S. !:Jo E. 

The boulder-clay is abunc1antlyspreadover the surface ofthe sloPIilS 
between the edge of the volcanic plateau and the sea. It is full 'of 
local stones, but contains also many from the Highlands. Sections"of 
the deposit may be seen in almost any of the watercourses. if. 
likewise forms the smooth grassy bluffs that rise from the in net' 
edge of the platform of the raised beach. The large number of 
boulders everywhere strewn along the beach afford good material 
for studying the march of the ice-sheet, and remain as evidence of 
the contents of the boulder-clay which has been removed from so 
much of the lower ground. A. G. 

KINTYRE DISTRICT. 

Although the nature of the rocks in the area is not favourable to 
the preservation of Glacial strire, the track of the ice which 
enveloped Skipness is indicated by the nature and disposition of 
the Boulder-clay and the carry of material. These indicate that 
during the period of maximum glaciation this part of the peninsuh 
shared in the general movement of the great ice-sheet which 
crossed Kintyre approximately from east to west. As shown in 
the Report of the Committee on the High-level Shell-beds of 
Kintyre to the British Association in 1896,* strire pointing west
wards are found on the watershed at elevations of over 1200 feet 
to the north-west of Carradale, just outside the present area, and 
boulders of Arran granlte have been traced in the drift across the 
peninsula from Carradale to the west coast. 

* Report Brit. Assoc., 1896, pp. 386·389. 
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The Boulder-clay found o,'er the Skipness area is red in colour and 
contains a large amount of red sandy matter and boulders of red 
,mndstone and conglomerate entirely foreign to the area. It every
where lies on the ,,'estern slopes of the rising grounds, while the 
eastern slopes are bare. It fills the valleys of the Skipness and the 
Claonaig ,,-a tel'S to great depths, and in the former case to over 
200 feet in places, and both streams down a great part of their 
lower courses are cutting their present trenches between the 
Boulder-clay and their ancient western rocky sides, so that they 
haye rocky banks on the left and high Boulder-clay bluffs on their 
right, and do not appeal' to haye as yet reached the bottom of their 
old pre-glacial channels. The Skipness Water, however, appears to 
leaye its old yalley to cut into its rocky side for half a mile below 
Coalfin close to Skipness. 

It is singular that the colour of the Boulder-clay in Skipness 
should be red. It cannot he of local origin, as the rocks of 
the region could not giye rise to a deposit of that colour; nor 
can it haye derived its colour from the rocks now seen on the 
shores of Loch FYlle, as the Boulder-clay found on the shor8s 
further up are described in the :Memoir on Cowal as greenish
grey 01' pale-huff in colour.* Red boulder· clay, ho,,'ever, is 
common in the south part of Cowal.t It occurs throughout 
Kintyre south of this region, and is continued across Islay. 
It is highly prohable that the redness is due to the rocks over 
"'hich this part of the ice-sheet passed having been stained 
by an extension of Triassic rocks which may have filled the 
Clyde Basin and only heen removed in late Tertiary times. The 
discoveries connected ,,-ith the great Tertiary neck already 
described, giye great support to such a supposition. It may be 
that eyen :ret outliers of Triassic rocks occur in the Clyde to the 
east of Skipness, for Triassic rocks pass out to sea at the Cock of 
Arran,:;: and stained carboniferous limestone blocks full of 
characteristic fossils form a bank at the mouth of Catacol Bay § 
in such a manner as to suggest that they are not far out of place. 

No moraines haye been with certainty detected in this area. 

l.' "Geology of Cawal," ~Iem. Geol. Soc. Scot., p. 255. 
t Ibid., p. :255. 
::: See ante, Chap. "ii. 
§ See ante, Chap. vi. 

B. N. P. 



CHAPTER XI\T. 

Raised Beaclces and Recent Deposits. 

RAISED BEACHEs.-'l'he 25 feet raised beach is a marked feature 
on the long coast-line of this map. Though often very narrow it is 
very persistent. It may disappear for a time at a rocky promontory 
but shortly re-appears. Sometimes it is but a shelf cut in the 
rocky shore with no deposit of gravel on it, and occasionally, as in 
the case of the ::\criden and the ]'allen Rocks in Arran, the original 
shelf has been obliterated by a comparatiyely recent landslip. The 
rocky shores of South Bute and of the Little Cumbrae show the 
least traces of it. The marine shells found in the sand and gravel 
of this lower raised beech or lying loose on its surface, appear all to 
be of species HOW living in adjoining seas, and are a testimony to the 
recent elevation of the land. A list of S0111e found in a field about 
a mile south of Corrie is given by Ramsay in his" Geology of Arran," 
p. 19. In the southern part of Great Cumbrae, west of Millport, 
the shells in places are so numerous as to form a kind of she11 marL 
A separate beach at the height of the" 40 feet" seldom occurs, except 
at the mouths of the large streams or in sheltered bays. In fact, 
both the 25 and 40 feet beaches are represented by the continuous 
marine terrace above described, which is often bounded by high 
sea-cliffs in which water-worn caves occur at various levels. These 
latter are conspicuous between Brodick and Corrie on the eastern 
side of Arran in the New Red Sandstone; and several are found 
hollowed out of the schist on the north-west coast. The remark
able group associated with the King's Cove near An Cumhann are 
just at the south-westerly edge of the map. 

The higher and older marine terraces have evidently suffered 
much denudation by the action of the sea along the exposed part 
of the coast, and by streams at their mouths, and in the bays of 
Brodick and Lamlash, where several burns enter the sea. In these 
latter situations the marine and freshwater alluvia are mingled so 
that it is difficult to class them separately. We have evidence, 
however, of several beaches at different levels rising from 40 or 50 
feet to over 100 feet above the sea, which are beautifully exhibited 
near the mouths of the Iorsa and Machrie streams in Arran, and 
ill" the extensive tract of low lying land, west of Kilchattan, in 
Bute. At the time of greatest depression, when the highest beaches 
were formed, Inchmarnock was separated into two islands, and the 
portion of Bute included in this map was divided into three; 
the northern part of Great Cumbrae was in like manner a separate 
island from the rest. In Arran the sea penetrated far up into 
many of the valleys; Glen Rosie and Glen Cloy were sea lochs, each 
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one and a half miles in length; Lochranza "as lengthened by one 
mile, and Lamlash Bay extended one mile farther to the west. 
North Glen Sannox "as a long nano" sea loch, and at Oatacol and 
South Sannox there "ere broad, short lochs. Perhaps the greatest 
changes in Arran "ould be on the western coast, where not only 
was there a sea loch at the mouth of the Iorsa but in the plain of 
Shiskine the sea penetrated in an irregular way to more than two 
miles east"ard of its present boundary, and the hilly ground of Torr 
Righ Beag and Torr Righ )lorformed a separate island. Good sections 
of the grayel and sand of the higher beaches are exposed in the north 
bank of the Rosie Burn one mile from the sea, the south bank of 
Sannox Stream opposite lIIid-Sannox House, the east side of the 
Iorsa 'Vater aboye Dougrie Lodge, and in a gravel pit at Loch
ranza aboye the junction of the two main streams and west of 
Ballarrie. W. G. 

The coast-line between Ardrossan and Largs affords a typical 
example of the raised beaches of the Firth of Olyde. These 
tenaces form a platform of le,·el ground along "hich the coast
road runs, and on "hich the maritime villages are built. On the 
seaward side of this platform lies the present sea-beach; on the 
inland side the ground rises steeply as a grassy bank, or occa
sionally as a wooded cliff, according to the nature of the material 
out of \yhich it has been eroded. The smooth slopes usually mark 
the position of the Boulder-clay, while the more cliffy faces 
indicate the outcrop of harder rock. 

~t least four terraces may here and there be discriminated, but 
their boundaries are apt £0 become so faint that they seem to 
merge into each other, and they cannot, therefore, be continuously 
shown 011 the map. The Imyest and youngest of the beaches 
has a height of about 15 feet along its inner margin. It 
forms the platform on which the seaward part of Largs stands, 
where its limits can here and there be readily traced. The gentle 
bank, which marks its landward edge may be seen on the south 
side of the mouth of the Gogo Bum, on the fiat to the south of 
Broolllcraig Park, and to the south of Fairlie. It is on this terrace 
that most of the coast-road runs between Largs and Fence Bay, 
and again bet\\'een Seamill Bridge and Ardrossan. 

The next beach. usually knO\,n as the 25-feet terrace, coyers a 
bronder, more continuous~ and 1110re easily recognised space. Its 
inner margin runs, on the ,,·hole, tolerably parallel with the contour
line of 23 feet abo\·e ordnance datum, at a little higher elevation, 
but occasionally it sinks below that line or rises farther above it. 
These yariatiOl~S, \\'hich recur at frequent interntls, may be due to 
irregular local difterences in the accumulation of littoral detritus. 
It should be noted that this terrace is fundamentally a platform cut 
out of the rocks underneath and with a yariable thickness of sand 
and grawl spread oyer these rocks. At the same time it is unfor
tunately true that no careful levelling has yet been undertaken 
in the basin of the Firth of Olyde, or indeed anywhere in Scotland, to 
ascertain if a recognisable increase or diminution of the height of 
any of the marine terraces can be detected, such as might indicate 
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inequality of movement between one part of the country and 
another. 

The terrace continues as a well-marked platform about 200 yards 
broad to beyond Seamil1 Bridge. From its inner border a steep 
bank rises to more than 100 or even 150 feet aboye the sea, and 
shows here and there outcrops of red sandstone on its declivities, 
as in the" braes" of Boydston, Glenhead, and the Bank. Beyond 
Seamill Bridge, where the road quits the shore, the 25-feet beach 
continues tmyards the north-west with its wooded landward banks, 
which probably consist mostly of drift. At Portincross, however, 
it is interrupted by the projecting promontory formed by the broad 
and long dolerite-dyke already mentioned. Immediately beyond 
this point the platform reappears in its most characteristic form. 
It is here in places less than 70-yards broad, and is bounded inland 
by a range of wooded cliffs which rise to a height of 300 feet. 
The contrast between the dark rocky wall behind, and the strip of 
leyel green fields at its base, with the blue sea in front, forms a 
singularly striking piece of coast-scenery. After a distance of 
about a mile the cliffs sink down into sloping ground which makes 
a curve inland for three-quarters of a mile to Hill House, where it 
forms a promontory and then turns abruptly southwards away from 
the coast. By this disposition of the topography bays were formed 
in the old shore-line; the marine accumulations were there laid 
down under more sheltered conditions, and now cover a wider area 
and attain a greater development than elsewhere along this coast. 
To the south-west of Hill House the 25-feet beach expands into a 
fertile platform 1400 yards long, and with an extreme breadth of 
of 750 yards. Its inner margin follows the line of a low bank to 
the north of the grounds of Hunterston House. To the southward 
a higher platform makes its appearance, which will be further 
referred to immediately. The 25-feet beach stretches north by 
Fairlie to Largs, and for many miles beyond, carrying with it the 
same type of scenery which has now been described. Here and 
there it seems to merge insensibly into higher and older terraces 
especially where a stream, descending from the high grounds of the 
interior, has mingled its alluvium with that of the marine terraces, 
as in Kelburn Park, where the Kel Burn enters the sea, and at 
Largs where the Gogo Burn has carried down a large quantity of 
detritus from the hills above. 

The next beach in succession is that to which the name of 50-
feet terrace has generally been given, though its average height is 
probably rather less than that number of feet. At one time it was 
no doubt well developed along this part of the Ayrshire coast, but it 
has been in great part cut away during the prolonged period when 
the 25-feet beach was in course of formation. The only consider
able portion of it that can be recognised is that which fills up the 
deep and broad hollow that extends from Poteath, beyond 
Hunterston, for a mile and a half to the south, with a breadth of 
more than half a mile. There can be no doubt that this was once 
a sheltered sea-bay where marine deposits might accumulate, and 
where they would be more likely to escape subsequent demolition 
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than on the exposed coast-line to the north and south. Unfortu
nately there are hardly any sections to be seen of the deposits of 
this terrace. They include fine clays, which have been worked at 
Carl ung for the making of tiles. That these clays lay at the surface 
over considera"ble spaces may be inferred from the position of 
Carlung Moss, which is an extensive tract of peat lying immediately 
on the marine platform and filling a small bay at its northern end. 
No marine organisms are known to have yet been obtained from 
these clays. 

The highest beach which is generally recognisable in this part of 
Scotland is that to which the name of the IOO-feet terrace has been 
assigned. Being older than the others it has been much longer 
exposed to denudation and has consequently been much more 
extensively demolished, so that for the most part only fragments of 
it now survive in such sheltered places as could afford it protection. 
The high gravel platfonn behind Largs appears to belong to this 
terrace. 

Marine alluvium of younger date is ~well displayed along the 
shore from Largs southward. At 10\v tide the Southannan and 
Hunterston sands present a plain of wet sand extending for nearly 
a mile out towards Fairlie Roads. 

As already stated, the conditions have not been favourable for 
the formation of blown sand. But a small patch of this deposit may 
be detected here and there as, for instance, on the promontory close 
to the volcanic neck at the south end of Fence Bay. A. G. 

Fragments of the IOO-feet raised beach terrace are found near 
the mouth of Skipness vVater above Skipness Castle, and over
looking the eastern angle ot Claonaig Bay, as ,veIl as at Escairt, 
just above Escairt Puint. A lower terrace, probably representing 
the 50-feet beach, is also found at the same localities. Relics of a 
still lower terrace, probably the 25-feet beach, are found all along 
the coast bordered by a steep bluff of cliff often cut in the rock or 
pierced with caves, forming a feature which easily arrests the eye. 

PRESENT BEACH.-As already stated, the coast-line for the most 
part is rocky and no heach is being formed on these exposed parts, 
but the material abstracted by the sea is carried forward and heaped 
up in the sheltered bays. The higher raised beaches also occur 
in the same places, showing that a similar action took place during 
their accumulation. In Skipness Bay the marked deflection of the 
Skipness vVater towards the west by the beach shows plainly that 
the greatest wave-action along this shore is by waves from the east. 

E. N. P. 
FRESHWATER ALLUVIA.-As might be expected from the small 

size of the streams the patches of freshwater alluvium are generally 
small and unimportant. The largest are found in the plain of 
Shiskine, on the Machrie Water above the old bridge, in the Iorsa 
valley above 10rsa Loch, and at the mouths of the Iorsa, Catacol Burn, 
Easan Biorach, the two Sannox Burns, and those which enter the 
bays of Brodick and Lamlash. The alluvium at the debouchure of 
the streams has been to a great extent formed from the denudation 
and rearrangement of the material forming the raised beaches. In 
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the Shiskine district the alluvium of the swift running streams on 
the east side has been spread out in fan-like or delta forms over 
the marine material. The allm'ial sand and gravel of the Machrie 
is two miles in length and nearly half a mile broad in places, and 
has been accumulated by several swift running streams of consider
able size. At first sight it might be supposed that the material 
has filled up an old loch, but the fact that there is a rise of quite 
100 feet between the foot and the upper end rather militates 
against this view. The patch of alluvium in Glen Iorsa is nearly 
as broad as the last and is three miles long, and here there must 
have been at one time an extensive sheet of freshwater which, 
including the present Loch Iorsa, may have been three and a half 
miles in length. For a distance of more tJJan a mile above the last
na.med loch the alluvial flat is studded with smalllochans, and the 
rise in level is but 7 or 8 feet. Even at a distance of more than 
tv.'o miles above Loch Iorsa the alluvial flat is only 30 feet higher 
than the loch. A beautiful example of a filled-up lochan, an old 
moraine-dammed tarn, occurs in Gleann Dubh (Glen Cloy) at the 
foot of the steep crags. The present extent of the alluvial flat 
shows this lochan was about 400 yards long and 300 broad. Old 
lochans or tarns which have been filled up are now generally peat
bogs, like Branzet Moss in Glencallum in Bute, and a bog east of 
Breckoch in Great Cumbrae. There were several on a small scale 
in Little Cumbrae. It is evident that several of the streams have 
changed their courses in the low-lying ground near the sea. In 
an old manuscript map of the latter part of the 18th century the 
Rosie Burn is represented as taking a sweep round to the eastward 
in what is now the deer-park, and the Cnocan Burn came south
ward towards it. '1'he marked bank in the park south-west of the 
cottages shmvs where the old stream ran. At that time there was 
a project to make an artificial channel connecting the Rosie Burn 
with the mouth of the Cnocan in order to form a harbour opposite 
the castle. The lmver part of the Cnocan Burn is now an artificial 
cut. There is still trace of a large bend, an old course of the 
Rosie, west of Strabane. '1'he mouth of this stream has undergone 
several changes. At one time it ran along the sands towards the 
Cnocan, and afterwards changed to a straight course out to S6a. 
Then it turned to the north again and its outlet, when the 
Ordnance Survey was made, must have been nearly 700 yards 
north of what it is now. '1'he present run straight out to sea is, 
however, said to be owing to an artificial cut having been made. 
It has been in existence many years, but strange to say is not on 
the revised ordnance map. The greater part of the wate]' of 
Ballymichael Burn is now carried by an artificial channel into the 
Machrie Water, to the east of the Stone Circles of Tormore, and 
this having been made a good many years ago onght to have 
appeared on the revised ordnance map. 

PEAT.-The peat of the old lochans has been already noticed, 
and only the moor or hill peat will be described here. The higher 
granite hills are almost bare of vegetation, and the higher ground 
on which peat accumulates is in the southem part of the map, from 
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Beinn Bhreac to A'Chruach. There is a good deal of peat, 
however, on the lower granite area from Glen Catacol eastward to 
An Tunna, and it is abundant on the high plateau-like or gently 
sloping ground formed of schists, nearly all round the granite 
district. It is found, in fact, o,er the rocks of all formations in 
Arran, from the oldest to the Boulder-clay of the Glacial period. 

BLOIYX SAXD.-Low hillocks of blown sand, but of no great 
extent, may be obsel'Yed on the raised beaches at the north end of 
the Great Cumbrae, neal' :Millport east of Breckoch, and coasting 
Scalpsie Bay and Stravanan Bay in the island of Bute. A more 
extensive area of blown sand, a typical sea-side links, occurs at 
:Machrie Bay, Arran, to the south of the Machrie Water. 

LAxDsLIPs.---Probably the largest area covered by a landslip in 
.Arran iR that ~Yhich is found in the hollow north of Maol Donn, 
between it and An Sgriob. Large masses both of Carboniferous 
and Triassic rocks are scattered over an area which is 600 yards in 
length from S.W. to N.E., and on an average more than 200 yards 
in breadth. The extent of this slip must be quite 25 acres. Other 
notable landslips, which have often been described, are those which 
form the Fallen Rocks and the Scriden. The former make a 
striking debacle of large blocks, from a height of 500 or 600 feet 
dmvn to the sea lenl between North Glen Sannox and Millstone 
Point. The slipped masses are all of Upper Old Red Conglomerate 
(see Plate X.). The Scriden covers a larger area at the most 
northerly part of the island. It is formed of large blocks of 
Triassic sandstone and conglomerate which fell, it is said, some 
two hundred years ago. The concussion shook the earth, and the 
fall was heard in Argyllshire and Bute. In addition to the masses 
which have actually fallen several parts of the hill above have 
moved slightly from their position and left deep and narrow rents, 
one of which is known as the Fairy Dell. W. G. 

No fresh-water alluvium exists in the Ayrshire district of suffi
cient importance to find a place upon maps on so small a scale as 
one inch to a mile. The slopes are too steep to permit of the 
deposit of sediment, and when the bottom of the declivities is 
reached the water-courses are within a stone-cast of the edge of the 
Firth. The only tract of fresh-water accumulation that may be 
referred to here is Carlung Moss already noticed. Considerable 
tracts of peat and peaty moor occupy the hollows of the volcanic 
plateau just beyond the present district. A. G. 

Small alluvial plains are found along the course of the Kintyre 
streams, the broadest and most continuous being found on the 
Claonaig ,Vater. High terraces showing stages in the lowering of 
the valleys are well shown along the same stream, especially where 
it runs through boulder-clay. They also occur in the Skipness 
Water where the river has cut deep down into the boulder-clay 
above the rocky gorge of Coalfin close to the village of Skipness. 
Small patches of alluvium occur along the smaller streams, but they 
are two small to be shown on the one-inch map. 

Cultivation is mainly confined to areas covered by boulder
clay, the raised beaches, and the alluvial terraces, the best 
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Landslip of Upper Old Red Sandstone Conglomerate, which goes by the name of " The Fallen 
Rocks," East Coast of Arran, nearly 4 miles North of Corrie. 
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land being found on the two latter formations, as owing to their 
arrangement of the materials they afford natural drainage. 
The areas where the rock is not covered by these deposits are either 
bare, or, where the rocks readily decompose, are covered by a thick 
coating of grassy or heathery turf, while peat, thick enough to be 
worked, occupies hollows both overlying boulder-clay and decom-
posing rock debris. B. N. P. 

K 



CHAPTER XV. 

EconOJnir; Geololj y. 

Coal. 

At Ambrisbeg, in Eute, some 200 or 300 tons of coal were said 
to ha,e been got out many years ago. The seam is in the same 
position as that once worked at Ascog, and is probably of the same 
character, a kind of anthracite, locally called "blind coaL" In 
Blain's History of Eute the Ambrisbeg coal is said to have been 
from a foot to 16 or 20 inches thick, but the field of it being small 
anel the dip great combined with the thickness of the seam to 
occasion it being neglected. Seyeral attempts have been made at 
,arious times to find a thicker seam, but inyariably without result. 
There are traces ofthe old adits to the south and also to the north
,,-est of Ambrisbeg. 

