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PREFACE.

The present volume deals principally with the stratieraphical and
palseontological characteristics of the Upper Chalk. It forms
the third and concluding volume of Mr. Jukes-Browne's mono-
graphic work on the Upper Cretaceous Kocks of England. After

givmg a general account of the Upper Chalk, the author describes

the stratigraphical features of this stage as it is developed in

different portions of the country, and the several chapters of this

part of the work have been made to coincide as nearly as

possible with county divisions, for convenience of reference. On
this as on previous occasions the Geological Survey has received

great assistance from Mr. William Hill, whose detailed investiga-

tions on the microscopical structure and composition of the

different zones of the Upper Chalk are pubhshed in the present

volume. The concluding chapters deal with the physical

features, economic products and hydrographic characteristics of

the Chalk formation as a whole.

A work of this kind is necessarily based to a great extent on

the labours of previous observers, and a general bibliography re-

lating to the Upper Cretaceous Rocks of England, therefore,

finds a fitting place at the end of the present volume, which is the

last of the series.

In this preface it is unnecessary to refer to the earlier workers,

who have laid the foundation of our knowledge of the Upper
Chalk, but it is impossible to avoid all reference to the brilliant

researches of Dr. Arthur Rowe, whose papers have been published

during the preparation of this volume. The result of these

researches, which have greatly extended our knowledge of

the White Chalk of England, have been incorporated as far as

possible in the present volume, but the original papers are so

concise and so admirably illustrated that they must be consulted

by all future workers on this formation.

The preparation and revision of the General List of fossils

found in the Chalk has occupied a great deal of time, and it is

hoped that the information thus brought together as regards the

zonal range and the geographical distribution of the fossils will

be appreciated by students of the Cretaceous fauna.

The fossils collected by the Survey have been named by Mr.

E. T. Newton with the assistance of Mr. H. A. Allen and Dr. F. L.

Kitciiin, and Mr. Newton has revised the synonymy in the

General List and in the other lists throughout tbe volume.

6821. 750—Wt. 3932. 12/03. Wy. & S. 9889-. a 2



IV PREFACE.

The author is indebted to Mr. F. Chapman (now of Melbourne)

for examining and naming the Foraminifera and Ostracoda

which were isolated by Mr. Hill, and he likewise acknowledges most

gratefully the assistance he has received from Dr. H. P. Black

-

more, Mr. B. M. Brydone, Mr. A. Burnet (of Leeds), Mr On.

Griffith (of Winchester), Mr G. W. Lamplugh, Mr. E. Meyrick (of

Marlborough College), Dr. A. W. Rowe, Mr. J. Scanes, Mr J. W.
Stather (of Hull), Mr. W. Whitaker, Mr. H. J. Osborne White,

and Mr. H. Woods.

J. J. H. TEALL,

Director.

Geological Survey Office,

28 Jerniyn Street, London,

28th November, 1903.
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THE UPPER CHALK OF ENGLAND.

CHAPTEE I.

GENERAL ACCOUNT OF THE UPPER CHALK.

A general account of the Chalk as a whole, and of its division

into Lower, Middle and Upper Chalk, has been given in Volume
II. of this series of memoirs. The Lower and Middle stages were
described in that volume, and the present one will deal mainly
with the Upper Chalk.

Since the description of the Chalk Rock by Mr. Whitaker in

1859 (see Vol. II. pp. 5 and 359), the Upper Chalk has generally

been defined as all that part of the Chalk which overlies that

rock wherever it can be identified.

Mr. Whitaker was also the first to suggest the possibility of

sub-dividing the Upper Chalk when in 1865 he distinguished

the comparatively flintless chalk of the Margate cliffs from the

very flinty chalk of Broadstairs and Ramsgate, the superposition

of the former being so clear that he described the two divisions

under the names of Margate Chalk and Broadstairs Chalk.*
These divisions, however, were based on lithological and not on
faunal differences.

In 1870 Mr. Caleb Evans made an attempt to distinguish palseon-

tological zones in the Chalk of Surrey, but the sections he de-

scribedf only included the lowest part of the Upper Chalk. In
this, however, he fouiid two distinct life-zones : (1) that of Holaster

planus and Micraster corhovis, (2) that of Micraster coranguinwn.

In the same year appeared a paper by Mr. Dowker on the Chalk
of Thanet and East Kent,J in which he referred to the sub-divisions

previously made by PhilHps, Conybeare, and Whitaker. He gives

a complete section through the Kentish Chalk, and divides the

upper part into three stages under the following names :—

1. Margate Chalk. .^

2. Eamsgate Chalk.

3. St. Margaret's Chalk.

? The first is that which was so named by Mr. Whitaker ; the

second is the same as Mr. Whitaker's " Broadstairs Chalk," and
coincides with Phillips' " chalk with many layers of flints "

;

the third is the nodular chalk with scattered flints, which includes

the equivalent of the Chalk Rock. It is an accident that Mr.

* Quart. Journ. Geol. Soc, Vol. xxi. p. 395.

t " On some Sections of Chalk between Croydon and Oxtead.'-

Geol. Assoc, Lewes, 1870.

t Geol. Mag. Vol, vii., p. 466 (1870).



2 THE CRETACEUS EOCKS OF GKEAT BRITAIN.

Dowker's divisions correspond closely with modern zones, for he

expressly says that he " does not believe much in the evidence

of" fossil zones." .

It may safely be stated, howevei*, that without a close and
careful study of the fossils it would have been quite impossible

to identify the Ramsgate and Margate divisions in other parts of

England; because the lithological peculiarities which these

divisions present in Kent are not constant throughout the

country. All recent progress in our knowledge of the Upper
Chalk has been gained by a study of its fossils and by adopting

the zonal method of investigation. A chapter on " The Vame of

Zones in the Cretaceous System " was published in Volume I.,

and it may be asserted that the study of the Upper Chalk is

especially and essentially a study of zones.

The establishment of a succession of zonal sub-divisions in

this part of the Chalk has not been a difficult task, because the

formation is exposed in so many fine cliif sections along our
southern coast, but the establishment of such a zonal succession

is one thing and the mapping or following of each zone through
inland areas is another and much more difficult matter. It is

more difficult because it is seldom that inland exposures show
continuous sections for more than 60 or 70 feet ; because old

'

quarries become obscured by the growth of talus-slopes ; and
because only small spaces are accessible for the purpose of

collecting fossils. Hence it is often impossible to obtain a

sufficient number of fossils from an inland exposure to determine
the zone to which the chalk belongs or to ascertain whether
more than one zone is exposed.

At present, therefore, there are many gaps in our knowledge
of the inland areas of Upper Chalk, and it is chiefly by the
careful collecting of local observers that these deficiences can be
made good. Much has already been done, especially by Dr.
Blackmore, near Salisbury ; by Mr. Meyrick, near Marlborough

;

by Mr. Ch. Griffith and Mr. R. M. Brydone, in Hampshire ; by
Mr. Dibley, in Kent, and by Mr. Stather, in Yorkshire ; and to

all these gentlemen I am much indebted for their readiness to
impart information and lists of fossils. In spite of their assist-

ance, however, and of the information thus added to the observa-
tions of Mr. W. Hill and myself, we feel that much still remains
to be done before our knowledge of the inland areas of the
Chalk can be made anything like complete. Those of the
following chapters which deal with such areas must therefore be
regarded merely as contributions to such knowledge, but they
will, I hope, serve to show the lines on which further investiga-
tion will be productive of good results.

Of the sections -exposed in the cliffs of our southern coasts it

is possible to give much more complete descriptions, and in
this connection we desire to express our high opinion