The coal formerly worked on the shore of the Oock Farm in 
Arran is referred to by most of the older writers on the island. 
All agree that the seam or seams belonged to the type of blind 
or glance coal. It was difficult to work, and principally used for 
the purpOSE' of making salt from the sea-water. (The old salt 
pans are close to the old workings.) It was probably also used 
for burning the limestone near Laggan. Two or three seams are 
said to have been ,,-orked, the principal seam being three or four 
feet thick; but though more than one seam may have been 
found it seems probable that the workings were almost entirely 
confined to the thickest seam. They are very old and were dis
continued considerably more than 100 years ago, probably before 
1773, as under that date in the estate accounts there is a record of 
boring at Oock for coal. In the same year a boring for coal was 
made on the north side of Lamlash Eay on the Olauchland shore 
to a depth of 114 feet 5 inches, "hich naturally proyed unsuc
cessful. 

It is remarkable that no coal is found at Oorrie or elsewhere in 
the island in the strata corresponding to those at the Oock in 
,,-hich coal has been worked; nor has any coal been discovered in 
the highest Oarboniferous beds in Arran which, on the evidence of 
their fossil contents, are assigned to the Ooal-measures. 

Peat. 

There are extensi,-e tracts cm-ered with thick peat in the island 
of Arran, mainly on the higher plateau-like ground between 700 
and 1700 feet aboye the sea, but occasionally it is found at lower 
levels, a~ Oll the old raised beaches on either side the lower part 
of the :M achri e 'Yater. It was formerly much used for fuel all over 
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the island, and almost every-where old peat roads to the hills still 
exist, though they are not marked on the ordnance maps. On the 
east side peat for fuel has almost entirely been replaced by coal, 
but on the west side it is still cut and largely used in the 
Shiskine district and northwards to Imachar and Lochranza. 

Ironstone. 

To the north of the landing-place at Corrie is a thin band of 
clay-ironstone which crops out also to the westward on the hillside, 
where it is from four to six inches in thickness. It appears to be 
of good quality, and we were informed that some hundreds of tons 
of it were formerly exported. Probably it was not mined for, but 
was collected during the ,,'orking of the white freestone quarries. 
A similar band occurs in the section on the Cock shore. A number 
of old bloomeries exist in the island which haye been described by 
Mr. W. hison 1facadam.* Three of these are on the farm of 
Glenkiln near Lamlash, and in one case there is evidence that bog
iron ore was used. Two sites occur in Glencloy to the south-west 
of Glenrickard, and there were two near the road leading from 
Brodick to Lamlash, in one of 'which the slag was utilized for 
road-making. Another was at Coillemore near Lochranza. In all 
these cases charcoal appears to have been the fuel used for smelt
ing, and the slag remaining is of the dense black type characteristic 
of the early period when the smelting process was very imperfect, 
and a large percentage of iron still remains in the slag. 

Barytes. 

A vein of sulphate of barytes which was formerly worked crosses 
Glen Sannox Burn in a northerly direction about three quarters 
of a mile from the sea. The workings aboye ground extend for a 
distance of about 100 yards, mostly on the north side of the burn, 
and shafts have been sunk within the opencast workings. One 
shaft also is found 70 yards south from the burn. At the northern 
end of the workings the vein is from 12 to 15 feet wide, and 
purest on the west side. In the river the worked part of the vein 
is foul' to five feet wide, and there is about as much more mixed 
with sandstone on the 'Nest side, and also a little on the east side. 
The general direction of the vein is a few degrees west of north, 
but it has a rather wavy course. South of the stream, about 125 
yards, a small cross-cut was made at the surface, apparently as a 
trial to find the vein. In a burn to the S.S.E., another, or the 
same, vein occurs having a course towards the north-west. It is 
two feet or more wide in places and fairly pure, and has a hade to 
the south-west. The barytes occurs in a massive form, sometimes 
almost pure white but occasionally with a pinkish or yellowish 
tinge. Ramsay gives an account of the manufacturing processt 
carried on at the old mill of which traces still exist. 

* "Noto< on tho Ancient Iron Industry of Scotland." Proc. Anti'l' Soc. Scotland, 
1886, Pl'" 89-132. 

1- " Geology of the Island of Arran," p. 24. 
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Building Stone. 

There are extensive old quarries in the white Carboniferous 
freestone of Corrie which was much wrought a century or more 
ago. It was used in the construction of the Crinan Canal, and 
is said to have been shipped to the Isle of Man for building 
purposes. At present the red freestone of the Triassic rocks is the 
principal building stone in Arran, and there are large quarries in 
it at Brodick and Corrie. The stone is soft and easily worked, and 
is said to harden by exposure to the air. Large blocks of it can be 
obtained, and from Corrie the stone is largely exported to various 
parts of the Clyde district, and some going much farther away-a 
mansion in Rum being built of it. Troon harbour is said to 
have been built out of the material from the northern quarry. 
In the neighbourhood of Lochranza a tough, gritty schist is used 
for building purposes. At Millport the white freestone of the 
islands in the bay is quarried for like purposes, and the Upper Old 
Red Sandstone is largely worked south of Figgatoch. 

Slate Quarries. 

Slate has been worked in small quarries on Inchmarnock, both 
on the eastern and the south-west side of the island, the two 
extremities of a band that crosses the island in a N.N.E. direction. 
The slate is of a rough kind, grey in colour, and resembles that 
formerly worked at the quarries south of the Cock Farm in Arran. 
In the Brodick estate office there are records of these last workings, 
from which we learn that between 1773 and 1776 between two 
hundred and three hundred thousand were sold at prices of £1 
per thousand and upward. Work was also carried on here between 
1776 and 1781. Most of the slates from this locality have dis
appeared from the house-roofs of the neighbourhood, but some still 
remain in Lochranza and North Newton. 

Limestone. 

There are extensive old limestone quarries at An Sgriob, to the 
north of Maol Donn, and at Corrie. The latter are much the 
largest; they extend up the steep hillside for a quarter of a mile, 
and the limestone has been much wrought in artificial caves, 
besides having been worked at the outcrop towards the dip till in 
places there was nearly 30 feet of cover. Much lime was formerly 
exported, but very little is now burnt in the island, and on the 
Shiskine side lime is imported from Ireland. The only other large 
limestone quarries in this sheet are to the south of Kilchattan in 
the island of Bute. They are old workings, and are now filled with 
water and used as a reservoir, but a portion of them is newer than 
any of the Arran workings. According to an analysis of the rock 
given by Bryce* it is a species of dolomite, one specimen contain-

"Notes on the altered dolomites of the Island of Bute, Phil. Mag. xxxv, pp. 81-91, and 
Geology of Arran, etc., 2nd ed., 1859, pp. 56-59 ('th ed., r:P. 326-330). 
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ing 33·72 per cent. of carbonate of magnesia. Another specimen 
was analysed by Dr. R. D. Thomson with the following result:-

Silica and Alumina . 9'70 
Protoxide of Iron , 1'12 
Carbonate of Lime , 67'42 
Carbonate of Magnesia , , , 17'31 
Water, Coaly Matter, and Carbonic 

Acid. 4'45 

100'OO-Spec. gravity, 2'679. 

It is remarkable that where the rock has been converted into 
crystalline marble by the action of a dyke it loses nearly all its 
magnesia, the altered rock containing only from one to two and 
a half per cent. of it. 

Road Metal. 

The numerous igneous intrusions, especially the basic dykes and 
sills, afford abundance of excellent material for road-making almost 
everywhere. The acid rocks are not so much used for this purpose. 
However, a felsite sill is so used near the Brodick and Lamlash 
road, and a granitic mass near Derenenach on the Shiskine side of 
Arran. The hard sandstones of the Lower Old Red formation 
are used for road material in one or two places, as on the String road 
in Glen Shurig, and the gravel from a raised beach near Ballarrie, 
Lochranza, is taken for a like purpose. 

Clay or Tileworks, 

At Kilchattan in Bute is found a laminated fine clay which has 
been much worked for tilemaking. At the tile sheds it was about 
14 feet thick resting on red till, but to the eastw::trd it dies out and 
gravel is found reposing on the red till. Sometimes there are 
stones as big as one's fist in the laminated clay. Fine red sand, 
apparently without lamination, irregular in occurrence, but some
times 10 to 12 feet thick, generally overlies the clay. The clay at 
the west end of the working has a ridgy upper surface, and also 
contains shells, and is useless for tilemaking purposes. This clay 
belongs to the glacial series. 

Population, 

The distribution of the people has little connection with the 
geological formations, the population being confined in Arran to 
the neighbourhood of the coast and to the lower parts of some of 
the glens. The district of Shiskine, on the west side, is the only 
exception, and here a few scattered farms are found some distance 
from the sea. In Bute and the Great Cum brae we find scattered 
farms in the interior of the islands. The resident population of 
Arran is small but is much increased in the summer months by 
an influx of visitors, so that the inhabitants are probably doubled 
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in number. ~fany of the nati,es find employment in the summer 
in catering for the ,-isitors in yarious ways, but the majority of the 
people are engaged in agriculture, and the cultivated parts of the 
island are practically those in ,yhich the people reside. The 
remainder, and by far the larger portion, is devoted to sheep and 
deer. 

The fishing industry is almost extinct, and chiefly confined to 
that of' herrings on the west coast of Lochranza and Pirnmill. 

Soil and Agriculture. 

The allm-ial flats and raised beaches at the mouths of the 
principal streams afford the best soil, and the narrow terrace or 
raised beach round the island is in general carefully cultiyated. 
The upper limit of enclosed and cultiyated land is between 400 
and 500 feet aboye the sea, but the greater portion is below 300. 
As the ground rises steeply from the sea almost eyerywhere the 
arable land is necessarily but a narro,y belt along the coast and 
eyen there is not continuous, though apparently more land ,Yas 
formerly cvltivated in the olden times. In the Millstone Point 
district'there ,yere at one time 1J families residing at Cock, Cuithe, 
Lag-gan. and Laggantuin, where there are now but a farmer and a 
shepherd. In North Glen Sannox there ,,'as once a large popula
tion ,yhere i" now but a "olitarr shepherd's house. Seyeral 
deserted farmsteads in the high fields aboye Corrie, at North High 
Corrie, and eI8e"l"l'here, tell of former cultiyation "'here all is now 
pasture land. 

\\T e also find eyidence that it was at one time the general custom 
in the island to take the cattle to mountain pastures in the summer
time, and remains of the summer shielings or airidhs, as they were 
called, are COllllllon in nearly all the high glens. 

The old runrig system of cultiYation, which was general 100 
years ago, still exists at Balliekine. 

"VOOD.-There is much natural wood in Arran, mostly of birch, 
alder, hazel, rowan, and ,,-illO"lY, ,yith some scrubby oak: Belts of 
these trees are found along the sea coast from Dougrie to Loch
ranza on the west coast, and on the east coast bebyeen Sannox 
and Brodick. There is a good deal of natural wood also in the 
lower parts of some of the glens, especially in Lag a Bheidh and in 
Glen Clo,'. also in the Shiskine district near the ~Iachrie Water. 
and in tl;~ lowei' part of Glen Rosie. In Glen Dubh (Glen Cloy) 
the ,yood grows up to about 800 feet aboye the sea, and to nearly 
tIle same height in Caire Fhraoich (Glen Rosie), and on the higher 
ground ,,-est of Corrie. Along seyeral of the smaller streams trees 
flourish up to nearly 1000 feet, especially if the streams run in 
rayines, but the only locality where there is a small forest at this 
heig-ht is at Doire na Ceardaich, to the east of the summit of the 
COl~'ie and Lochrallza road. One' or t,,'o stunted specimens of the 
rmyall tree were obseryed on the north side of Glen Sannox at a 
height of about 1500 feet near Suidhe Fhearghas, 

There are many artificial fir plantations in Bute and a few in 
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Great Cumbrae. In Arran the largest are around Brodick Bay; 
and up the :M:erldand Burn and in Glen Shurig these trees flourish 
up to nearly 700 feet above the sea. There are plantations also 
at Whitefarland, Sannox, 80uth Corrygills, etc. Suidhe plantation 
in Bute rises to above 500 feet. Glen Iorsa in ,Arran is almost 
treeless, and the granite district generally is comparatively bare 
of wood. 

Water Supply. 

The rainfall in this ,Yest country is heavy, some 40 inches per year 
and upward; and the water supply from springs and streams is 
almost everywhere abundant. The water from the northern granite 
area is beautifully fresh and clear, and several of the springs which 
supply the streams are very powerful. One of these, three quarters 
of a mile from the shore at Corrie, rises near the edge of the granite 
and furnishes the greater part of the water of the Locherim Burn. 
Another strong spring is found near the head of North Sannox at 
the foot of Garb Choire, south-east of Creag Dubh. It rises at the 
edge of a moraine, and strong springs rise in a like position in the 
Corrie west of Cir Mh6r. One of the most remarkable of the 
springs is that which rises on the ridge south of Caisteal Abhail 
at a height of nearly 2400 feet. The hillside west of Caisteal 
Abhail is called from it Leac an Tobair, or the Slope of the Well. 
One famous well at Mid Thundergay on the west side of Arran, 
Tobar Challumchille, takes its name from St. Columba. Several 
shallow wells have been sunk for water in the gravel and sand of 
the raised beach at Tormore. Another at the most southerly 
house by the roadside is about 14 feet deep. The greater part of 
it is in rubble and clay (glacial drift), but the lower part is sunk 
two and a half feet in yellowish sandstone like that seen at the 
King's Cove. W. G. 
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PART I.-PALJEONTOLOGICAL. 

The following li"ts of fossils are based entirely on collections made 
by the Geological Survey, chiefly by Messrs. Macconochie and Tait. 

The Oarboniferous fossils have been named by Mr. B. N. Peach 
and Dr. O. B. Orampton, with assistance from the following specialists, 
viz. :-Dr. Traquair, who has determined the Fishes; MI'. Kidston, the 
Plants; and Dr. Wheelton Hind, the Lamellibranchs. 

The Secondary Fossils found in the masses of strata preserved in 
the great volcanic vent have been determined by Mr. E. T. Newton, 
who has supplied special notes and li"ts. 

The lists of Oarboniferous fossils have been drawn up by Dr. 
Orampton and Mr. Tait, under my supervision. 

BEN. N. PEAOH. 

A. LIST OF LOOALITIES FROM WHICH FOSSILS HAVE 
BEEN OBTAINED BY THE GEOLOGIOAL SURVEY 
IN NORTH ARRAN (SHEET 21). 

Cretaceous. 
((t) Ballymichael Glen, l~m. E.N.E. of Ballymichael. Blocks in 

Volcanic Agglomerate. 
(b) Dove Oave on Ard Bheinn, l~m. N.E. of Ballymichael. Masses in 

Volcanic Vent. 

Liassic. 
(c) Ballymichael Glen, on north slope above stream, about 100 yards 

above locality (a); L~m. E.N.E. of BallYlllichael. Masses in 
Volcanic Vent. 

Rhmtic. 
(d) Stream gully, im. N.E. of Derenenach. Mass in Volcanic Vent. 

Triassic. 
I. Oock Shore, derived Oarboniferous bloch Il1 Red Oonglomerate, 

100 ydB. east of the Oock of Arran. 

Carboniferous and Old Red Sandstone. 
2. AlIt Mol', between North Newton and Oock of Al'mn. 
3. Hill slope, 500 yds. west of Oock Farm, Lochranza. 
4. Oock Shore, north of Oock Farm, 20 yds. south-east of junction 

with Triassic Rocks, and 620 yds. south-east of Oock of 
Arran. 
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5. Oock Shore, north of Oock Farm, 72 yds. south-east of junction 
with Triassic Rocks. 

6. Cock Shore, north of Cock Farm, 100 yds. sonth-east of junction 
with Triascsic Rocks. (Highest marine band observed.) 

7. Cock Shore, north of Oock Farm, 220 yd". south-east of junction 
with Triassic Rocks (" Coral Limestone "). 

8. Cock Shore, 350 yds. south-east of junction with Triassic Rocks. 
9. Cock Shore, 365 y(ls. south-east of junction with Triassic Rocks. 

(Band oyerlying " Cephalopod Limestone.") 
10. Oock Shore, 375 yds. south-east of junction with Triassic Rocks. 

(" Cephalopod Limestone. ") 
11. Cock Shore, 460 yds. ~onth-ea~t of junction with Triassic Rock". 

(P~'Od1tctltS latissinms limestone.) 
12. Cock Shore, ironstone baud, 450 yds. north-we,;t of Saltpans. (In 

the small bay hel'e, are tessellated ferruginous beds.) 
l:Zct.Cock Shore, as above, band,; overlying. 
13. Cock Shore, opposite Cock Farm, 225 yds. north-west of Salt Pans. 

(Dark-coloured limestone associated with h~matite beds.) 
l-!. Oock Shore, 140 yds. north-west of old Salt Pans. 
15. Salt Pans, sambtone at. 
16. Lagg,m Shore, 170 yds. west of Hurlet Limestone (? Hosie Lime

stone ). 
17. Laggan ShOl'e. This band ovel'lies the Hurlet Limestone and i" 

G' >separated from it by 30 ft. of coat'se sandstone, black alum 
"hale and 1 t ft. impure limestone. 

18. Laggan Shore. Hurlet Limestone, 220 yds. north-west of Laggan 
Shephenl's cottage. 

19. Laggan Shore, a few yards north of Laggan Cottage. 
20. Laggan Shore, 100 yds. south-east of Laggan Cottage. 
21. Laggan Shore, 750 yds. south-east of Laggan Cottage (" Wunsch's 

beds "). 
22. Laggantuin Bay, COl'loch,300 yds. north-west of "Fallen Rocks." 

(J. Thompson's fish band.) 
23. South Glen Sannox Burn, at footbridge, about ~ mile from mouth. 

(Lower Old Red Sandstone.) 
24. Sannox Sh01'e, about ~ mile south of Farchan Mol'. (Upper Old 

Red Sanr1stone.) 
25. Conie Limepits, Corrie. (Band above HU1'let Limestone.) 
26, Oonie Shore, uetween Post Office and Ferry, 1st limestone south 

of the sandstone at FelTY. (Productus latissimus limestone.) 
27. Corrie Shore, a few yds. "outh of P. latissinws limestone. (Fel'l'u

ginon,~ band with many snmll gasteropods.) 
28. Corrie Sh01'e, between Post Office and Ferry, five or six yds. south 

of preceding locality. 
29. Conie :::;hore, opposite Post Office, dal'k shale below the massive 

sand~tone opposite the Post Office garden. 
:30. Oonie Shore, opposite Cl'omla House, near low-water mark, 20 yd;;. 

west of massive grey sandstone which underlies the Triassic 
Sandstone. 

in. Corrie Shore, near high-water mark, and 25 yds. south of northern 
boundary of Cromla garden. 

32. Locherim Burn, lower part, 200 yds. from sea, and 15 ycls. up stream 
from junction with Triassic Sandstone. 

33. Locherim Burn, at waterfall, 330 yds. from sea. (Professor Ivison 
Macadam's locality.) 



34. 

35. 

36. 

37. 

38. 

39. 
40. 

4l. 
42. 

43. 

44. 
45. 

46. 

47. 

48. 

49. 
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lVIaol Donn, old quarries at An Sgriob, :! mile north of ~Iaol Donn 
cliff, (Shnle below Hurlet Limetitone.) 

Maol Donn, higher on the slope and nearer the cliff than loco 3±. 
(In red sandy shale above the limestone.) 

Merkland Burn, ~ mile north of Bl'odick Oastle. No. I loc., lowest 
limestone seen in stream. 

Merklnnd Burn, ! mile north of Bl'odick Castle. No.2 loc., a few 
yards down stl'eam from No. l. 

Mel'kland Burn, ~ mile nOl'th of Brodick Oastle. No.3 loc., n few 
yards down stream frOlIl No.2. 

Brodick Oastle Policies, streamlet t mile north of Brodick Castle. 
Brodick Oastle, stl'eamlet 300 yds. S.\V. of, a few yal'ds above 

bridge. 
Brodick O>lstle Sawmill, in mill lade, 
Glen Rosie Burn, a few yards above the bl'idge near Brodick 

Manse (" Musselbnnrl Ironstone "). 
Glen Rosie, about 1 mile we::;t of Glen Rosie Oottages, at streamlet 

descending hill slope on the south side of the Glen, not fm' 
fl'om junction with schist. (Lower Old Red Snndf>tone.) 

Bl'Odick Ohurch, limestone north-east of. 
Glen ShUl'ig, hill slope :! mile south-east of String rondo Old 

quarries about t mile west of wood. 
Benlister Burn, in bed of main strenm below wntelfall, 2;]; mile,; 

west of Lamlash Bay and ~ mile SXE. of BI'isclel'g. 
Benlister Glen, shale below Hurlet Limestone, 21 miles west of 

Lamlnsh Bay, and nearly t mile S.S.\V. of Brisderg. 
Benlister Glen, streamlet entering from S. and 620 yLls. south-ea::;t 

of preceding locality. Hurlet Limestone. 
Glen Shurig, main stl'eam, about 1 i miles from mouth an(1 200 

yards above junction with AUt Mol'. (Lower Old Red Sand
stone.) 

L LIST B. 
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B. GENERAL LIST OF THE FOSSILS OBTAINED BY THE 
GEOLOGICAL SURVEY FROM THE CARBONIFEROUS 
ROCKS OF NORTH ARRAN (SHEET 21). 

fil 
Lowel:. Poi 

5 --
<l> Carbon. ~ 
0 Limestone "'" 00 Series. ui 

'"0 2:! ~ 
Species. <Il ui ::: Locality Numbers. 

" '" w.:=: ui ui ui <Il 
Q) 

00 '" Q) ~ Q) 

~ ::: Q) '" ~ iJ § £00 '" 0 
0 

~"" 0 Poi"" ~ ~ 0'" Poi'" 
I] ...:lS Q) PS 0 

bIl 0 '"0 
1<Il ~ r;:i1 ~ 
1
0 

~ 

}<'ILICALES AND CYCADOFILICES. I Cardiopteris, Schimper 
I 16 " nana, Eichw. ... . .. 
I 

x 
Mariopteris, Zeiller 

muricata, Schloth. ... I x 4,32. " I N europteris, Brongniart I 

" gigantea, Sternb. ... 
I 

i x 4,31,35. 
" heterophylla, Brongniart I x 32. I 

Rhacopteris, Schimper i I 21. " sp. ... . .. . .. x 
Sphenopteridium, Schimper I 

" dissect urn, G&pp. x 33. 
Sphenopteris, Brongniart 

" crassa, L. and H. ... x 19?,20. 

" (Rhodea) moravica, Ett. x 21. 

" " patentissima, 
21. Ett. ... x 

" sp. . .. ... . .. x x 20, 21, 22, 33. 
Stems of Ferns indt. ... ... .. x x 4,2-2. 

EQUISETALES. 
Calamarire. 
Asterocalamites, Schimper 

I 
" 

scrobiculatus, Schl. x 33. 
Calamites, (Suckow.) Schlotheim 

Group 1., Calamitina, Weis8. 
4. " "arians, Sternb. .. . . . . I x 

G roup II. ,Eucalamites, wei~"1 

" 
ramosus, Artis = nodosus, 

L. andH. ... . .. x 4,35. 
Gro~~ III., Stylocalamites, 

JJ eM8. 

" Suckowi, Brongniart ... x 46. 

" sp. ? indt. x 4, 5, 32, 35, 46. 

SPHENOPHYLLALES. 
SphenophyllullJ, Brongniart 

" myriophyllum, Crepin x 4. 

" sp. ... ... ... x 4. 

LYCOPODIALES. 
Lepidodendron, Sternberg 

x ? 15?, 33, 34. 
" 

veltheimianum, Sternb. x x 
" sp. ... ... . .. x x x x 17, 18, 21, 30, 33. 

Lepidophloios, Sternberg 
21. " _ wiinschianus, Carr . . " x 

" sp. ... . .. ... x 21. 
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LYCOPODIALEs-continued. 
L epidostrobus, Brongniart 

" sp. ... ... . .. 
Sigillaria, Brongniart 

" Taylori, Carr. ... ... 
Stigmaria, Brongniart 

" 
sp. ... ... '" ... 
GY~INOSPERM}E. 

A rtisia, Presl. 
" approximata, Brong?liart ... 

C arpolithes, Brongniart 
" sulcata, Lindl. ... ... 

C ordaites, Unger 

" 
principalis, Germ.ar ... 

" 
sp. ... ... .. . ... 

PORIFERA. 
S ponge spicules in chert nodules ... 

ACTI~OZOA. 
Alveolites, Lam.arck 

" depressa? Fleln. ... 
Lithostrotion, Lhwyd. 

" Portlocki, M. Edll'. ... 
Syringopora, Goldfuss 

" ramulosa, Gold! 
" sp. ... . .. 

Zaphrentis, Rafine.yque 
" sp. ... .., 

Incertre sedis. 
Monticulipora, d'(}rbigny 

" tumida, Phil!. 
" sp....... 

ECHINODERMATA. 
Archreocidaris, M'Coy 

" Urei, Plem. 
" sp.. .. 

Asteroid, part of? 
Crinoid ossicles 

Echinoid plates and part of lantern ... 

ANNELIDA. 
Spirorbis, Lamarck 

" sp.... 
\Vorm tubes? ... 

ARTHROPODA. 
Ostracoda. 

Beyrichia, M'Coy 
sp ... 

Appendi'C. 
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Locality Numbers. 

5,33. 

33. 

16, 19, 21, 33, 35. 

35. 

33. 

4,5. 
22. 

48. 

:3. 

37. 

34. 
18. 

11, 16?, 18. 

11, 47, 48. 
25. 

11,14, 16, 17, 18,34,47. 
48. 
25. 
2,3,6, 11, 17, 25, 26, 

34, 36, 47. 
16, 47. 

34. 
18. 

25. 
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Specie~. 

ARTHROPODA-continued. 
Trilobita. 

Brachymetopus, lJf'Coy 
" ourillicus, de Ver?! .. 

Phillipsia, Portlock. 
Eichwaldi, Fische1" var. 
mncrollatil, .Jf'Coy 
sp. 

POLYZOA. 
Fenestella, Lonsdale 

plebeia, .Jf'Coy 
" sp. 

GlauQonome, Goldfil88 
" sp. 

Polypora, lJl'Coy 
" sp. 

Retepora, Lamarck 
" undata, .JI'Coy 

Rhabdomeson, Y01mg 
rhombifernm, Phill. 
sp. 

BRACHIOPODA. 
Athyris, .J1'Coy 

ambigua, f:iOIV. 

lamellosa, Lr"'eille 
Roysi, Leveille 

" sp. 
Camarophoria, King 

crnmella, 1Vartin 
, ep. 

Chonet~s, Fischer 
buchiana, de Kon.". 

" laguessiana, de KOl1. 

Discinil, Lamarck 
" nitida, Phill .. " 

Lingula, Brugnicre 
mvtiloides, Sow. 

" sq~lamiformis, Phill. 
Orthis, Dalman 

resupinata, .JI arlin ". 
" sp. 

Productus, Sowerby 

" 
aculeatus, ltIartin 
costatns, Sow. 
fimbriatus, Sow . ... 
giganteus, .Jfartin 

latissimus, Sow . ... 

longispinns, SOli'. 

--,-_Lo_,ve_r._l

l 
! \ 

S Carbon. s: Limestone 
~ Series. 

<=: 
~ ri:: 

CQ .~ 
7.2 ~ 

" " 
1
2 en 

2 
:.8 
8 

x 
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x 
x 

x 

x 

x 
x 

x 
x 

x 

x 
x 

x 

x 

x 

x x 
x x 

x 
x 

x 

x 
x x 

x 
I 

X I 
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x 
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x 
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x 
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Locality Numbers. 

3. 

11,25. 
47 ? 

25,47. 
11, 25, 26, 34. 

25. 

18. 

14. 

28,34. 
17. 

11, 16, 26, 36, 47. 
18 ? 
36 ? 
10, 18, 25, 47. 

26. 
13 ? 

16 ? 
11,16,18,25,26,34,47. 

16, 17. 

6, 14, 16, 17, 18, 36. 
14, 16, 17,27,29,41. 

2, 10, 11, 18, 33. 
48. 

18. 
Il,36. 
6 ?, 25, 34, 47. 
9?, 10, 12, 13, 17, 18, 

25,34,44,46,47,48. 
3, 11, 14, 25, 26, 28, 

37, 40, 47. 
11, 16, 34, 36, 47. 
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Species. 

BRACHIOPODA-COl/ti,med. 
Productus mesolobus, Ph ill. 

muricatus (1), Phil!. 
proboscideus, de J 'erll. 

punctatus, l.fart. 
pustulusus, Phil!. 

" 
scabriculus, ltfm't. 
semireticulatus, l.fco·t. 
youngianus, Dm'. 
sp .... 

Retzia, King 
radialis, Phil!. 

" sp. 
Rhvl1chonella, Fischer 
'" acuminata, ltfart. 

" pleurodon, Phil!. 
" pugl1US, ltfa,'t. 
" sp. 

Spirifcra, SoU'erby 
duplicicosta (?), Phil!. 
glahra, ill art. 
grandicostata (?), ilf'Coy 
lil1eata, Martin 
trigonalis, Mart. 

" var. bisulcata, SOUl, 
triradialis, Phill. ... 

" sp. 
Spiriferil1a, d' 01'bigny 

cristata, BeMoth. . .. 

" laminosa ('?), M'Coy ... 
" val'. octoplicata, Sou'. 1 

" sp .... 
Streptorhynchus, King 

(Orthotetes), creni
stria, Phil!. 

Terebratula, Lhwyd. 
(Dielasma), hastata, Sow. 
sp. 

LAMELLIBRANOIIIATA. 
Actinopteria, Hall 

" (Pteronites), sulcata, 
M'Coy 

Allorisrna, King 
sulcata, Flem. 

" sp. , .. 
Anthracomya, Sulle,' 

lllodiolaris, SOI/o. 

_-..,._L_O\_'I'_e_r_. __ Ill 
" Carbon. I .s Limestone 
'f.: Series. ~ 
I~ __ ~ __ ~___ ~ 
~ ~ ~ 

:zl.S2 ;:, II -= I ., ,," :n ~ :;:r:; u-' ~ 

j J5 ~ ~ 1 ~ II ~j ~ 
'S ,...::: E .-2D ,:J E ,:.,) 
~ :.,;;.; I . ., 
o """ I'~ 

x 

x 

x 
x 
x 
x 
x 
x 
x 

x 
x 

x 
x 
x 
x 
x 
x 

x 

x 
x 
x 
x 

x x 

x 

x 

x 

x 
x 

x 

x 

x 

x 
x 
x 
x 

x 

x 

x 

Locality Numbers. 

26. 
61, 91. 
il4, 
23,47. 
34, 
25,34. 
II, 18, 2G, 34, 36, 47. 
Ill, 3-1. 
2,3,6,9, 10, 11, 16, 17, 

18,25,il3,36,40,47. 

16. 
25,47. 

34. 
12, 17, 25, 26, 34. 
34. 
17,47. 

34. 
6,16, :36?, 47. 
34. 
10,18.25. 
6, 16,17,18, 2G, 34, 47. 
10, 16, 17, 25?, 48. 
11. 
17,25,47. 

17, Ill, 25, 34, 47? 
ll, 18, 23, 47. 
34. 
17. 

{
3, 6, 9, 10, 11, 13, 14, 

16, 18, 25,26,33, 36, 
47. 

34,47. 
9. 

16. 

3, 16, 18, 21, 26, 28,29, 
33,34, 36. 

12a. 

x ;~8: 
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Species. 

LA:I1ELLIBRA:-<CHIATA-continued. 
Aviculopecten, M'Coy .,. . .. 

" ccelatus, Af'Coy .. 
" dissimilis, Phil!. . .. 
" fallax, llf'Coy .. . 
" Hardingi, M'Coy .. . 
" knockonniensis, 

AI'Coy ... . .. 
semicircularis, M'Coy 
textilis, de Kon. . .. 
sp. .. .. 

" with colour bands ... 
Carbonicola, M'Coy 

" (Anthracosia), a2uta, Sow. 

" 

val'. rhom· 
boidalis, Hind. 
aquilina, SO/l'. 

" sp. . .. 
Cardiomorpha, de Koninck 

" pan'a, I-Iind .... 
Ctenodonta, Salter 

" pentonensis, Hind. 
Cypricardella, Hall 

" rectangularis, M'Coy 
Edmondia. de Koninck 

" . Josepha, de Kon .... 
" pentonensis, Hind. 
" rudis, l1f'COY ... 
" scalaris, ~lI'Coy .,. 
" sulcata, Phil!. . .. 
" unioniformis, Phi11. 
" sp.... . .. 

Elltolium, ~~Ieek 
" (Pecten) Sowerbyi, JI'Coy 

Leioi;teria, Hdll 
young of ... 

" (Avi.cula), lunulata,Phill. 
" "recta, Af'Coy ... 
" "squamosa,Phil!. 

sp. ... 
LithddOffiUS, Cl~;ier 

lingualis, Ph ill. 
l\lyali~a, de Koninck 

" Flemingi, M'Coy 
" peralata, de Kon. .. . 
" Verneuili, M'Coy .. . 
" sp. ... ... .. . 

Naiadites, Dawson 
" (Myalina) crassa, Flem . ... 

modiolaris, Sow . . ,. 
quadrat a, Son'. 

x 

Lower. 

Carbon. 
Limestone I 

Series. 

x 

x 
x 

x 
x 
); 

x 

x 

x 

x 
x 
x 
x 
x 
x 
x 

x 

x 
x 
x 
x 

x 

x 
x 
x 
x 

x 

x 

x 

x 
X I 

x 
x 

i 

x 

x 

x 

x 

x 
x 

x 

x 

x 
x 

x 

x 
x 

X \ 

x 
x 
x 

Locality Numbers. 

48. 
40. 
17?, 25, 34. 
17 ? 

12, 12a, 16?, 18, 25. 
25. 
17. 
1, 12, 16,25, 27,29,34, 

40. 
17, 18. 

30, 32, 38, 39, 42?, 46. 

38. 
30,32. 
7,8,42. 

34. 

16. 

34. 

16,17,18,26,36,40,46? 
17, 18, 21. 
12a, 16, 17, 26, 28. 
16?, 34. 
17, 18,34. 
33,34. 
S, 12, 16, 25, 34. 

12, 16, 17, 18, 34, 36. 
12a. 

25,34. 
34. 
25,34. 
25, :l8. 

16,25,36. 

17,25,34. 
25. 
3, 12, 17, 32?, 33, 
12, 25, 28?, 33, 34. 

46 ? 
30. 
38. 
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Lower. I! 
'" 1 

Carbon. 

I '" Limestone 0 
"'" Series. 00 00 i "" '" :Species. ~ 00 I 

... 
Locality Numbers. ::; 

.1 " '" 00'" 00 00 '" .~ 00 

'" g~l~ ~ ';i '" ~ ... '" 0 
'" 0 ... • 0 0 ';i Q) I~,p A..+, 

:s ,~~ '" A.. 00 0 
bO ~S 0 

';i 1 .§ '1j 

o I H P'1 ~ 
~ I 

LAMELLIBRANCHIATA-continued. I i i 
I 

Naiadites (periostracnm of) I x I 3S. ... .., 

" 
sp. .. , ... ... ... x 

! 
32, 46? 

N ncula, Lamarck 
gibbosa, Flem. i x x x 

I 

9, 12, 12a, 26, 33, 34. " 
... 

" 
luciniformis, Phill . ... .. x 26,28. 

" 
scotica, Hind. ... .. x 2S. 

" 
sp. . " .. ... ... x i 11,36. 

Nuculana, Link. I 
I " 

acnta, Sow. .. .. x 12. 

" 
attenuata, Flem. ... x x x 8, 9, 12, 12a, IS, 26, 2S, 

29,33,40. 
" brevirostris, Phil!. ... x 16, IS. 

Parallelodon, JJ[ orris and Lycett I 
" Geinitzi, de Kon. ... x 40. 

Pecten, Linnmus . 
" 

(Streblopteria) lrovigata ? 
M'Goy ... ... x 12a .. 

Pinna, Linnl1'us 

" 
flabelliformis, lIf artin ... x x 16, 17, 2S, 34. 

" 
mutica, M'Goy ... ... x 34. 

" young form ... 
Protoschizodus, de Koninck 

... ... x ]S. 

" axiniformis, Portl .... x x x 12, 17, 2S, 33, 34, 40 ? 

" 
obliquus, M'Goy x x 25, 33, 34. 

" sp. ... ... x x 26,34. 
Sanguinolites, JJf'Goy 

" 
clavatus, Eth. Jr. ... x I 8 ? 

" 
striatus, Hind. .. , x 

I 
26. 

" 
tricostatus, Pora. x x 12, 16, 17, 34. 

" " (very short form) x ! 17. 
" variabilis, JJ[' Goy x x 16,17,26,34. 

Sedgwickia, M' Goy 
" giganteB-, M'Goy ... x x 17, 21. 

Solenomya, Lamarck 
" primreva, P hill . ... 

Solenopsis, M'Goy 
... x 29. 

" 
nlinor, M'Goy ... ... x 8. 

GASTEROPODA. 
Aclisina, de Koninck 

. " elongata, Flem. ... ." x 27,28. 

" 
(Murchisonia) striatula, 

I de Kon. : .. " ... ... x 27. 
Acroculia, Phillips 

" (Capulns) trilobus, Phill ... 
Bellerophon, ,Mont/ort 

x 17. 

" decussatus, Flem. ... x x 25, 26, 2S, 29, 34, 40. 

" striatus, Flem. ... x 25. 

" hiulcus, Martin ... ? x 12, 16? 

" Urei, Flem. .. , .. , x x x 6, 12, 12a, 13, 16, 25 
26 34 40. 

L 
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Species. 

G ASTEROPODA -continued. 

ellerophon sp. B 
D entalium, Linuc€us. 

... . .. ... 

" 
(Entalis) ingens., de Kon. 

" 
inornatum, M'Goy 

E uomphalus, Sowerby 

" 
carbonarius, Sow. ... 

" 
catillus, Sow. ... .. 

" 
nodosus, Sow. ... ... 

" 
pentangulatus, Sow. 

" 
sp. ... ... ... 

L oxonema, Phillips 

" 
constrictum, Sow. ... 

" 
Lefebvrei, Lev. ... 

" 
rugiferum, Phil!. ... 

" 
scalaroideum, Phill. ... 

,. sp .... ... ... .. . 
lacrocheilus, Phillips 

" 
(Macrochilina) acutus, 

Sow. ... ... 

" 
(.Macrochilina) canali· 

culatus, M'Goy ... 

" (Macrochilina) imbri-
catus, Sow. ... 

" 
sp. ... ... .. . 

Ietoptoma, Phillips 
" elliptica, Phill . .. , 

ficrodoma, },feek and Worthen 
.. , 

" 
(Trochus) biserrata, Phill. 

" " 
serrilimba, Phill. 

M urchisonia, d'Arch. and de Vern. 

" 
angulata, Phill. ... 

" 
cillcta ?, Donald ... 

" 
(Hypergonia) quadri-

N 

N 

carinata, ~1I'Goy 
arica, Recluz 

" variata, Phill. .. , 
aticopsis, M'Coy 

" 
canaliculata, M'Coy 

" 
plicistria, Phill . ... 

" sp. ... ... 
P leurotomaria, Defrance 

... 

... 

... 

" 
(Ptychomp ha Ius) 

atomaria, Phil!. ... 

" 
monilifera, Phil!. ... 

" 
tumida, Phill. ... 

" 
sp. ... ... ... 

P 
" (Baylea) Yvani, Lev. 

orcellia, Leveille 

" 
Puzosi, Lev. ... ... 

I 

... 
'" Lower. p., 
p., 
p 

C) Carbon. >:: 
0 Limestone ., 

Series. 00 
~ C) 

>:: '"' p 
til en 

" Ul 
:n .~ en en en til 

C) en ... C) ~ C) :;;:: p C) .... >:: .... >:: OW 
" 0 

0 C) 0 .... ~., Q p.,., ';J 
~ o en '" 

p.,Ul 0 

" ...:IS O/J Ps 0 
~ "0 

~ ;:..; ~ :,) 
~ 

x x 

x x 
x 

x x 
x 
x 
x 
x x 

x x 
x 
x 
x 

x 

x x 

x 

x 
x 

x 

x 
x 

x x 
x 

x 

x 

x 
x 
x x 

x 
x 
x 
x x 
x 

x 

Locality Numbers. 

33,34,46? 

26,27,34. 
3. 

16,26,34. 
16. 
34. 
25. 
17,34,40. 

26,34. 
26. 
40. 
40. 
26. 

3, 16, 26, '27, 28. 

33. 

26,27,28. 
25, 48? 

27,28. 

34. 
40. 

26, 27, 28, 34. 
28. 

27. 

34. 

16. 
17,25. 
25,40. 

26. 
25. 
26. 
25,40. 
25. 

25. 



Spedes. 

PTEROPODA? 
Conularia, Miller 

" quadrisulcata, Sow. 

CgPHALOPODA. 

Actinoceras, Brown 
" sp. 

Cyrtoceras, Goldfus8 
" sp. 

Nautilus, Breyniu8 
" (Acanthonantilns) bispin. 

osns, A. H. Foord ... 
(Planetoceras) globatus, 

Sow. ... ... ... " 
(Ccelonautilus) su bsnlcatus, 

Phill. ... ... ... 
(Stroboceras) (Dixcites) 

sulcatus, Sow. . .. 
(Pleuronautilns) nodiferus, 

Arm8trong ... . .. 
" sp.... ... ... ... 

Orthoceras, Breyniu8 
" annulare, Flem. 
" inrequiseptum, Phil!. . .. 
" sp. ...... 

Trigonoceras, M'Ooy 
" meyerianum, de Kon. 

PISCES. 

Selachii. 
Cladodus, Agassiz 

" striatus, Ag. 
Cochliodont tooth s. n. 
Pcecilodus, Agassiz 

" Jonesi, M'Ooy ... 
Polyrhizodus, M'Ooy 

" magnus, M'Ooy 
Xystrodus, Agassiz 

" striatus, M'Ooy 

Teleostomi· Orossopterygii. 
Megalichthys, Agassiz 

" Hibberti, Ag. 
" sp. .,. 

Rhizodopsis, H1txley 
" sauroides, Will. 
" sp. ... ... 

Rhizodus, Owen 
" Hibberti (Ag. and Hib.) ... 

ornatus Trag. . . . . .. 

Appendix. 

x 
I x 

Lower. 

Carbon. 
Limestone 

Series. 

x 

x 

x 

x 

x 
x 
x 

x 

x 

x 

x 

x 

x 

x 

x x 

x 

x 

x 
)( 
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Locality Numbers. 

17. 

25. 

25. 

10 

26. 

16,25. 

17 

10. 
17,25. 

I:?, 34. 
34. 
9, 12A, 16, 

36.40. 

25. 

I2A. 
25. 

25,48. 

25. 

25. 

38. 
16,25,48. 

3t!. 
39. 

22. 
22. 

17, 25, 34, 
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Species. 

PrSCES-Col1til!Ued. 
Strepsodus, Huxley and Young 

" Portlocki (ex Ag. JIS.) 
" striatulus, Trag. x 

Actinopterygii. 
Acrolepis, Agassiz 

" sp .. ,' 
Elonicbthys, Giebel 

" Robisoni (Hib.) 
" sp. 

Rhadinicbthys, TmquuiT 
" ornatissimus (Ag.) .. 

Palreoniscid scales x 
" clavicle 

Fish remains, indt. x 

I 
I 

... 
Lower. ~ 

~ 

x 
x 

x , 

x i 
x 

x 
x x 
x 

Locality Numbers. 

I I 18. 

i
l :. 27. W 

25. 
17. 

25. 
16, 22, 29· 
34. 

x ____________ ~22, 36. __________ _ 

C. SPECIAL LISTS OF THE FOSSILS FOUND IN EACH 
SUBDIVISION OF THE CARBONIFEROUS SYSTE\'L 

Calciferous Sandstone Series. 
Cordaites sp. 
Fern rachis. 
Lepidodendron sp. 
Lepidophloios wiinschianns. 

" sp. 
Rachopteris sp. 
Sphenopteris crassa. 

(Rhodea) moravica. 
( ) patentissima. 
sp. 

Stigmaria sp. 
Allorisma sulcata. 
Edmondia pentonensis. 
Sedgwickia gigantea. 
Palreoniscid scales. 
Rhizodus Hibberti. 

" ornatus. 
Strepsodus striatulus. 
Fish bones, teeth, scales, indt. 

Hurlet Limestone. 
Lepidodcndron veltheimiannm. 

" sp. 
Chert nodules with sponge spicules. 
:Monticulipora tumida. 

" sp. 
Syringopora ramnlosa. 

" sp. 
Zaphrentis sp. 
Crinoid stems. 
Asteroid, part of. 
Archreocidaris U rei. 
Echinus plates. 
Spirorbis sp. 

Worm tubes. 
Beyrichia sp. 
Phillipsia Eichwaldi. 

" 
var. mncronata. 

" sp. 
Fenestella plebeia. 

" sp. 
Glauconome sp. 
Polypora sp. 
Rhabdomeson rhombiferum. 

" sp. 
Athyris ambigua. 

lamellosa. 
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H URLET LDIESToNE-contin ned. 

Athyris sp. 
Chonetes laguessiana. 
Lingula mytiloides. 
Orthis resupinata. 

" sp. 
Productus acnleatus. 

fim briatus. 
giganteus (abundant). 
latissimns. 
longispinus. 
proboscideus. 
punctatus. 
pustulosus. 
scabriculus. 
semireticulatus. 
youngianus. 

" sp. 
Retzia sp. 
Rhynchonella acuminata. 

pleurodon. 
pugnus. 

" sp. 
Spirifera duplicicosta. 

" glabra. 

" 

grandicostata. 
laminosa. 
lineata. 
trigonalis. 

val'. bisulcata. 
" sp. 

Spirifel'ina cristata. 
val'. octoplicata. 

" sp. 
Streptorhynchus crellistria. 
Terebratula hastata. 
Allorisma sulcata. 
Aviculopecten cCBlatus. 

t'allax. 
knockollniellsis. 
semicircularis. 
sp. 

" (very tumid species). 
" (with colour bands). 

Cardiomorpha parva. 
Cypricardella rectangularis. 
Edmondia Josepha. 

pentonensis. 
scalaris. 
sulcata. 

" unioniformis ? 
" sp. 

Entoliulll (Pecten) tlowerbyi. 
Leiopteria (A vicula) lunulata. 

recta. 

" 
" 

squamosa. 
sp. 

I Lithodomns lingualis. 
Myalina Flemingi. 

peralata. 
" sp. 

N ncula gibbosa. 
N uculana attenuata. 

" bl'evirostris. 
Pinna flabelliformis. 

mntica. 
" sp. 

Protoschizodus axiniformis. 
" obliquus. 
" sp. 

Pteronites latus. 
Sanguinolites tricostatus. 

" \'ariablis. 
Bellerophon decnssatus. 

UreC 
var. striatus. 

" sp. 
Dentalium ingens. 
Ellomphalus carbonal'ius. 

nodosus. 
pentangulatu 

" sp. 
Loxollema constrictum. 

" sp. 
Macrocheilus sp. 
Microdoma biserrata. 
MUl'chisonia anglllata. 
N arica variata. 
N aticopsis plicistria. 

" sp. 
Pleurotomaria mOllilifem. 

tumida. 
Yvalli. 

" sp. 
Porcellia Puzosi. 
Actinoceras sp. 
Cyrtoceras sp. 
Nautilus (Discites) sub sulcatus. 

" sp. 
Ol'thoceras annulare. 

imcquiseptum. 
" sp. 

Trigonoceras meyeranium. 
Elonichthys Robisoni. 

" sp. 
Megalichthys tooth. 
PCBcilodllS J onesi. 
Polyrhizoclus magnus. 
Rhaclinichthys orna tissimus. 
Strepsoclus Portlocki. 
Xystroclus striatus. 
Cochliodont tooth? 

Rosies Limestone. 
Cardiopteris nana. 
Sphenopteris? 
Stigmaria sp. 
Archreocidaris U rei. 
Echinoid lantel'l1 tooth. 
Athyris ambigna. 
Chonetes bnchiana ? 

Chonetes laguessiana. 
Discina nitida. 
Lingula mytiloides. 

" sqnamifol'mis. 
Pl'oductus longispinus. 

" sp. 
Retzia radialis. 
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HOSIES LIMESTONE-continued. 

Spirifera glabra. 
trigonalis. 

" "var. bisulca ta. 
Streptorhynchus crenistria. 
Allorisma sulcata. 
Aviculopecten knockonniensis. 
Ctenodonta pentonensis. 
Edmondia Josepha. 

rudis. 
scalaris? 

" sp. 
];~ntolium (Pecten) Sower byi. 
Leiopteria (Pteronites) sulcata. 
Lithodomus lingualis. 
N uculana brevirostris. 

! Pecten sp. 
Pinna flabeliiformis. 
Sanguinolites tricostatus. 

" varia blis. 
Bellerophon hiulcus ? 

" Urei. 
Euomphalus carbonarius. 

" catillus. 
Macrocheilus acutus. 
Naticopsis canaliculata. 
Kautilus (Discites) subsulcatus. 

I Orthoceras smooth sp. 
" sp. 

:\Iegalichthys sp. 
Palreonisciu scales. 

Edge Coal Series. 
Lepidodendron veltheimianum. 
Archreocidaris U rei. 
Retepora umlata. 
Camarophoria crurnena. 
Lingula rnytiloides. 

" sq uamiformis. 
Productus giganteus. 

" latissimus? 
Rhynchonella pleurodon. 
Streptorhynchus crenistria. 
Allorisma sulcata. 
A viculopecten lmockonniensis. 
Edmondia rudis. 

sp. 

I Entoliurn (Pecten) Sowerbyi. 
J\lyalina Verneuili. 

I 
,. sp. 

Nucuia gibbosa. 
: Nuculana attenuata. 
! Pecten (Streblopteria) llevigata. 

" sp. 
Protoschizouus axiniformis. 
Sanguinoli tes tricostatus. 
Bellerophon hiulcus. 

" Urei. 
Orthoceras annulare. 

" sp. 
Cladodus striatus. 

Index Limestone. 
Monticulipora turnida. 
Zaphrentis sp. 
Crinoid ossicles. 
Archreocidaris Urei. 
Phillipsia Eichwaldi, var. rnucrollata. 
Fenestella sp. 
Athyris ambigua. 

" Roysi? 
Camarophoria crumena. 
Chonetes laguessiana. 
Lingula rnytiloides. 
Or this resupinata. 
Productns costatus. 

latissimus (abumltmt). 
longispinus. 
rnesolobus. 
semireticulatus. 

" sp. 
Rhynchonella pleurodon. 
Spirifera glabra. 

" trirauialis. 
Spiriferilla cristata, val'. octoplicata. 
Streptorhynchus crenistria. 
Allorisma sulcata. 

I Edrnondia J os'epha. 
" rudis. 

Entolium (Pecten) Sowerbyi. 
Lithodomus lingualis. 
Nucula gibbosa. 

luciniforrnis. 
" sp. 

Nuculana attenuata. 
Protoschizodus sp. 
Sanguinolites striatus. 

" variablis. 
Belieropholl decussatus. 

" Urei. 
Dentalium ingens. 
Euornphalus carbonarius. 
Loxonema constrictum. 

" Lefebvrei. 
Macrocheilus acutns. 

" imbricatns 
Murchisonia al1gnlata. 
Plenrotomaria atomaria. 
Nautilus globatns. 

. Orthoceras sp. 
Fish remains. 

Limestones and Shales above Index Limestone. 
Lithostrotion l'onloeki. 
Crinoid ossicles. 
Athyris sp. 
Lingula mytiloides. 

I Lingula squamiformis. 
Orthis resupinata. 

I Productns fi.rnbriatus? 
" glgallteus. 



Appendia:. 

LIMESTONES AND SHALES ABOVE INDEX LIMESTONE-continnecl . 

Productus latissimus. 
muricatus? 

" sp. 
Spirifera glabra. 

lineata. 
trigonalis. 

" "var. bisnlcata. 
Stl'eptorhynchus cl'enistrift. 
Terebratula sp. 
Allorisma sulcata. 
Carbonicola sp. 
Edmondia rudis. 

" sp. 
Myalina sp. 
Nucula gibbosa. 

luciniformis. 

. Protoschizodus axiniformis. 
Sanguinolites clavus. 
Solenomya prim::eva. 
Solenopsis minor. 
Aclisina elongata. 

" striatula. 
Bellerophon demIssa tus. 

" Urei. 
Del1talium il1gells. 
Macrocheilus acutus. 

" imbricatus. 
Metoptoma elliptica. 
Murchisonia angulata. 

cincta. 
" q uadricarina tao 

Nautilus nodiferus. 
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" scotica. 
Nuculana acuta. 

" (Acanthonautilus) bispinosus. 
Orthoceras sp. 
Acrolepis sp. 
Strepsodus striatulus. 
Pal::eoniscid scales. 

" attenuata. 
Pecten sp. 
Pinna flabelliformis. 

Artisia approximata. 
Calamites ramosus. 

Suckowi. 
varians. 

" sp. 
Cordiates principalis. 
Lepidodendron sp. 
Lepidostrobus sp. 
Mariopteris muricatn. 
N europteris gigantea. 

heterophylla. 
" sp. 

Sphenophyllum myriophyllum. 
" sp. 

Stigmaria sp. 

Coal Measures. 
Allthracomya tllodiolal'is ? 
Cal'bonicola acuta. 

" val'. rhomboidalis. 
aquilina. 

" sp. 
Edmondia Josepha? 
Myalina sp. (? Vel'lleuili). 
N aiadites cl'assa? 

" 
modiolaris. 
quadrata. 
(periostracum of). 

" sp. 
Megalichthys Hibberti. 
Rhizodopsis sam'oides. 

D. NOTES ON THE MESOZOIC FOSSILS FOUND IN THE 
ISLAND OF ARRAN, BY E. T. NEWTON, F.R.S. 

The history of the discovel'y, ullder peculial' circumst<Lllce~, of 
Mesozoic Fossils in Arran has already been fully described in the 
earlier part of this Memoir. 

It was in the beginning of the year 1900 that Rh[Btic fossils were first 
discovered near Shiskine by Messrs. ':):hcconochie and Gunn, and sub
mitter! to me for examination. Some remarks npon them will be 
found in the Director-General's "SUll1111al'Y of Progress" for 1899 
(published 1900), and a further accOllllt of them and of more recent 
discoveries of Mesozoic fossils in Arran appeared in the Quarterly 
Journal of the Geological Society. I 

i. Rhretic. 
The following is a list of th.e Rh[Btic fossils found at locality d, neal' 

Shiskine. The species marked with an asterisk (*) have also been found 

1 Quart. Journ. GeoJ. Soc., \'01. lvii. (1901), p. 229. 
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in the AvicI6lc~ contorta beds of the North-east of Ireland,l and it is 
evident that this series of fossils m list represent the A vicul a contorta zone. 

* Avicula contorta, Podlock 
*Pectell yaioniensis, Defrance 
*Schizodus cioacinlls, Quenstedt (- Isodonta Ewaldi, Bornemann). 
>-Protocardium philippianum? Dunker ( = G. rhreticum, Meriall). 
~k~Iodiola minima? Sowaby (= C. minuta, Goldf.). 

Estheria minuta? Goldf. 
Gyrolepis Alberti? Agassiz 

ii. Lower Lias. 
Another and larger sel·ies of fossils was obtained somewh,tt later from 

Ballymichael Glen, and forw<Ll'ded to me. These were in a murh 
decomposed rock, <Lnd the fossils were only represented by internal and 
external casts; but by means of wax impressions a considet<Lble 
series of deteL'minable species was reproduced, the Liassic <Lge of which 
is clearly llemonstrable. A careful eX<Llllination led to the conclusion 
that the fossils correspond most nearly with those of the Ammonites 
(mgulat~6s beds of the North-east of Ireland (see Tate, referred to 
above), as will be clearly seen from a study of the following list of species. 

List of Liassic Fossils from Ballymichael Glen (Locality c). Those 
marked with an asterisk have been foun(l also in the North-east of 
Ireland. 

CEPHALOPOD.~. 

* Ammonites (Aegoceras) angulatlls, Schlotheim 
G ASTEROPOD.\. 

Amberleya acumillata, Chapin8 and Detcalque 
"Cerithiulll semele? 11Iartin 

" sp. (tj. C. Falsmli, Dumortier). 
-"Pleurotonmria tectaria, Tate 

Area sp. 
Astarte sp. 

LAMELLIllRA;\ CIIIATA. 

Avicuia lanceolata, Soweruy 
-;<-Cardinia Listeri, Soweruy 
-"Cardita Heberti, 'l.'erqneln 
-:<-Goniomya sp. (ef G. rhombifem, (foldj. .mel sillemnriensis, Oppel). 
-"Gryphrea arcuata, Lama1'ck 
Inoceramus (Crenatula) sp. 

«-Lima pectinoides? SOlcerlly 
* " succincta, Sehlotheim (- L. antiquata, Sow.). 
lVIodiola sp. 

*Myoconcha psilonoti? (Juwstedt 
Nucula sp. (two forms). 

*Nuculana (Leela) Tatei, 1Vewton ( L. Renevieri, Tate). 
" ,,(ef. L. Quenstedti, 'l.'ate). 

*Ostrea irregularis? Qneno·tedt 
Pecten (Chlamys) subulatns? Goldfus8 
Pholadomya ? 
Protocardium truncatulIl ? SowerDy 
Tancredia? Peachi, 1Vewton 

~'-Unicardiulll cardioides, Phillips 
ANNELIDA. 

Ditrupa globiceps, Quenstedt 
" sp. 

*Serpula sp. 

PentacriUlls basaltiformis, lJliller 
PLANTE. 

Wood. 

1 Sec Tate, "Irish Liassic 1"088i)';," Report Belfast Nat. Field Club, Appendix I, 1870. 
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iii. Cretaceous. 
The following list of Cretaceous fossils is based upon the examination 

of blocks of grey limestone and chert found in the volcanic agglomerate 
in Ballymichael Glen, not far from the fossiliferous Liassic masses 
(Localities a and b). A series of specimens having been fonmrded to 
me, sections for the microscope were prepared, and these showed such 
a close agreement with examples of Chalk from the North of Ireland 
-that there could be little doubt as to the Arran f;pecimem; being of a 
like age. This was confirmed by the detection of the organisms detailed 
in the following list. It is satisfactory to be able to say that Dr. G. J. 
Hinde, who is so well acquainted with the fossils of the Chalk, 
fully agrees with the reference of the",e specimens to that formation. 

Inoceramus (piece of shell sho~ing prisms). 
Polyzoa (seyeral specimens, perhaps Entalophora and Eschw·ina). 
Echinoderms (fragments of). 
Porospl!(rm giobuiari8, d' Orbigny. 
Hexactinellid sponge fragments (? Piocoscyphia). 
'l'etractinellid and other spicules. 
Gtobigel'ina'cretacea, cl'Ol'bigny (and other species). 
Te;cltda"ia, etc. 

iv. Conclusion. 
The following renULrks on these collections of fossils hom Arran is 

taken from the QUal·tedy J oUl'lIaI of the Geolagical Society, vol. 57, 
p.239:-

" The island of Arran is far from any locality where strata of J ura;;sip, 
01' Cretaceous age are now found in place, the nearflst locality being in 
the North-east of Ireland, which is about 40 miles away, where there 
are strata conesponding in a remarkable degree with the masses met 
with in Arran. 

" The Secondary rocks of the North-east of Ireland, which had already 
been made known by Portlock,1 were described more fully by Prof. Tate 
in 1863,~ and in still gl'eater detail in 1867 8 In these papers it i;; 
;;hown that Rhretic beds, including the A viwla contortct-shales and 
the White Lias, rest upon older Triassic rocks ~1nd are ovel'lain by 
Lower Lias, in which foul' distinct zones have been distinguished, 
namely, those of Ammonites pZctn01'bis, A mrn. angnlatns, Amm. Buck
lctndi, and Belemnites acltt,~s. The uppennost of these zones i;; succeeded 
by Upper Cretaceous beds, Greensanrl, and hard Chalk,4 awl this again 
by basalt. Prof. Tate D has recorded undoubted Middle Liassic fos1lil" 
from Ballintoy, but apparently from Drift, as hitherto they have not 
been found in place. 

"In 1870 Prof. Tate6 publishell a revisellli;;t of the Liatlsic fossils of 
Ireland, and from this it will be seen that nearly all the Rhretic and 
Liassic ",pecit's found in Arran have been met with likewise in the 
neighboUl'hood of Belfm.;t. The RlHetic fos::;ils of Arran indicate the 
former existence of strata corresponding with the Avicttlct cont01·tct
shales, but at pl'eiient there is nothing to represent the White Lia", in 
particular. 

" That the Liassic fossils of Armn are fl'om the earlier beds of that 

1 , Report on Geol. of Londonderry, &c.," 18,13. 
• Quart. Journ. Geol. Soc. vol. xx. (1864), p. 103. 
• Ibid. vol. xxiii. (1867), p. 297. 
• Ibid. vol. xxi. (1865), p. 15. 
• Ibid. vol. xxvi. (1870), p. 324. 
0" Irish Liassic l"ossils," Rep. Belfast Nat. Ficld Club, App. i. (1870). 
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formation is evident, and broadly speaking, they are equivalent to the 
Lower Lias of the Belfast area; but I think that we may take another 
Htep with almost equal certainty. There seems no valid reason for 
supposing that the Liassic specimens hitherto found in Arran belong to 
more than one bed; for although some of the specimens are very friable 
~tnd others tolerably h~rd, this is due to different degrees of decomposi
tion. Now, among the fossils collected are several examples of 
Ammonites angulatus, while the characteristic ammonites of the Amm. 
plctnorbis- and Amm. Bucklcmdi-zones have not been met with; neither 
is there any fragment of a belemnite to indicate the' Belenmite-shales.' 
It seems evident, therefore, that our Arran specimens belong to the 
Ammonites cmgz~lcttus-zone. Many of the species range into higher or 
lower zones, hut all of them have been met with in A mm. cmgulatz~s-beds 
elsewhere. Quite possibly representatives of the other Liassic zones of 
the Belfast area may yet be found in Arran; but, as it is the Ammonites 
cmg~datt~s-zone which attains the greatest thickness around Belfast, so 
it lllay have been in Arran, The similarity of the Ohalk of Arran to 
th",t of Antrim has already been remarked upon. 

" But for the preservation of the remnants above described the presence 
of Mesozoic strata in Arran, other than the New Red rocks, would have 
been unknown, and their preservation is due to the accident of portions 
of the rock" h:wing fallen into the neck of a volcano. Being thus 
removed to SOllle distance below the sul'face of the country, they escaped 
the denuding influences that have so effectually removed the other parts 
of the parent rocks which there is every reason to believe formerly 
t-ipread over the island of Arran, and were doubtless continuous to the 
south-west with the corresponding strata of the North-east of Ireland: 
forming also a link between that district and the Liassic and Oretaceout-i 
areas of the \Ve"tern Islands of Scotland and the slllall Liassic district 
near Oarlisle, The still furthel' extension of Ol'etaceous deposits in 
Scotland is indicated by the well-known remains of Greensand age near 
Moorseat (Aberdeenshire). 

" The Li~tssic and Oretaceous rocks of the Western Isles of Scotland are 
perh"ps 100 miles north-west of Arran, and have been noticed in part 
by the em'lier writers mentioned in the more recent works of Sir 
Archibald Geikie,l Thomas \Vright,2 and Prof. Judd 3 ; but the fossils 
of the Lower Lias which have been recorded from that area do not 
correspond so nearly with the Arran specimens as do those from the 
neighbourhood of Belfast. The zone of A viculct contort a does not seem 
to be distinctly developed in the Western Isles, according to Prof . • 1 udd, 
although he had seen some indications of its presence, and only last year, 
under ])Ir. Hor>.ce B. Woodward's directions, SOllle obscure fossils were 
obtained from 8kye which it is thought lllay repl'e,;ent these beds. The 
numerous other horizons of J lU'assic strata described in the Western 
I~les, having no representatives anlOllg the Arran fossils, need be no 
further alluded to. Ahoye them, however, are Oretaceous rocks which 
Prof. Judd refers to the Lower, Middle, and Upper Ohalk; the last
nallled horizon being tlmt of Belernnitella rnt~()'J'onctta, and apparently 
corresponding with the \-Vhite Limestone of Antrim. If this correlation 
he correct, it seems highly probable that the Arran limestone will prove 
to be on the sallle horizon." 

1 Quart. J ourn. Geol. Soc., vol. xiv. (1858), p, 1. 
3 ibid. vol. xxxiv. (18i8), p. 696. 

2 Ibid. p. 21. 



PART II.-PETROGR~~PHICAL. 

ARRAN. 

NOTES ON THE PETROGRAPHY OF OLD RED SAKDSTOXE IGNEOUS ROCKS, 

BY H. KYNASTON, B.A. 

UPPER OLD RED SA:>DSTONE. 

6370. (93) Near Fallen Rocks, Anan. A dark purplish, fine-grained 
rock,. apparently considerably decomposed. The microscope shows 
numerous small pseudomorphs after idiomorphic olivine, consisting of a 
pale yellowish, and sometimes almost colourless, serpentine (?), which 
appeal's almost isotropic, and is surrounded by a deep opaque border of 
iron-oxide (reddish-bl"Own by reflected light), which also fills cracks in 
the pseudomorphs. A few felspar phenocrysts appear to have been 
present, but are too highly altered fo]" satisfactory recognition. The 
groundmass is much obscured by decomposition products, though 
numerous small lath-shaperl plagioclases may be recognised. Iron-ores 
lie scattered throughout the slide, and fill narrow branching cracks. The 
rock is probably an altmoed olivine-basalt. 

9394. (267) Near Fallen Rocks, on hillside. A dark purplish rock 
with somewhat greenish patches. Too decomposed for satisfactory 
description. In its main features the rock is Rimilar to the last. 
Olivine pseudomorphs are common, and the groundmass is of similar 
type. Black opaque iron-ores, leucoxene, and pyrites (~) may be seen, 
and calcite in patches. Altered basalt (1). 

9395. (268) Hill side above Laggantuin. The microscope shows 
numerous pseudomorphs after olivine, some consisting in part of a 
reddish-brown to pale yellow, slightly dichroic, mineral resembling 
iddingsite; some calcite pseudomorphs after a more or less idiomorphic 
pyroxene (probably augite); and a ground mass of unorientated felspar 
microlites, carbonates, and interstitial matter. Altered olivine-basalt. 

LOWER OLD RED SANDSTONE. 

Volcanic Series. 

In this series the rocks occurring in the fiel(l as lava flows are of a 
decidedly basic facies, and appear to be more closely allied to the basalts 
than to the typical andesites. It i:,; probable, however, that typical 
andesites also occur. On the other hand, an examination of some of the 
fragments from the conglomerate, which is found overlying thetie lavas, 
shows that they belong to the more acid class of andesites, and may be 
referred in part to hornblende-andesite. It thus appear,.; that a more 
acid serieR of andesites were undergoing denudation at the time of the 
formation of the conglomerate, while the earlier outpourings partook of 
a more basic character. A similar range in the composition of the 
lava-flows is exemplified in many other Lower Old Red volcanic areas 
and the sequence from basic to more acid is common and characteristic. 

In the more basic series pseudomorphs after olivine are often very 
common, but in no case has the unaltered mineral been observed. 
Augite is frequent in both types. In the more ba~jc rocks phenocrysts 
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of felspar appear to be almost entirely absent, while in the more acid 
series they are exceedingly numerous. The groundmass of the basic 
rocks consists mainly of felspar microlites, amongst which pyroxene 
granules may sometimes be distinguished, and occasionally a small 
quantity of interstitial matter. In the more acid series the matrix 
usually Hhow" felspar microlites together with a varying proportion of 
felsitic matter. 

9388. (261) Anchencar burn, 70 yard,; ea,~t of the moor fence. The 
microscope shows numerous pseudomorphs after olivine in a ground
mass of smalliath-::;haped felspai's, sometimes showing a tendency to 
flow-orientation, grains of altered pyroxene (?), and iron-ores. Small 
~cattered flakes of biotite are also seen in the gl'oundmass. Altered 
basic lava-olivine-basalt (7). 

9389. (262) 300 yards north of Creagan Geala, Garbh Thor, Mony
quil. Pseudomorphs, mainly of iron-oxide, after olivine, and grains and 
crystals of augite occur in a groundmass mainly composed of felspar 
microlites and iron-ores, with some smn11 ill-defined patches of secondary 
quartz. Altered basic lava, probably basalt. 

9390. (263) Same loco Purplish lava with well-defined amygdules. 
The microscope shows p::;endomorphs of iron-oxide after idiom orphic 
olivine, grains of augite, mo::;tly mOl'e or less nltered, and amygdules of 
calcite in a groundmass of small lath-shaped felspars, pyroxene grannIes, 
iron-ores, and some interstitial matter. Altered basic lava. Basalt (?). 

9391. (264) Scar, east of Creag Mhor, Auchencar. Pebble in Lower 
Old Red conglomenlte. A reddish purple lava with il'l'egular amygdules 
of calcite, and o;howing small porphyritic felspars. This is evidently a 
more acid type of i'ock than any of the preceding. The microscope 
shows numerous idiomorphic ciT::;tals and ciTstal-groups of browni::;h 
hornblende, for the most part now almost entirely replaced by pseudo· 
lllOl'phs of iron-oxide. Sometimes the inner portion of the crystal 
retains some of the original brown colour, but there is invariably a deep 
opaque border of iron-oxide. Pleochroism is scarcely noticeable. The 
characteristic cleayages of the original hornblende may.be seen in one or 
two cases. The felspar phenocrysts are fairly numerous. They are 
evidently mainly plagioclase, probably an acid Yariety, though some 
im1ividual::; only show the Carlsbad twinning. Apatite is accessory, and 
of a brownish tint. The matrix consists mainly of small felspar micro
lites (tmchytic type), though a good deal obscUl'ed by small flecks of 
iron-ore. Hornblende- Andesite. 

9392 (265) Smmox Bmll, one mile west of mouth. Bonldm' in Lower 
Old Rel1 conglomerate. A dark bluish-grey lava, with patches of epidote. 
Show::; phenocrysts of tnrbid plagioclase, am1 pseudomorphs after a 
ferl'Omagnesian constituent, some of which suggest hornblende, and some 
biotite, in a groulll1nmss mainly formed of epidote, chloritic (?) matter, 
and iron-ores. The rock is rather decomposed and characterised by 
tUl extensive liberation of iron-oxide, and development of epidote. 
Altered Andesite. 

9393 (266) A and B. Sannox Bmn, one mile west of mouth. Boulder 
in Lower Old Red conglomemte. A dark purplish lava, showing what 
appears like an inclusion of a paler colour. The microscope shows 
numerous idiomol'phic plagioclases of two generations, grains and aggre
gates of epidote and chloritic ('?) matter, sometimes in the form of 
pseudomorphs after a ferromagnesian mineral, in a groundmass of felspar 
microlites, iron-ores, and felsitic matter. A portion of 9393A has the 
appearance of an inclusion of [1: more acid rock, but the microscope 
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shows that there is no difference between the two portions except in the 
relative pOverty in disseminated iron-ores of the lighter portion, the 
high proportion of which in the darker part gives it a black appearance 
in the hand-specimen. Moreover, felspar phenocrysts may often be 
observed lying partly in one portion and partly in the other. Scattered 
throughout both portions of the slide are some slllall colotu'less flakes 
resembling white mica, doubtless secondary, seen perhaps more 
frequently in the paler portion. Apatite is accessory. 9393B shows a 
portion of the matrix of the conglomerate, consisting chiefly of frag
ments of altered andesite, quartzite, quartzose-schist, quartz grains, 
felspars, chlorite, and a considerable quantity of epidote. Altered 
andesite. 

Intrusive Rocks. 

9401. (274) East end of big dyke-west of Farchan Mor. } 
9402. (275) 200 yards west of Allt-a-Chapuill. 
9403. (276) West end of dyke neal· Cioch-nah-Oighe. 
A fairly coarse-grained holocrystalline rock of doleritic appearance. 
The microscope shows more or less lath-shaped turbid plagioclases, 

grains of pale augite (malacolite or salite), of earlier consolidation than 
the felspar, patches of pale gl'eenish-(sometimes yellowish in the 
more weathered parts of the l·ock)-secondary fibrous amphibole, with 
some chlorite, amI occasionally [94011 a little brown hornblende may 
be seen associated with the augite. There is also some interstitial 
alkali-felspar and quartz. Magnetite, ilmenite, and apatite neerUes are 
accessory. 

The rock appears to be intermediate between the typical dolerites and 
the augite-diorites. It may he termed a l1wl(tcolite (sa lite )-dole7·ite. 

7144. (162) Torr Breac, Glen Rosie. } 
7519. (186) Torr Breac, Glw Rosie. 
7520. (187) Rosie Burn, Glen Rosie, 400 yards north of wood. 
These three specimens closely resemble one another. They are dark 

greenish-grey fine- grained rocks, and are practically merely finer
grained varieties of the intrusive rock already noticed. They comist 
essentially of more or less lath-shaped felspars, grains and aggregates of 
pale augite, patches of chlorite, and some secondary qllartz. Apatite 
and iron-ores are accessory. Grains of epidote are sometimes seen, and 
the rock is occasionally traversed by narrow yeins of epidote and calcite. 
Malacolite-dolerite (or diabase). 

Doubtful Tuffs. 

7542. (224) Merkland Burn, west branch, 500 feet above junction. 
A dark greenish rock, in which numerous small irregular fragment::; are 
easily seen with the naked eye. The microscope shows numerous small 
fragments of andesite and felsite (1) up to about t-in. in diameter, broken 
plagioclases, and quartz grains, grains of epidote, chlorite, etc., in a fine 
matrix consisting apparently of smaller fragments of a similar nature, 
though much obscured by greeniRh alteration products and iron-ores. 
The quartz and epidote often tend to form in patches and irregular yeins 

7542. (225) Merkland Burn. Similar to the preceding, but con;,;i&ting 
of larger fragments, which are mainly andesitic, and showing very little 
matrix. These rocks do not resemble the matrix of the conglomerate 
as seen in 9393B; but suggest rather rocks of pyroclastic origin, such as 
tuffs or agglomerates. 
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6370 -
9394 -
9395 -

9388 -
9389 -
9390 -
9391 -
9392 -
9393 A & B 

7541 -
7542 -

9401 -
9402 -
9403 -
7444 -
7519 -
7520 -

I;IST OJ,l SI.JIDES l"ROM OJ;]) RED SANDSTONE OF AnHAN (SHEET 21). 

UPPER OLl) RJiJD SANDSTONE. 

Volcanic Series. 

LOCALITY. NAME AND REMARKS. 

N ear fallen rocks Altered olivine-basalt. 
N ear fallen rocks, on hill-side Do. (10. 

On hill-side above Laggantuin Do. do. 

LOWER OLD RED SANDSTONN. 
Volcanic SerieH. 

Auchencar Bum, 70 ydFi. E. of Moor dyke Altered basic lava-olivine-basalt (?). 
300 yds. N. of Creagan Geala, Garbh Thor, Monyquil Altered basic lava-? basalt. 
Same locality Do. do. do. 
Scar E. of Creag MhoI', Auchencar } Boulders in { Homblenrle-andesite. 
Sannox Bum, 1 mile W. of mouth Lower Old Red Altered andesite, near hom bIen de-andesite. 
Same locality Conglomerate Altered andesite. 

Doubtful Tuffs. 
Merkland Bum, W. branch, 500 feet above junction ? Tuff. 
Merkland Burn ? Tuff or agglomerate. 

Intrusive. 
East end of big dyke W. of Farchan Mol' 

~ } 200 yds. W. of Allt-a-chapuill Malacolite-dolerite (diabase). 
West end of dyke near Cioch-nah-oighe 
Torr Breac, Glen Rosie 

~ } Malacolite-dolerite (diabase), fine-grained 
Torr Breac, Glen Rosie 
Rosie Burn, Glen Rosie, 400 yds. N. of wood- variety. 

f-' 
~l ..... 

~ a; 

~ c 
..g 
'-":: 

~ 

~ 
~ 
~ 

~ 



Appendix. 175 

NOTES ON THE PETROGRAPHY OF THE CARBONIFEROUS Im-rEOUS ROCKS 
OF ARRAN, BUTE, AND THE CUMBRAES, BY H. J. SEYMOUR, B.A. 

(1) LATE CARBONIFEROUS SILLS (2609, 4633, and 4634) AND DYKE 4592. 

These rocks are medium to coarse grained olivine dolerites, showing a Sills. 
well-developed ophitio st1'uotu1'e between the augite and plagioclase. 
They contain a good deal of hypidiomorphic olivine crystals usually 
under 0'5 illm. in longer diameter, which are more or less altered along 
their edges and cracks into serpentinous material, their central parts 
remaining clear. Augite occurs as brownish pink faintly pleochroic 
granules and allotriomorphic crystals moulded on the olivine and some
times completely enclosing it (4633). Some of those crystals intergrown 
with the plogioclases are up to 2 or 3 mm. in length. The plagioclases 
(1'5 mm. average length) show repeated twinning and give symmetrical 
extinction angles up to 27°, indicating labradorite. Magnetic iron ore is 
present in small quantity Secondary products are chlorite, actinolite, 
and serpentinous material. These rocks are like tertiary dolerites. 

4592. Is a much altered rock. The plagioclase is still fairly fresh and Dyke. 
contains abundant apatite needles. The orginal ferro-magnesian 
constituents are almost completely altered to secondary chloritic material. 
Vesicular strncture is noticeable, and the rock probably originally 
possessed a more or less glassy base.-Basalt. 

(2) CARBONIFEROUS VOLCANIC SERIES, "UPPER." 

Nos, 6371, 6994, 7051, and 7738 to 7743 inclusive. 

These include two types of rocks-viz., basalts Nos. 7051, 7739, 
7740, and 7741, and volcanic tuffs and grits Nos. 6371, 6994, 7738, 
7742, and 7743. All these rocks occur in or near the burns at Sliddery 
Water Head, Arran (Sheet 13). The basic rocks have already been Basic 
described in the Summary of Progress for 1897, pp. 119 and 120, as rocks. 
basaltic andesites. They are all much altered and stained red with 
ferric oxide, and original ferro-magnesian constituents (olivine and 
augite) are merely suggested now by the shapes of the iron-stained 
pseudomorphs noticeable in the sections. The tuffs and volcanic grits Tuffs and 
or sandstones are also stained red with ferric oxide, and the compact grits. 
varieties present a very close resemblance to some of the igneous rocks. 
In section they are seen to consist of very numerous quartz granules, 
mostly sub-angular, associated in different slides with a greater or less 
amount of basic volcanic lapilli. The latter are mostly in a glassy 
(altered) and scoriaceous or pumiceous condition, and less seldom finely 
crystalline. Pieces of quartzite and a few odd plagiocla~e crystals are 
also noticeable, the whole being cemented into a compact mass with 
ferric oxide. 

(3) CARBONIFEROUS VOLCANIC SERIES, "LOWER." 

Nos. 21481, 2463?, 2603 to 2607, 4593, 4594, 4596, 4616 to 4G22, 
4625, 6373?, 6995 to 6997, and 9396 to 9398. 

Of the above rocks the great lTIajorityare basic, two of them are 
porphyritic trachytes (2606 and 4617), and one (6996) is a tuff. 

These include olivine basalts with and without plagioclase pheno- Basic 
crysts, porphyritic dolerites, and diabase. The olivine basalts without rocks, 
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plagio?lase pheno?rysts are compact and fine grained as a rule, and do 
not d1ffer essentIallY from the basic types described already except 
that they are much fresher and their constituents more readily 
detern:inable .. ~o. 699.5, f~om Benlister Glen, may be taken as repre
sentat1ve. ":h~s m sectlOn 1S seen to be finely crystalline, and contains 
abundant ohvme crystals altered to iddingsite. The other ferro
magnesia,n constituent is chloritized, ancl the plagioclase crystals are 
mostly coated with nearly opaque calcareous matter. The rock from 
the west side of St. Blane's Hill (4625) is the most basic type examined, 
containing much less felspar than usual. It contains phenocrysts of 
augite and olivine (iddingsite), the former being much corraded by the 
ground and frequently forming "glomero-porphyritic" groups. The 
ground, which is very minutely crystalline, consists chiefly of more or less 
idiom orphic augite micro-crystals, with a good deal of magnetic iron ore, 
a subordinate proportion of the ground being composed of plagioclase 
microlites and some glass. Specimen No. 4621, from east of Port Uisg, 
South Bute, is a basalt, veined with a little calcite and a good deal of 
red stilbite or heulandite. 

The basalts with plagioclase phenocrysts contain on the whole a 
"maIler proportion of olivine crystals, ancl approximate closely to the 
Lion's Haunch type. The specimen from the east side of Port 
Luchdach, South Bute (4618), is fairly representative. This contains 
numerous phenocrysts of a basic plagioclase giving rather high extinc
tion angles, and being probably labradorite. These frequently have 
included in them portions of the glaRsy base. The ground is made up 
of a finely crystalline aggregate of abundant- hypidiomorphic augite 
crystals and plagioclase laths with a good deal of magnetite. A little 
interstitial glassy matter occurs here aI!d there. Numerous greenish 
pseudomorphs after olivine are noticeable in the section, also several 
augite phenocrysts, the larger ones (2 mm. diameter) being much 
corroded. 

The rock (2463) south of Millstone Point is an a,ltered dolerite or 
diabase. It is somewhat amygdaloidal, the amygdales being now filled 
in with calcite. The fel'l'omagnesian minerals are completely altered to 
a greenish chloritic product. The remaining basic rocks of this series 
are porphyritic dolerites (2603~2605, 2607, and 4622), similar generally 
in composition to those rocks above described, but with a ground more 
definitely and coarsely crystalline. The coloured phenocrysts (augite 
and olivine) are almost completely altered to secondary materials, but 
the plagioclases are quite fresh. Olivine phenocrysts are rather scarce, 
and augite also is not very conspicuous. The ground, which is of the 
anamesite dolerite type, is much finer in grain than the ophitic dolerite 
described above, e.g. 4633 or 4634. It usually contains abundant 
partially chloritized augite, plagioclase, magnetite, and a little secondary 
biotite, with abundant accessory apatite, as inclusions in the felspathic 
constituents. 

The acid rocks (2606 and 4617) of this group are pale greyish and 
slightly porphyritic trachytes. The phenocrysts are pinkish coloured 
"imply twinned orthoclases about 0'5 cm.long. The specimen (4617) from 
the west side of Port Luchclach is the most typical. In section it consists 
of a plexus of simply twinned felspar micro-crystals, in the form of long 
laths, and showing well-marked flow orientation. Many of them are 
stainect slightly with red iron oxide. Between 1 he crystals occur 
flbundant specks of hematite, some of which appears to be pseuclo
morphic after an original ferromagnesian mineral, traces of which in 
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the form of minute green granules are still noticeable in the ground. 
The section of the other rock (fl'om the east of ~ orth GalTochty) is 
similar generally, but the flow structme is not quite so typically 
developed. 

The remaining rock included in this series is (No. 6996) one from the Tuff. 
north of Creag-na-Fitheach (?), Glen Dubh, Arran. This rock is a 
qtuwtzose tt~tf indentic,d with those described from the "Sliddery 
Water" aI·ea.! The quartz gl'ainR ('ontain abundant fluid cavities with 
A moving bubble in each. 

(4) SILLS OR BOSSES OF EARI,Y CARBONIFEROUS AGE. 

Kos. 4573, 4574, 4576, 4583, 4588, 2608, 4587, and 4627 to 4629. 

These include examples of trachytes (4576, 4588, and 4583) and 
basalts (2608,4587,4627-4629) and two l'ocks (4573 to 4574) which are 
tentatively referred to the Bostonite type. Another rock included in 
this set (4626) is a tufI'. 

These are reddish [l,nd yellowish coloured rocks, which are considerably Trachytes. 
altered and stained with iron oxide. One of the rocks (4583) is 
porphyritic, the phenocrysts being altered orthoclase or sanidine. In 
Ihe ground, which is typically trachytic, occur gl'eenish pseudomorphs 
in grains and ophitic patches, after augite (regirine) probably. Some 
interstitial secondary quartz is also present. These rocks recall the 
types described by Hatch from the Garlton Hill, Haddingtonshire. 
(Trans. Roy. Soc. Ed., Vol. 37, also Vol. 29.) 

Two specimens (4573 and 4574) from Millport Bay, Great Cumbrae. Bos: 
These are creamy brown coloured, slightly porphyritic, rocks. In tomtes? 
section they consist of small felspar laths, which are much altered and 
kaolinized on their surfaces. The porphyritic mineral is an untwinned 
felspar with a low refractive index, and is probably orthoclase. Some 
of the small felspars of the ground are repeatedly twinned, but have a 
lower refractive index than Canada balsam, alld hence are alkali varieties. 
The majority of the felspar laths show simple twinning. In the absence 
of any analyses the rocks Are tentatively referred to the bostonites, as 
they correspond very closely with the type of that rock described by 
Kemp and Marsters (in the Bulletin of the U.S. Geol. SW'vey, No. 107), 
both mAcroscopically and microscopically. 

These rocks occur at Suidhe Hill (2608 and 4627-4629) and at Basalts. 
Sheughends, Great Cumbrae (4587). They are porphyritic olivine 
basalts verging towards compact dolerites. They are quite similar to 
types already described, and do not call for any special remarks here. 
Most of the ferromagnesian constituents are altered, but the plagioclase 
is quite fresh usually. 

(5) DYKES OP EARLY CARBONIFEROUS AGE. 

Nos. 4577 to 4579, 4586, 4589 to 4591, and 2595 to 2600. 

Of these rocks two nre trachytes (4577 and 4m8) and the remainder 
hasalts and dolel'ites. 

The trachytes are fine-grained types, consisting of a felt of orthoclase Trachytes. 
lAths somewhat staine(l with ferric oxide, and showing yel'Y t}llical flow 
orientation. Orthoclase ph81~ocrysts are scnrce, nnd some interstitial 
nnd secondary quartz is noticeAble in the sections. The rock from top 

I Summary of Progre88, IS!)7, Pl'. 119 ,'nd 120 
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of crag near Hawk's Nest, Great Cumbrae (4578), contains a few flakes 
of biotite mica orientated in the same direction as the felspars of the 
ground. 

The basic rocks are chiefly cdtered basalts and compact dolerites, 
usually with olivine, and generally porphyritic (Lion's Haunch type). 
The phenocrysts are usually labradorite, and less often augite or olivine. 
A good many of the rocks show the lateritic type of weathering, which 
characteristic is shnre(l with many of the trachytes of this area. 

LIST OF SLICED ROCKS FROM ONE-INCH SHEETS 21 AND 13 (SCOTLAND), 

WITH LOCALITIES AND DETERMINATIONS. 

Reg. 
No. 

2148 

2463 

2595 
2596 
2597 

2598 
2599 
2600 
2603 
2604 

2605 
2606 
2607 
2608 
(W09 
4M3 

4574 
4576 
4577 
4578 

4579 

4583 

4586 

4587 

4688 

LOCALITY. 

Bed above red tuffs, south of High 
Corrie, Arran, 

South of Millstone Point, east 
side of Arran, . 

South of Bruchag Point, Bute, 
Same locality 

Wood, south of Kerrylamont, 
Bute, 

North of Lubas Point, Isle of Bute, 
Dyke on KelTytonlia shore, Bute, 
Dyke on Kerrytonlia shore, Bute, 
vVest of Dunstrone Fort, Bute, 
From west of Bmnzet'1, Bute, 

North of Tor Mol', Bute, 
Bast of North Garrochty, Bute, . 
Garroch Head, Bute, . 
Suiclhe Hill, Bute, 
East of Tor Mol', Bnte, 
The Clack, MillpOl·t Bay, Great 

Cumbrae, 
Miller's Thumb, Millport Bay, 
BarbflY Hill, Great Cumbrae, 
Farland Point, Great Cum brae, 
Top of crag near Hawk's Nest, 

Great Cumbrae, 
South of the Hawk's Nest, Great 

Cumbrae, 
Shore west of Creag nan Fith

each, Great Cum brae, 
West of Creag nan Fitheach, 

Great Cumbrae, 
Sheughends, Great Cumbrae, 

Terrach Hill, Great Cumbrae, 

1" 
No. 

21 

" 
" 
" 

" 
" 
" 
" 29 
2] 

" 
" 
" 
" 
" 

" 
" 
" 
" 

" 
" 

" 

" 
I " 

! " 

NAME. 

Altered olivine basalt. 

Diabase. 
Dolerite. 
Dolerite. 

Dolerite altered. 
Diabase. 
Olivine dolerite. 
Porphyritic dolerite. 
Porphyritic dolerite. 
Porphyritic dolerite or 

andesite. 
Porphyritic dolerite. 
Porphyritic trachyte. 
Porphyritic dolerite. 
Porphyritic dolerite. 
Olivine dolerite. 

Bostonite1 
Bostonite? 
Trachyte. 
Trachyte. 

Biotite-trachyte. 

Porphyritic basalt. 

Porphyritic trachyte. 

Porphyritic basalt. 
Porphyritic olivine 

basalt. 
Porphyritic trachyte. 
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LOCALITY. 
1" 

No. 

1---------------

4589 

4590 

4591 

4592 

4593 
4594 

4596 
4616 
46t7 

4618 

4619 

4620 

4621 
4622 

4625 

4626 

4627 

Dyke, Little Skate Bay, Great 
OUll1bl'ae, 

Dyke, Little Skate Bay, Great 
OUll1brae, 

Dyke, Little Skate Bay, Great 
Oumbme, 

North side of Fintray Bay, Great 
Oumbrae, 

South end of Little OUll1brae, 
Rest and be Thankful, Little 

o umbrae, 
Little Onmbrae, 
Dunagoil Fort, South Bute, 
,Nest side of Port Luchdach, 

South Bute, 
East side of Port Luchdach, 

South Bute, 

Dunstrone, South Bute, 

South of Barr Hill, South Bute, 

East of Port Uisg, South Bute, 
Barr Point, North of Dunagoil 

Bay, South Bute, 
West side, St. Blanes (1) Hill, 

South Bute, 
South-west end of Suidhe Hill, 

South Bute, 
South-east side of Suidhe Hill, 

South Bute, 

4628 vVest side of Suidhe Hill, South 
Bute, 

4629 

4633 
4634 

6371 

6373 
6994 

6995 

South-east side of Suidhe Hill, 
South Bute, 

On shore south of Barr Hill, 
South-west of Barr Buidhe, South 

Bute, 
Head of Sliddery Water, Burn 

B, Arran, 

Sliddery Water Head, Burn B, 
Arran, 

Benlister Glen, east of Lagna 
Oroise, Arran, 

21 

" 

" 

" 

" 

" 

,. 

., 

" 

" 

" 

" 

., 

" 

" 

" 
13 

13 

21 
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NAME. 

Altered basalt. 

Altered basalt (por
phyritic). 

Altered basalt (por
phyritic). 

Basalt. 
Basalt. 

Porphyritic basalt. 
Basalt. 
Porphyritic basalt. 

Porphyritic trachyte. 

Porphyritic olivine 
basalt. 

Porphyritic oli vine 
basalt. 

Altered porphyritic 
basalt. 

Porphyritic basalt. 

Porphyritic dolerite. 

Basalt, 

Tuff. 

Porphyritic olivine 
basalt. 

PorphYl'itic olivine 
basalt. 

Porph)Titic olivine 
basalt. 

Ophitic olivine dolerite. 

Ophitic olivine dolerite. 

Sandstone. 

Tuff. 

Olivine basalt. 
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Reg. 
No' 

6996 

6997 

7051 

7738 
7739 

7740 

7741 

7742 

7743 

9396 

D397 

9398 

The Geolo[IY of Nodh Armn. 

LOCALITY. 

i North of Oreag na Fitheach, Glen 
Dubh, Arran, . 

500 yards north-east of \Vindmill 
Hill, Arran, . 

Sliddery ·Water, Burn B, 400 yd~. 
north-west of Onoc Dubh, 

Sliddery 'Yatel', Burn C, • 
Sliddery 'Yater Head, upper part 

of Burn 0, 
Sliddery 'Yater Head, Bul'l1 B, . 

" Trap" bed in shale, Burn B, 
Sliddel'Y 'Yater, 

" Coarse ash" in Burn B, 
Slitldery 'Yatel', 

Fossiliferous iron~tone horizon. 
Bul'l1 B, Sliddery 'Yater, -

Base of Oarboniferous "tmp," 
north of Oorrie, Arran, ' 

Top of Ou,l'boniferouR " trap," 
near Oorrie, Arran, 

Small" trap ,. bed opposite Oorrie 
Established Ohnrch, 

I 1" I 
NAME. 

I No., ____ _ 

21 

" 
13 

I " 

I ., 

1 21 

I 
" 

" 

Tuff. 

Olivine basalt. 

Altered basalt. 
Tuff. 

Basaltic andesite. 
Olivine basalt junction 

with quartz-felsite. 

Basaltic andesitf'. 

Tuff. 

Tuff or ash? 

Porphyritic olivine 
basalt. 

Porphyritic olivine 
basalt. 

Porphyritic olivine 
bnsalt (altered). 
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ABERFOYLE, black shales and cherts of, 
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Abhuinn Bheag, 14. 
Achag, 28, 38. 
A'Chir, 3, 9 ; basic dykes in the granite 

of, lOI. 
A'Chruach, 2, 79, 87, 88, 98, 144. 
Agates, 64. 
Agglomerate, volcanic, 19, 20, 57, 59, 

60, 61, 65, 66, 79-81. 
Agriculture, 150. 
ALLPORT, S., 92, 97, Ill, 117, 120, 127. 
AUt a Bhuic, 102. 
--- a Chapuill, 27, 86, 173, 174. 
-- Airidh Niall, 93. 
-- an Dris, 75, 78, 80; Rhretic rocks 

in Tertiary volcanic vent, 73. 
-- an Siorrain, 135. 
-- an Slaic, 120. 
-- Beidh, 4. 
-- Beith, pitchstone dyke at; 93. 
-- Carn Bhain, Arenig cherts, 20, and 

igneous rocks in, 20, 21, 22. 
-- Dhepin, Ill. 
-- Dornach, Arenig igneous rocks, 20, 

21. 
-- Gobhlach, 2, 14, 135. 
-- Mol', 24, 51, 129, 153. 
-- na h-Airidh, 13. 
-- na Meanie, 90, 91. 
-- nan Calaman, 104; quartz-diorite 

in, 88. 
-- nan Eirreanach, ]4, 90, 103. 
-- Ruadh, 8l. 
Alluvial fiats, 150. 
Alluvium, fresh-water, 5; in Arran, 

142--143; in Ayrshire district, 144; 
in Kintyre district, 17, 144, 145. 

-- marine, 5, 11, 142. 
Am Binnein, 3, 135. 
Ambrisbeg, 54, 60 ; coal at, 48, 146. 
Ammonites angulatus zone, 76, 168, 169, 

170. 
-- B1tcl.:landi zone, 169, 170. 
--- planorbi8 zone, ] 69, 170. 
Amygdaloidal andesite, 64; pebble of, 

in Tertiary volcanic agglomerate, 80. 
-- lava 26 29 57 59 
-- oliv{ne-basa'lts, '62.· 
Amygdnles in pillowy lava, 20. 
Analcime diabase, Il2. 
Analysis of limestones, <to, 78, 148-149. 
Ancient lakes, 143. 
An Cumhlum, 71, 92, 95, 139. 
Andalusite devEloped by action of 

granite, 86, 87. 

Andesite, as layas, 60, 64; as sills, 98, 
99, 120 ; as necks, 65, 66; as dykes, 
Il9; as fragments in Lower Old Red 
i::landstone grit and conglomerate, 23, 
26, 27; also in Tertiary volcanic 
agglomerate, 80, 81. 

Ann's Lodge, 35. 
An Sgriob, llLndslip near, 144; lime· 

stone quarries, 40, 148. 
Anthracite coal at Ambrisbeg, 54, 146 ; 

at Ascog, 146; at Cock of Arran, 49, 
146. 

An Tunna, 8, 13, 144. 
Ard Bheinn, 2, 9, 70, 75, 78, 83, 88, 

98, 153; acid sills, 91; brecciated 
conglomerate, 80; Cretaceous lime
stone, 77; fault, 131; fragments of 
Trias in Tertiary volcanic vent, 67, 
72; granite, 87, 88; magnetic rock, 
82, 98; Tertiary volcanic vent, 
79-82. 

Ardneil Bay, 35. 
Ardrossan, 1, 10 ; raised beach at, 140; 

Upper Old Red Sandstone rocks at, 
35 ; ,-olcanic necks near, 65. 

Ardscalpsie, 1:!9, 133. 
-- Honse, 128. 
-- Point, 54, 128, 129. 
Arenig rocks, in Arran, 4, 8, 13, 15, 16, 

18-22, in Bute, 22; intrusive igneous, 
4, 21-22; metamorphism of, 18. 

Argyllshire, area embraced within the 
map, 1. 

Arran, Arenig rocks of, 4, la. 18-22; 
Bibliography of, 181-1S\9 ;c"Carboni
ferous igneous rocks of, 56-58,60,61; 
Carboniferous strata of, 4, 8, 37-52; 
Coal Measures, strata of, 4,41, 43, 45, 
46; Cretaceous rocks of, 4, 76-78, 
169; economic geology of, 146-151; 
faults (chief), 128-132; glaciation 
and glacial deposits of, 133-136; 
granite, granophyre, and granitic 
dykes, 84-91; Liassic rocks of, 4, 
75 76, 168; metamorphic rocks of, 
7,12-16, Old Red Sandstone of, 4, 6, 
8, 23-31; Old Red Sandstone igneous 
rocks of, 26, 27,28; physicalfeatures 
of, 2-4; pitch stones of, 92--96 ; raised 
beaches and recent deposits of, 
139-140, 142-144, Rh,,~tic rocks in, 4, 
73-75, 167-168; sills and dykes in, 
91-101; Tertiary volcanic vent in, 
i, 8, 9, 79-83; Trias or New Red 
Randstone of, 4, 8, 67-72. 

Ascog, coal worked at, 48, 146. 
Ash, Yolcanic, trees and plant remains 

in, 48. 
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Aucbagalloll, 25; boundary between Beinn. Lochain, 13, 129, 131. 
Upper and Lower Old Red Sandstone, --- Nuis, 3, 65, 85, 94. 
31; pitchstone dykes, 95; Triassic -- Tharsuinn, 3, 92, 94. 
rocks, 70, 71, Belemnitella 1nUCl'onatn zone, 170. 

Auchencar, 24, 26, 27, 134, 172, 174. Belemnites ((eutus zone, 169. 
-- Burn, 25, 26, 172, 174. Belemnite shales, 170. 
Auchinhew, 114. Belfast, Hluetic and Liassic rocks near, 
Auchmore, 94; faults in schists at, 14. 169, 170. 
Augite andesites, 100; petrography of, Bell Bav, 32. 

119. Benan Head, 99. 
-- porphyrite, 96. Ben Ledi grits, metamorphic rocks of 
A l'icula COII/oi'ln zone, 168, 169, 170. I Kintyre district correlated with, 16. 
Ayrshire (part of, in sheet 21), 68; I Benlister Burn, 2, 44, 45. 

alluvium, 11 ; area embraced within -- Glen, 8, 38, 44, 56, 58, 61, 67, 69, 
the map, 1,9.10 ; Arenig rocks in, 4, 81,92,97, 130, 155, 176. 
18, 20, 21; black slulles and cherts in, Bessy's Port, 32, 134. 
18 ; blown sand, 11 ; Calciferous Sand- Biglees Hill, 66. 
st0ne series of, 63-64 ; Carboniferous Binneinnah-Uaimh,82. 
rocks of, S, 10; faults, 6:·1; general Biotite granite, 81. 
geological description of, 9-11; glacirLi -- developed by contact alteration, 
deposits of, ll, 136-137; igneous 86,87. 
rocks of, 10, 35, 63, 64--66, 101-102; Birch Burn, 70, 72, 100. 
passage beds from Old ReO. Sandstone Birgidale Butts, 2. 
to Carboniferous, 63; peat in, ll; Birk Glen, 92, 93, 97, 131. 
physical featmes of, 2, 9; raised Bbck Rock, 66, 134. 
beaches of, 11, 140-141, 142; -- schist or shales, Arellig, in Arran, 
Tertiary dykes of, 10, 65, 101; Upper 4, 18, 19, 20, 21. 
Old Red Sandstone of, 8, 10, 34-:~6; Bbckshaw Hill, 65, 101. 
volcanic necks of, 10, 64-66. Blackwater, 2. 

B 

Blown sand, 5, ll, 142, 144. 
B1oomeries, old, in Arran, 147. 
Blue Rock, 30. 
Bog iron ore, 147. 

BALLANTRAE, Arenig volcanic rocks of, BONNEY, Professor T. G., 127. 
4. 

Ballarrie, 140, 149. 
Balliekine, 14, 100, 133, 150. 
Ballintay, 169. 

Ilostonite, 62. 
" Botti e rock," 92. 
BODE, A., !l5, lI8. 
Bonlder clay, 5, 36, 13.5, 138, 140. 

Ballochmyle, resemblance of 
sandstones of Arran to 
strata at, 67. 

Triassic Boulders, 133, 134-135. 
Permian Boydston, 141. 

Branzet Moss, 143. 
Ballykellet, cornstone, 31,53; fault, 31 ; Breccia, fault, 129. 

nodular basalt dyke, 62. 
Ballymichael, 72, ]36. 
-- Burn, 71,75, 135, 136, 143. 
-- Glen, 72, 76, 81, 87, 88, 89, 

-- volcanic (Arenig), 19, 20. 
1 Brecknock, 143, 144. 

I
i Brisderg, 44, 45, 58, 69, 87, 97. 

98; Broad Island, 119. 
Lias fossils from, 153, 168, 169. 

Baniorlach, 25,26. 
Bank, The, 141. 
Barefield, 133. 

Broadford Bay, 35. 
Brodick, 1, 23, 25, 27. :;7, 67, 68, 72, 

79, 87, 92, 97, 99, 100, 101, lI8, 120, 
123, 13.5, 139, 142, 147, 149, 150. 

Barr Buidhe, deyiation of icc-sheet, -- Bay, 3, 68, 69, 70, 100, 151. 
133. 

Barr Hill, 99, 116. 
Barr Point, 55, 60. 

-- Castle, 25, 37, 42, 43, 56, 58, 60, 
67, 68, 132. 

-- :Manse, fault, 130. 
Barytes workings, old, in Glen 

27, 147. 
Sannox, -- Pier (old), 68. 

Basalt, as layas, 34, 59, 171, 172; as 
dykes, 62, 85, 91, 101,102. 

Basic sills and dykes in Arran, 97-101 ; 
in Ayrshire district, 101-102, Kintyre 
district, 102. 

Beaches, raised, 5; in Arran, 139, 140; 
Ayrshire district, 140-142; Little 
Cumbrae, 139; Skipness, 142; South 
Bute, 128,139. 

Beinn a' Chliabhain, 3, 94, 101. 
-- Bharrain, 2, 85. 
-- Bhreac, 2, 25, 31, 78, 79, 81, 83, 

87, 88, 94, 100, 144. 
-- Chaorach, 13. 

-- Schoolhouse, pitchstone dyke, 9:;, 
94. 

-- 'Voods, boundary between Upper 
and Lower Old Red Sandstone, 31. 

Broomcraig Park, 140. 
Bruce's Castle, 70. 
Bruchag Point, 33. 
BRYOE, J., 55, 86, 87, 117, 148. 
Building stone, 148. 
Bute, 1, 3, 4, 9, 10, 64, 134, 139, J50; 

altered sandstone and conglomerate 
in, 33; area of, embraced within the 
sheet, 1; Arenig rocks of, 22; boulders 
in, 134; Calciferous Sandstone Series 
of, 53; Carboniferous rocks of, 8, 53, 
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56; columnar sandstone in, 33; clap I Cement·stones (Carboniferous), 43, 47, 
and sands with glacial shells in, 136; 48, 57, 58, 63, 64. 
clays worked for tile.making in, 149; Ceum na Caillich, 3, 9, 101, 134, 135. 
dykes and sills in, 54, 62, 63, 99, Chalk of England, 76. 
faults, 34, 54, 60, 128, 129; glacial -- of Ireland, 76, 77, 169. 
deposits of, 133, 136; igneous rocks I Cherts, Arenig, in Arran, 4, 18, 19, 20, 
of, 8, 54, 56, 59-60, 61, 62; meta· 21; absence of radiolaria in, 18; 
morphic rocks, 7, 12; Old Red Sand· altered by granite, 18: correlated 
stone (Upper) of, 8, 28,31, :32; physical with those of Southern Uplands, 18. 
features of, 2; population of, 149; -- fossiliferous, in Tertiary volcanic 
quarries in, 54, 148; raised beaches neck, 77. 
of, 139; Tertiary basic sills of, 98, Cioch na h-Oighe, 3,27, 30, 31, 86, 129, 
99; volcanio vents in, 55, 56, 61. 173, 174. 

Butter Lump, 32. Cir Mhor, 3, 85, 92, 94, 116, 119, 120, 
. 125, 136, 151. 
. Clach, 62. 

C -- a Chait, 135. 
Clachan, 90. 

CAISTEAL ABHAIL, 3, 85, 92, 94, 100, -- Glen, 8, 23, 25, 31, 132. 
101, 122, 135, 151. Clach an Fhionn, 39, 57, 134. 

-- an Fhionn, 85. Clauchlands Burn, 37. 
Calciferous Sandstone Series of Ayr- -- Hills, 70, 93, 97, 130, 146. 

shire, 10,63; Arran, 57; Bute, 53; -- Point, 70,97. 
Cum braes, 53; thickness of, in Arran, -- Shore, 93, 135. 
46; igneous rocks of, 56,57, 63-64; Clach Mhor, 134. 
trachyte dykes and sills of, 62. Claonig Bay, 142. 

Calcite, 21, 62, 70; in amygdaloidal -- 'Vater, 1, 102, 138, 144. 
basalts, 59. Clashfarland Point, 32. 

-- veins, 43; in pillowy lavas, 58. Clays, laminated, 5; with glacial shells, 
Campbeltowll district, "Green Beds" 136; used for tile-making, 49. 

and" Loch Tay limestone" of, 17. Claystone, 125. 
Carboniferous formation of Arran, 4, Clyde Basin, 138. 

8, 37-52; Ayrshire, 8, 10, 63; Great -- Firth of, 138. 
and Little Cumbrae, 8, 9, 31, 53-54; Cnoc Ballygown, 112. 
Bute, 8, 33, 53, 54-56; boundary .- a' Chapuill, 38. 
between Old Red Sandstone and, 31, -- a Moine Raibert, 102. 
34, 53, 54, 63; boundary between I -- an Biorach, 23, 81. 
Trias and, 68; boundary fault between -- -- Burn, 3, 13, 23, 86, 117, 129, 
schists and, 19, 129; conglomerates, 135. 
39, 63; cornstone at base of, 46; -- -- Donna, 20. 
faults, 18, 34, 37, 38, 39, 40, 41, 42, -- Donn, 14. 
43,44,45,46,47,48, 50, 54, 57, 58, -- Dubh, 72, 79, 87, 88, 91, 97. 
61, 128, 129, 130, 132; fossils from, -- na Ceille, 25, 95, 136. 
39, 40, 41, 42, 43; fossil localities, -- -- Croise, 8, 23, 81. 
153-154; Laggan section, 45-51; --- nan Sgrath, 15. 
plants in shaly tuff, 48, 57 ; thickness Coal, 48; anthracite. 49. 54: at the 
of, in Arran, 37, 46; igneous rocks Cock of Arran, 40, 49, 146; bormg 
of, in Arran, 4, 8, 9, 38, 39, 44, 47, for, in Arran, 146; in Bute, 48, 54, 
56-58, 60-61, 97; in Ayrshire, 64- 146; (thin) at base of Carboniferous 
66; in Bute, 8, 9, 53, 54, 56, 59, 61 ; volcanic series, 48. 
in Great Cum brae, 9, 61; Little Coalfin, 138, 144. 
Cumbrae, 8,53, 56, 58. Coal-measures in Arran, 4, 41, 42, 43, 

-- Limestone Series, 48-51. 44, 45, 67, 129, 130 ; thickness of, 46 ; 
-- petrography of, 175-178. fossils from, 41, 42, 43, 44, 45, 51 ; 
Carlisle, Liassic rocks near, 170. volcanic rocks of, 56, 60, 61. 
Carlung, 65, 142. Coast line, extent of, within the map, 1. 
- Moss, ll, 142, H4. , Cock of Arran, 15,50,99, 105, 129, 150 ; 

Carn Ban, pitchstone dyke, 94. . Carboniferous rocks, 8, 37, 45; fossil 
Casteal an Fhionn, 85. localities at, 153, 154; New Red Sand-
Castle Island, 53, 59. stone or Trias at, 8, 67, 70 71, 138. 
Carradale, 137. -- Farm, 45, 51, 146, 147. 
Catacol, 15, 52, 90, 99, 133, 138, 140, COHEN, E., 122. 

142. Coillemore, old bloomeries at 147. 
-- Bay, 15. Coire Fhraoich, 151. 
-- Bridge, 14. --- nan Ceum, 135. 
-- Burn, 52, 90, 133. -- Larach, 135. 
-- Cairn, 52. -- Lan, 136. 
-- Glen, 2, 84, 86, 144. I COLE, G. A. J., 118. 
Caves, water-worn, on edge of raised: Columnar structure, 33, 34, 59,91, 92, 

beach, 139. 99. 
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Composite dykes, 116. Denl's Dyke, 100, 119. 
-- sills, 114. : Diamond Hill, volcanic necks, 66. 
Concretionary sandstone, 71. Diorite, 81, 89; felsite veins in, 96; 
Conglomerates (see the respective for- granite veins in, 87,88,89, 96; grano-

matio'ls). phyre YeillS in, 89,96; intrusions in 
"Coral" limestone,50. Old Red Sandstone, 23, 96; intrusions 
Corloch, 7, 8, 15, :20, 23, 28, 45, 56, 5i, in Tertiary volcanic vent, 81; mass 

1:29. in Glen Dubh, 96. 
Cornstone, 29, 33, 38, 39, 46, 47, 48, Dippin, Ill, 112, 113, 119. 

1:29. Doire na Ceardich, 150. 
-- at base of the Carbonlferous in Dolerite, 99, 148; altered, 86; ophitic, 

Arran, 46, 52; Bute, 33; Great 82, 96 ; porphyritic, 60. 
Cumbrae, 31, 53. -- dykes, 35, 62, 64, 69, 101; sand-

Corrie, 1, 99, 136, 1413, 150, 151 ; Cal" stone hardened and bleached by, 35 ; 
boniferous rocks at, 8,37, 38,39,45, shifted by fault, 130; Tertiary, 
413: Coal ~Ieasures near, 41, 45;· cutting schists, 102. 
faults, 130, 131 ; fossil localities near, -- sills, 10, 63, 97 ; compound, 98; 
154; igneous rocks of, 38, 56, 57; Tertiary, cutting dolerite sill, 98. 
marine she1l8 in raised beach south of, Dolomitic limestone, 33, 54; in contact 
139; Old Red Sandstone, 8, 23, 28, 30, with igneous rock, 54. 
31, 38, 68; "pillow" structure in Doughend Hole, 31, 32, 53, 62. 
la\'as, 57, 58; thickness of Calciferous Dougrie, 7, 12,23,24,25, 129,135, 140, 
Sandstone at, 413; Trias, 8, 37,67,68, 150. 
70; water-worn caves on edge of! -- Lodge, 140. 
raised beach, 147. Downcraig Ferry, 32, 62. 

Burn, 134. Drift deposits, 5, 11, 26,27,44,54, 134. 
Church Burn, 13. Drumadoon, 110, 115. 
Cra\-ie, 117. Drumlins, 5, 134. 
Hotel, 37, 68. Drummilling Hill, 65. 
limestone, 37, 38, 39, 40, 42, 43, Dubh Loch, 3, 94. 

44, 45, 48; analysis of, 40; thickness Dun, 22. 
of, 39; Trias resting on, 67 ; uncon· Dunagoil Bay, 33, 55, 61. 
formability of Trias to, 44. -- Fort, 60. 

-- North High, 150. Dun Dubh, 91, 93. 
-- Schoolhouse, 30, 38. -- Fionn, 93,96, 97. 
Corrygills,93 110, 122, 123, 125, 127, Dunoon, dyke, 62; metamorphic rocks 

130. of, 12; slates of, 13, 15. 
North, 91, 93. Dunstrone, 56. 

-- South, 91, 93, 151. -- Fort, olivine basalt of, 60. 
-- Point, 69, 91, 99. Dykes, 9, 25, 27, 33, 84, 85, 100, 101, 
-- Shore, 70, 91, 100, 135. 102; acid, 44; andesite, 64; basalt, 
CORSTORPHIXE, G. S., 99,111,112,113, 10,19,43,91; basic, 40, 44, 99, 101; 

114, 115, 120. composite, 95; dolerite, 35, 64; 
Cosson, 32. granitic, 90-91; granophyric, 90; 
Cour, 17. quartz·felsite, 92; pitchstone, 92-913. 
COUTTS, JA~IES, 1313. 1 -- Tertiary, 58, 73, 87, 101, 102. 
Cowal, 12, 15, 131, 138. I 

COWIE, JAMES, 49. 
CRAMPTO~, Dr. C. B., 153. 
Creag a 1Ihaid, 61. 
Creagan a' Choilich, 15. 
Creag an Feidh, 77. 
Creagan Geala, 172, 174. 
-- Liatha na Cluain ~Ionaidh, 98. 
Creag Dubh, 3,82, 85, 87, 94, 135, 151. 
-- Ghlas Cuithe, 15. 
-- l\lhor Derenenach, Wi. 

I 
E 

EASAN BIORACH, 2, 133, 142. 
Eas Geal, 45, 61. 
Economic geology, 146-151. 
Edinburgh, porphyritic olivine basalt of 

Arthur's Seat, 62. 
--~~nam Fitheach, 43, 44,70, 119, 130, i Elvans, 88, 91. 

1/ /. 
nam Mult, 87, 88,96. 
Rosie, 13, 120. 
Shocach, 80. 

D 

DE LA BEEcHE, 33. 
DELESSE, A., 104, 115, 118,~1:!3. 
Derenellach, 70, 73, 77, flO <;1 

91, }lS, 1313, 146, 153. 

i England, chalk of, 76; Trias of, 67. 
I Epidiorite, 18, 20, 22. 
Epidote, 20, 22, 24, 213, 27, 813. 
Erratic blocks, 5; in Arran, 133, 

134-135; in Bute, 134; in Great Cum· 
brae, 134; in Kintyre, 137. 

:\<:scairt, 5, 14~. 
-- Point, 142. 
Eskers, 5, 1313. 
Estuarine deposits, 5. 

so.! H7, Enn Point, 117. 
F.uritf', 99 
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F Glen Burn, 63. 
. GLES, D. 0., 33. 

FAIRLIE, 10,63,64, 137. ' Glen, The (Ayrshire), 64. 
-- Burn, 63. Glencallum, 2, 56, 60, 143. 
-- Castle, 63. : -- Bay, 56, 98. 
-- Glen, 63, 64. , Glen Oatacol, 2, 14, 84, 86, 104, lOS. 
-- Roads, 142. -- Ohalnladale, Ii;, 90, 105. 
Fairy Dell, 144. -- Oloy, 6S, 69, 70, 94, 66, 125, 135, 
Fallen Rocks, S, 23, 2S, 29, 34, 37, 45, 136, 139-140, 143, 147, 150. 

46,99, 100, 129, 139, 144, 171,174. 1-- -- Burn, 2, 4, 135. 
False-bedding in sandstones, 32,35,38, -- Oraigag, 9, S2, 83, 87. 

53,63,67,68. -- Dubh, 8, 14,23,25,31,38,43,69, 
Farchan Mol', 28, 30, 130, 133. S7, SS, S9, 92, 96, 106, 111, 126, 130, 
Farland Head, 35. 135, 136, 150, 177. 
-- Point, 32, 62, 12S. _ -- Ea~an Biorach, 14,85, S6. 
Faults (chief), 128-132; relative ages -- Fyne granite, boulder of, near 

of, 131-132. Oock of Arran, 134. 
Felsite, banded, 82; magnetic, 82, 98; Glenhead, 141. 

pebble, in agglomerate of Tertiary Glenkiln,) 47. 
volcanic Yent, 81; veins in diorite, 96. Glenloig, 9, 75, 77, 80, 82, 87, SS, 108. 

-- dykes, 43, 85. -- Burn, S9, 95, 96. 
-- sills, 72, 74, 91, 92, 149; age of, 91. -- Farm, 81. 
Felstone, spherulitic, 93. -- House, 83. 
Fence Bay, 66,140,142. Glen Ormidale, S, 43, 69, 88, 91, 92,97, 
Ferry Rock, 40. 126, 135. 
Figgatoch, 62, 148. Glenrickard, 147. 
Fintray Bay, 32, 62. Glen Rosie, 13, 23, 24, 27, 43, 6S, 92, 
Fireclays, 40. 101, 118, 120, 129, 136, 140, 150, 155, 
Firth of Clyde, 10, 137, 140. 174. 
FLETT, Dr., 16,21. -- -- Burn, 3, 37, 6S, 86, 101, 173, 
Flow structure in rhyolite, 82. 1 U; old course of, 143. 
Foraminifera in Cretaceous limestone, -- Sannox, North, 3,4, 7, 8, 18,20, 

77. 21, 23, 24, 28, 34, 57, 84, 86, 129, 
Forfarshire, Old Red Sandstone of, 24. 131, 140, 150, 151. 
Formations, table of, 5-7. -- -- South, ;~, 7, 23, 24, 27, 85, 
Fossils, derived, in Triassic conglomer- 101, 117, 129, 131, 135, 140. 

ate, 71-72. -- Burn, 172, 174. 
-- general list of, 156-170. -- -- -- North, S, 19, 142. 
--lists of, in Carboniferous strata, 41, -- -- -- South, 27, 142, 147. 

42, 43, 45, 46, 48, 49, 50, 51, 52; in -- Scaftigill, 13, 87. 
Rhretic, Lias, and Cretaceous, of Ter- Glenshant Hill, 7, 13. 
tiary volcanic I-ent, 75, 76, 77, 167- Glen Shurig, 23, 24, 31, 43, 46, 58, 92, 
170. 94, 132, 149, 151, 105. 

-- localities for, 153-153. -- Struey, 115. 
Foul Port, 53-54. Glentane Hill, 64, 66_ 

G 

GABBRO, 82; petrography of, 107. 
Garbh Allt,"24, 47, 101, 129, 131, 136. 
---choire, lIS. 
-- -- Dubh, 136, 151. 
-- Thorr, 24, 25, 26, 131, 172, 174. 
Garlton Hills, 177. 
Garroch Head, 2, 54, 61, 63. 
Garrochty , North, 60, 177. 
-- South, 55, 60. 
Garveoline, 1(r2. 
GEIKIE, Sir ARCHIBALD, 24, 51, 52, 67, 

103, 136, 170. 
Glacial shell-beds, 136. 
Glaciation and glacial deposits, 5; in 

Arran, 133-136; Ayrshire district, 
11. 136-137; Bute, 133; Cumbraes, 
133; Kintyre district, 137-13S. 

Glaid Stone, 32. 
Glaister, 136. 
Gleann an·t Suidhe, 87, 88, 96, 134. 
-- Easbuig, 13. 

Goa tfel!, 3, 104. 
Gogo BUrn, 137, 140, 141. 
-- Glen, 10. 
Granite, general description of, 84-91 ; 

affecting the strike of metamorphic 
rocks, 12, 14; areas occupied by, 84, 
85, 87; age of, S7, 90; boulders in 
Kintyre, 137; denudation of, 9; 
fragmen ts of, in agglomerate of Ter
tiary volcanic neck, 80; intrusions in 
Tertiary yolcanic neck, 81, 82. 103; 
metamorphism produced by, 7, 12, 
13, 14, 86; petrography of, 104; 
,'eins in diorite, 87-88, 89, 96. 

Granite dykes, 90-9\. 
Granitite: 89. 
Granophyre, 87, 8S, 89; causing meta

morphism of Old Red Sandstone, 23, 
25, 31, 89 ; gradation into granite and 
quartz-diorite, 87; intrusive in diorite, 
89, 96; intrusiye in Tertiary volcanic 
vent, 81, 82; petrography of, 104. 

Granophyric dyke, 90. 
Gravel, 5, 136. 
"Green Beds," 15, 16, 17,20. 



196 Index. 

Greensand, 169, 170. 
Greenside Hill (Ayrshire), 66. 
Greywacke in Arran correlated with 

Dunoon series, 15 ; schistose, 13. 

H 

HADDINGTONSHIRE, 177. 
Hrematite, 49. 
Halifax, 33. 

Ironstone, at Cock of Arran, 49, 147; 
at Corrie, 40, 147 ; and musselband, 
in Glen Rosie, 43. 

Islay, 138. 
Isle of Man, 148. 

J 

JAMIESON, Professor R., 88, 117, 120, 126. 
Joints, in Triassic sandstones, 68, 69; 

in granite, 84, 85; in schists, 13, 14, 
15. HASWELL, JAMES, 34. 

HATCH, Dr. F., 177. 
Hawk's Nest, 62, 177. 
Haystack, 128. 

I JUDD, Professor, 94,100,117,118, 119, 
120, 121, 125, 170. 

HEADRICK, Rev. J., 40, 49, 78. 
Heat causing columnar structure in 

sandstone, 33. 
Highland border, black shales and 

cherts of, 18; fault, 19, 128, 131. 
Highlands, metamorphic series of, 18. 
-- Southern, "Green Beds" of, 20. 
Hill House, 141. 
HIND, Dr. VVHEELTON, 15:" 169. 
HINDE, Dr. G. J., 169. 
Holy Island, 1, 3, 9, 70, 91, 92, 135. 
Hornblende.gabbro, 21. 
-- schist, 7, 22. 
Hornstone, 125, 126. 
Horse Island, 1, 13. 
Hosie limestone, 48. 
Huddersfield, 33. 
Hunterston, 64, 141, 142. 
-- House, 1, 14,66. 
Hurlet limestone, 39, 48, 64. 
HUTTON, J., 51, 84. 
Hyperite, 81, 96, 108. 

I 

K 

KADI HILL, 63, 66. 
Kames, 136. 
Kel Burn, 141. 
Kelburn, 63. 
-- Glen, 10. 
-- Park, 141. 
Kelspoke Castle, 54, 55. 
KE)IP, J. F., 177. 
Keuper strata, 67, 71,72; in Tertiary 

volcanic neck, 74. 
KIDSTON, R., 24, 153. 
Kilchattan, 1, 2, 32, 33, 54, 63, 136, 

148, 149. 
-- Bay, 2,4,33,62, 134. 
-- Little, 32. 
King's CO\'e, 111, 125, 139, 151. 
Kintyre district, area embraced within 

the map, 1 ; boulder clay of, stained 
by Triassic rocks, 138; boulders of 
Arran granite in drift, 137; glacial 
deposits of, 137 ; metamorphic rocks 
of, 16-17; physical features of, 1 ; 
Tertiary basic dykes of, 102. 

Kippen Burn, 63. 
ICE-SH},ET, direction of movement of, Kirkland Glen, 35. 

133, 134, 136, 137. I Kirkton, Upper, 54. 
Igneous rocks of Arran, 4, 8, 34, 39, Knowe, 135. 

56-58, 60-61; 79-98, 99-101; Ayr- Kyles of Bute, 34. 
shire, 8, 10, 35, 64--66, 101-102; KYNASTON, H., 26,27,34, ],)2, 171. 
Bute, 54, 55, 56, 59-60, 61, 63, 98-99 ; 
Uumbrae (Great), 54, 61; Cum brae ! 

(Little), 58-59; Kintyre district, 102; I 

petrography of, 103-127, 171 180. 
Imachar, 12. 14, 100, 133, 134, 147. 
Inchmarnock Island, 1, 2, 7, U, 1:39, 

148. 
brlex mestone, 40, 41, 49. 
Innellan, 22. 
Inverdoy, 93,94, 99, 100, 120. 
Iorsa, 13, 85. 
-- Glen, 85, 86. 
-- Loch, 85,95, 142, 143. 
-- Valley, 13, 94, 95, 131, 133, 136, 

142, 143. 
-- vVater, 2, 86, 135, 139, 140. 
Ireland, Ammonites a1lynlatu8 zone of, 

168; Aric1l1a con/orta zone of, 168; 
chalk of, 76, 77, 169 ; granite of, 87 ; 
Secondary rocks of, correlated with 
those of Arran, 169, 170; unconform
ability of Cretaeous rocks to Lower 
Lias, 76. 

L 

L.\G A BHElDH, 93. 
-- a' Bheith, 70. 
Laggan, 37, 56,57, 150. 
Laggantuin, 34, 130, 154, 171, 174. 
Lag na Croise, 58. 
Lairside Hill, 66. 
Lakes, ancient fresh-water, 143. 
Lamlash, 1, 93, 118, 147, 149. 
-- Bay, 3, 70, 100, 135, 139, 140 

142, 146. 
Landslips, 68, 139, 144. 
Larach Mor Burn, 102. 
Largs, 1, 10, 64, 65, 10:3, 137, 141, 142. 
Lava flows, brecciated, slaggy, or 

scoriaceous surfaces of, 59, 64. 
-- -- forming terraces, 8, 58, 59. 
Law Hill, volcanic neck, 65. 
Leacan Rnadha, 71, 95. 
Lea.c an To bair, 151. 
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Lias, former extension of, in Arran, 4; I Sandstone rocks, 28, 31; of syenite 
fragments of, in Tertiary volcanic dyke, 109. 
neck, 4, 5, 8, 73, 75-76, 79, 153, 168, I Metamorphism caused by basic dykes, 
169-170; in Ireland, 169; near, 101; round the granite, 7, 12, 13, 
Carlisle, 170; of Western Islands of 14, 86, 89, 90, 96. 
Scotland, 170. , ~filler's Thumb, 62, 133. 

Limestone, altered, 77, 78; analyses of, : Millport, 1, 144; freestone quarries at, 
40, 78; Coral, 51; dolomitic, 33,! 148; marine shells in raised beach 
fragments of, in Tertiary volcanic near, 139. 
neck, 61; "White" of Antrim, 170. -- Bay, 4, 32, 53, 100, 128, 177. 

Lion Rock, 32, 100. ! -- Harbour, 62, 119, 133. 
Lion's Haunch, Arthur's Seat, Edin· Millstone Grit, 41, 67, 97; igneous 

burgh, 62, 176, 178. I rocks of, 56, 57. 
Lochan a Mhill, 86, 133. -- Point, 45, 47, 97, 144, 150, 176. 
Loch Chorein Lochain, 3. }Iinnemoer, 32. 
-- Dubh (or Dubh Loch), 3, 94. ~Iisty Law, 64. 
Locherim Burn, 31, 41, 42, 58, 151, 154. Monyquil, 24, 26, 129, 131, 135, 136, 
Loch Fad, 22, 60. 172, 174. 
-- Fyne, 138. ~Ioor dyke, 174. 
-- Iorsa, 3. Moraincs, 134, 135-136. 
-- na Davie, 2, 3, 86, 90, 100. Moss·holes, 71. 
-- na Leighe, 98, 119. Mourne Mountains, granite of the, 87, 
-- na Leirg, 111. 104, 105. 
-- Nuis, 3. Mudstones, metamorphism of, 90. 
-- Quien, 3, 99. Musselband ironstone in Glen Rosie 
-- Ranza, 1, 3, 12, 52, 99, 148, 150; Burn, 43. 

former extent of, 140; old bloomeries 
near, -147; succession in the schists 
near, 13; workable peat at, 146; 
unconformable junction near, 51-52. 

-- -- Castle, 15. 
-- Tanna, 3, 135. 
-- Tay limestone, 16, 17. 
Lubas, 63, 134. 

Bay, 55. 
-- Port, 33, 56. 

MACADAM, Professor ,V. IYISON, 42, 
147. 

~IACCOl\'OCHIE, A., 24, 75, 76, 77, 153, 
167. 

MACClJLLOCH, JOHN, 33, 105. 
?fachrie Bav, 144. 
-- Bridge, 136. 
-- Burn, 25, 31, iI, 95, 136. 
-- "Vater, 2, 8, 25, 31, 67, 70, 71,79, 

136, 139, H2, 143, 146. 
Madadh Lounie, 84. 
Maol Don, 8, 40,41, 68, 144, 148, 155. 
Marble, 77, 78, 79, 149. 
Marls, Old Red Sttndstone, containing' 

doubtful traces of plants, 25 ; Keuper, 
4, 67, 71, 72, 74, 79. 

MARSTERS, V. F., ll7. 
Meall Biorach, 3. 
--Mol', 2, 9. 
-- nan Damh, 2, 3, 9,84. 
Merkland Burn, 25, 27, 42, 151, 15.3, 

173,174. 
Mesozoic strata m Arran, 67-78, 

167-170. 
Metamorphic rocks, 7, 12-17; frag. 

ments of, in conglomerate, 28, 68; 
table of, 6. 

Metamorphism of Arenig rocks, 18; 
of dolerite dykes, 117; of fragments 
in ttgglomerate, 103; of Old Red 

N 

NECKER, L. A., ll7. 
Necks, volcanic, 4, 5, 10, 64, 65-66, 69, 

73,79-83. 
New Red Sandstone (see Trias). 
NEWTON, E. T., 75, 76, 77, 153, 167. 
Newton, North, 15,37,51,52,129,148; 

unconformability of Carboniferous 
strattt to schists, 51, 52. 

Noddisdale Glen, 10. 
N ori te, 108. 
North Mound, volcttnic neck at, 65. 

o 

OLD RED S.EDSTO:\'E, table of strata, 6; 
in Arran, 7-8, 23-26, 28·31; doubtful 
traces of plants in, 28; boundary 
bet,,'een Lower and l.Tpper, 25, 31; 
faulted boundary between Trias and, 
l:n; fossil localities, 15B, 1:35. 

-- -- -- in Ayrshire, 8, 10, B4-
B6; passage bcLls into Carboniferous, 
63; boundary betwecn Carboniferous 
lUld, :34. 

-_. -- -- in Bute, 8, 32-34; thick· 
ness of, 32. 33; ptttches of Cttrbonifer· 
ous trap in, 33; passage beds into 
Cttrboniferous, 33; boundary between 
Carboniferous and, 54. 

Old Red Sltndstone, igneous rocks of, 4, 
8, 26-27, 34, 54; petrography of, 
171-174. 

Olivine basalt, 60, 62, 100, altered, 58, 
61, 171. 

-- dolerite dykes and sills, 54, ll7. 
-- -- petrography of, 112. 
Ophitic dolerite, 82, 96; altered, 97. 
Orthoclase crystals in drusy cavities, 86. 
Overtonshore, 3~. 
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p , Raised beaches, 5; in Arran, 52, 57, 69, 
. 134, J39-140, 150; in Ayrshire dis-

PEACH, B. :N., 5~, i6, i7, 152, 153. trict, II, 140; in Bute, 22,55,128, 
Peat, 5: in Arran, 143-144, 146, 14i: 139; in Great Cumbrae, 139, 144; ill 

in A~Tshire district, 11, 142. Inchmarnock, 139; Skipness district, 
-- filling up old lochans, 143, 14.5. 17. 
Penrioch. 14, 9i, 131, 133. -- marine shells in, 139. 
-- Xorth. 14, 100. . Rainfall, 151. 
Perthshire, Ben Ledi grits, 16; Old Red R~)JSAY, Sir A. C., 86, 88, 117, 139, 147. 

Sandstone of, 24. Recent and Post-Tertiary depo~its, 5 ; 
Permian, 6i. in Ayrshire, 11. 
Petrography of Old Red Sandstone Rhretic,4, 5, 8, 73-75; fossils from, 75, 

igneous rocks, lil-174. 167-168,169. 
-- of Carboniferous igneous rocks, -- rocks in Ireland correlated with 

li5--180. those of Arran, 168, 169, 170. 
-- of Tertiary igneous rocks,103-12i. Rhyolite, 91,99; with flow structure, 
PHILLIPS, J. A., 125. 8'J 
Phyllites, 12, 16, 18: contorted Arenig, Road-metal, 92, 149. 

18; gradation from schists into, 16. ROBERTSOX, D., 136. 
Phyllitic schist, 14, 90. Roinn Clumhach, 98,99. 
Physical features, 1-4. ROSEXBUSCH, H., 120. 
Piper Hall, 32. . Rosie (see Glen Rosie). 
Pirnmill, 12, 14, 131, 135, 1:,0. Ross, The, 97. 
Pitchstones, list of, in Arran. 93-96. Rothesay, ~, 62, 128. 
-- banded, 92; dykes and sills, 72, Rudha Ban, 100. 

82, 85, 92-93; porphyry, 92; spheru- Rum, Island of, 33, 148. 
litic, 92. Runnan Eun Point, 60,61, 63, 11 7. 

-- petrography of, 120. 
S Plants, Carboniferous, in breccia ted 

rock, 46; in Calciferous Sand~tone I 

shales of Ayrshire, 64: in Old Red I SADDLE, The, 94, 101. 
Sandstone, 24, 25: in trappean ash. Sail Chalmadale, 3, 85. 
48, 5i. I Salite diabase, 27. 

PLAYER, ,J. H., 125. -- dolerite, 27. 
Playhill, 54. Salt-pans (old), 146. 
Plo;-erfield, 87. Sand, laminated, with glacial shells, 
Population, 149-150. 136. 
Porcellanite. 75, 79, 90. . Sandstone, altered, 26, 33, 35, 54,61, 
Portachur Point. 5il. 68, 69, 77, 97, 101; fragments and 
Port Alisdair Ruadh, 102. blocks of, in volcanic agglomerate, 60, 
-- Dornach, 55. 61, 6.5, 66, 73, 80; columnar, 33; 
Portincross, 2, 35, 101, 137, 141. false bedding in, 63, 67, 68, 69, 70, 
Port Leithne, 55, 60. il ; ripple-marked, 35. 
PORTLOCK, J. E., 169. . Sannox (see Glen Sannox). 
Port Luchdach, 60, 176. Scaftigill Glen, 87. 
-- lJisg. 55, lli, 176. ~ Scalpsie, 22. 
Post-Tertiary and recent deposit~, 5. -- Bay, 4, 22, 128, 144. 
Poteath, 141. Schist, detailed description of, 12-17. 
P"OdUCtU8 gigal1le/1s in Corrie limestone, SCHOFIELD, J. A., 125. 

39. Scotland, 'Yestern Islands of. 170. 
-- latis .• imus limestone, 41, 44, 49. Sea \Iill, 65. 
Psilophytol1 in Lower Old Red Sanri- -- -- Bridge, 140, 141. 

stone of Arran. 24. , Serpentine, 7; altered, 22. 
Pyroxene, green, 160. Serpent Mound, 136. 

I SEDIOUR, H. J., 152, 175. 

Q 
i Sgeir na Lninge, 102. 
I Shale, black, Arenig, 18, 19, 65. 
-- Lias and Rhretic in Tertiary 

Q, ARRIES, limestone, in Arran, 14, 37, volcanic neck, 73, 74, 75, 79, 81. • 
38, 39, 40, 42, 43, 54, 55, 78, 148, Sheeans, 97. 
149; in Bute, 33, 148; millstone, 63; I Sheriff Port, 62. 
road-metal, 23, 92; sandstone, in! Sheughends, 54, 177. 
Arran, 68, 71, 148; in Great Cnmbrae. I Shiskine, 8, 9, 79,87,130,131,132,147, 
32, 53, 148: slate, in Arran, 15, 148. I 149, 150. 

Qnochag, 134. -;::: dis~rict, 131; Rh::etic fossils from, 

RADIOLARIA, 
cherts, lR 

R 

absence of, 1Il Arran 

,0, 16,. 
-- Plain, 142, 143; old sea loch, 140. 
Sills, acid, 91-92; basic, 97-98; com

pound, 98; dolerite, 111; epidiorite 
or hornblende, 22 ; felsite, 64, 91-92, 
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93; orthophyric, 64; pitchstone, Throughlet, 35. 
92-96; quartz. felsite, 91; quartz. Tilemaking, clays used for, 142, 149. 
porphyry, 91; rhyolite, 91; trachyte, Till or boulder clay, 5, 49, 135. 
62. Til' Dubh, 96. 

Silurian, Lower?, table of strata, Tobar Challumchille, 151. 
6-7. Tormore, 71, 1I0, 1I6, 122, 123, 125, 

-- -- in Arran, 4, 18-22. 126. 
-- -- igneous rocks, 4, 8, 21-22; -- Shore, 93, 95. 

petrography of, 20-21. Tor N ead an Eoin, 84. 
Skipness district, I; glaciation and Torr Breac, 27, 173, 174. 

glacial deposits of, 137-138; meta· -- Dubh. 27. 
morphic rocks of, 16-17; raised. -- l\leadhonach, 15, 133. 
beaches of, 142; alluvinm of, 144. I -- ~lor, 2, 60, 98. 

-- Bay, 142. ' -- na Lair Brice, 21. 
-- Castle, 142. -- Righ Beag, 91, 95, 140. 
-- Point, 102. -- -- Mor, 1:26, 140. 
-- "Vater, I, 102, 138, 142, 144. Trachyte, 54; analysis of, 62; dykes 
Skye, 105, 107, 116; Lias of, 170. and sills of, 61, 62. 
Sliddery Water, 110, 111. Traighliath,7I. 
-- -- Head, 60, 175, 177. Trail Isle, 59. 
Soils, 150. Trappean ash, trees and plant remains 
SORBY, H. 0., 120. in, 48. 
Southannan, 142. TRAQUAIR, Dr. R. H., 153. 
Southern Uplands, cherts of, altered by Trias, 4, 8, 67-72; boundary between 

granite, 18. Oarboniferous and, 68, 130; boundary 
-- -- pillow structure in la\'as, 19, (faulted) between Old Red Sandstone 

20. and, 131; derived Carboniferous 
Springbank, 69, 130. fossils in, 71-72; fossil locality, 153; 
Springs, water supply from, 151. in Tertiary volcanic neck, 73, 79; of 
St. Annan's Ohapel, 66. England, 67; of Skye, 35; sub. 
St. Blane's Hill, 98, 99, 176. divisions of, 6, 67; thickness of, 68, 
Stone circles, 97, 143. 70. 
Strabane, old course of Rosie Burn, 

near, 143. 
Stravanan Bay, 2, 62, 143. 
Streams in Arran, 1, 2, 3, 4. 
String Road, 8, 23, 24, 43, 97, 149; 

granite area south of, 87. 
Suidhe Ohatain, 2, 9. 
- Hill, 61,177. 
-- Fhearghas, 3, 18, 150. 
-- Plantation, 56, 117, 134. 
Syenite, 88. 
-- dykes, 90; petrography, 108. 
Syncline, in Carboniferous rocks, 8, 44, 

48, 54, 59 ; in schists, 15. 

T 

TABLE OF FORMATIONS, 5-7. 
Tachylyte, 118. 
Tailorleap Bridge, 36. 
TAIT, D., 24, 40, 46, 52, 153. 
Tarbert Hill, 65. 
TATE, Professor, 168, 169. 
TEALL, J. J. H., 20, 21, 34, 63, 90, 104, 

120. 
Terraces, lava flows forming, 8, 58-59. 
Terrach Hill, 31. 
Tertiary igneous rocks in Arran, 4, 9, 

58, 73, 79-101; in Ayrshire, 10, 65, 
101-102. 

Tescheni te, 112. 
THOMSON, J., 44, 67, 72. 
-- Dr. R. D., 149. 
-- T., 125. 
Thundergay, 12. 
- Mid, 151. 
-- North, 14. 
-- South, 94, 

U 

UAMH CAPUILL, 98, 99, 115, 116. 
Uisge nam Fear, 58. 
Urie·Loch Burn, no. 
Unconformability between Carboniferous 

igneous rocks and Old Red Sandstone, 
54; between Oarboniferous rocks and 
schist, 51-52; between Carboniferous 
rocks amI Old Red Sandstone, 38-39; 
between Old Red Sandstone and 
Arenig lavas, 129; between Old Red 
Sandstone and schist, 128; between 
Upper and Lower Old Red Sandstone, 
8; between Trias and Carboniferous 
rocks, 4, 44, 67; between Trias and 
metamorphic rocks, 129. 

Upper Kirkton, 31. 

v 
V ALLEYS, drift· filled, 17. 
Vent, Tertiary volcanic, in Arran, 4, 8, 

79-8:~; fragments of Rhretic, Liassic, 
and Oretaceous rocks in, 5, 72, 73-78, 
167-170; fragments of Trias in, 67, 
72. 

-- in Ayrshire, 10, 64, 65-66; in 
i Bute, 61. 
i VOGELSA~G, H., 120. 
Volcanic agglomerate, petrography of, 

I 103. 
-- rocks (see Igneous rocks). 
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"Vood, natural, in Arran, 150. 
Vi"OODWARD, H. B., 170. 
'VRIGHT, T., 170. "VATER SUPPLY, 151. 

Wells, 151. WtSSCII, E. A., 48, 57, 67, 72. 
West Bav, 54. 
"Vestern "Islands, Liassic and Cretaceous 

areas of the, 171. 
'West Kilbride, l, 65, 101. 
'Vest Port, 51. 
'Yhitefarland, 1 i, 134, 151. 
White Port, 33. 
Whiteside Hill, 66. 
"Yhite 'Yater, 3, 31, 86, 136. 

x 
Xenocrysts in basic sills, 114. 
Xenoliths in granite, 107. 

Z 

"Villdmill Hill, 38, 43, 58, 91, 92, 131. Zeolites, 61. 
'Vood, artificial, in Arran, 151; in Bute, I ZIRKEL, F., 88, 97, 104, 106, 

150; in Great Cum brae, 151. . 113, 117, 120, 121, 126. 
107, 111, 
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56. Perthshire, Forfatshire (parts of). fu. 
57. Forfarshire and Kincardineshire (parts of). 6.,. 
57A.Kincardineshire; S.E. corner. 4s. 
66. Kincardineshire, Forfarshire, Aberdeenshire (pa.rts of). 0. •. 
67. Kincardineshire and Aberdeenshire (parts of). 48. 
75. Inverness-shire, Elginshire, Banffshire, Aberdeel1shire (parts of). ti 
76. Aberdeenshire, Kincardineshire. 6 ... 
77. Aberdeenshire, S.E. part; Kincardineshire, N.F.. eorner. 48. 
81. Ross-shire, S. vV. ; Islands of Raa"ay and Rona, part of Skye. 6 .•. 
S5. Elginshire, Banffshire, Aberdeenshire (parts of). 63. 
87. North-East Aberdeenshire and Banfti;hire (detached portions). 6 .•. 
91. Ross-shire (part of). 6,. 
94. Ross-shire, Cromartyshire, Sutherlandshire (pnrts of). 68. 
95. Elginshire, Banffshire (parts of). 4 .•. 
96. Aberdeenshire, Banffshire (parts of). 4 ... 
97. Aberdeenshire and E.lstern Banffshire (parts of). 4~. 

100. N. W. Ross-shire (part of). 4.~. 

101. Ross-shire, Cromartyshirc, and Sntherlandshire (parts of). 6". 
103. Sutherlalldshire, E. 6s. 
107. Sutherlamlshire (part of). 6.~, 

113. Sutherlandshire, N. W. (part of). 4, •. 
114. Sutherlandshire (part of N.). 6s. 
115. Sutherlandshire, Caithness-shire (parts of.) Hs . 

. lI.-Maps on Six-inch Scale, illustrlil'ting the Coal-fields. 
Erlinburghshire. Sheets 3, 8, 14, 17. 48. 

Sheets 2, 6, 7, 12, 13, 18. 6, •. 
Haddingtonshire. Sheets 8, 13. 4 ... 

I<'ifeshire. 

Ayrshire. 

Renfrewshire. 

Lanarkshire. 

" 
Dumfriesshire. 

Sheets 9, 14. 6 .•. 
Sheets 33. 37. 48. 
Sheets 24, 25, 30, 31, 32, 35, 36. 65. 
Sheets 9, 26, 31. 48. 
Sheets 7,8, 11, 12, 13,16, 17, 18, 19,22, 23,24,27, 28, 29. 

30, 33, 34, 35, 36, 40, 41, 42, 46, 47, 50, 52. 68. 
Sheets 13, 14, 17. 4. •. 
Sheets 7, 8, 11, 12, 15, 16. 6.,. 
Sheets 1, 2, 3, 4, 5, 10, 49. 48. 
Sheets 6,7,8, 9, 11, 12, 13, 16, 17, 18, l!l, 20, 23,24,25, 3I, 

32, 37, 38, 41, 42, 68. 
Sheet 1. 4·., 

Sheets 5, 6, 7. 6". 
DumbartollRhirt'. Sheets 19A,,20, 24, 26, 2R, including 29. -h<. 

Sheets 23, 25. 68. 
Stirlingshir('. Sheets 25, 33, 36. 48. 

Linlithgowshire. 
Perthshir('. 

Sheets 17, 18, 23, 24, 27, 28, 29, 30, 31, :l2, 35. 6,<. 
Sheet 8. 4 ... 
Sheets l35, 1:'19, 141, 142, 143. 4. •. 
Sheets 133, 134,140. 6, •. 

IIa.-Maps on Six-inch Scale, illustrating Structure of N.W. High
lands. 

Sutherlandshire. Sheets 5, 71. 68. 
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Hr.-Horizontal Sections. 58. per Sheet. 
Sheet 1. Edinburghshire and Haddingtcmshire. 

2. Edinburghshire, Haddingtonshire, Bel'wickshire. 
:3. Peeblesshire, Edinburghshire, Linlithgowshire. 
4. Ayrshire Coal-fields (west side). 
5. Ayrshire Coal-fields (east side). 
6. Renfrewshire, Dnmbartonshire, Ayrshire. 
/. Cheviot and Lammermoor Hills. 
8. Clyde Coal-field and Campsie Hills. 
9. Ayrshire Coal-fields (Mnil'kil'k and New Cumnock). 

IV. -Vertical Sections. 38. 6d. per Sheet. 
Sheet 1. Edinburgh and Haddington Coal-field. 

~. Fife Coal-fields. 
:1_ Kilmarnock Coal-field. 
4. Clyde Basin Coal-field . 
. ~. Stirling aml Clackmannan Coal-fields. 
0. Muirkirk, Lesmahagow and Douglas Coal-fields. 
7. Lanarkshire Coal-fields (Rutherglen and Carlnke). 

V.-Memoirs of the Geological Survey of Scotland. 
(1.) GENERAL :MEMOIR:-

Silurian Rocks of Britain. Yol. I. ticotland. 15-,. 
(2.) DISTRICT .ME~lOIH.s:

Cowal. Argyllshire. 6-,. 
East Lothian (out of print). 
Central and \Vestern Fife and Kinross. ,5~. 6d. 
Eastern Fife. 8·,. 

(:3.) SHEET TliEMOIRS :-

Sheet 1. Wigtownshire, South· Western Districts. ;~d. 

2. \Vigtownshire, Suuth-Eastern Districts. 3d. 
3. 'Vigtownshire, 'Vestern Districts. 3d. 
4. Wigtownshire, E. part; Kirkcudbrightshire, portion of S. W. Division. 

9d. 
5. Kirkcudbrightshire, Southern Districts. l8. 6,1. 
7. Ayrshire, South-vVestern District. 3d. 
9. Kirkcudbrightshire, N.E. ; Dumfriesshil'c S. "-. 18. 

" 13. Ayrshire, Turnberry Point. :1cl. 
" 14. Ayrshire, Southern District. 3d. 

15. Dumfriesshire, N. 'iN. ; Ayrshire, S.E. ; and Lanarkshire, S. 3d. 
" 21. Buteshire (Arran, Central, and N. and f'. Bute), Argyllshire, Ayrshire 

(parts of). 48. 
2:2. Ayrshire, Northern District, and parts of Renfrewshire and Lanark

shire. 3d. 
" 2:3. Lanarkshil'e, Central Districts. Is. 
" 24. Peeble8shil'e, Lanarkshire, Edinburghshire, Selkirkshire (parts of). 3d. 

31. Lanarkshire, N. ; Stirlingshire, S. ; Linlithgowshire, W. 28. 3d, 
" :32. Edinburghshire and Linlithgowshire. Out of print. New edition in 

prepara tiOll. 
" :~·t Eastern Berwiekshire. 26. 
" 75. Inveruess-shire, Elginshire, Banfishirc, Aberdeenshirc (parts of). 18. 6d. 
" 76. Aberdeenshire, Central. Is. 

85. Elgillshire, Banffshire, Aberdeenshire (parts of). 18. 6d. 
" 87. Aberdoenshire and Ballffshire (parts of). 9d. 
" 97. Northern Aberdeenshire. Eastern Banffshire. 4d. 

A (ielailed Catalogue may be had on application to Messrs. T. MENZIES &; 00., Rose Street, 
Edinburgh, or 90 West Nile Sh'eet, Glasgow. 
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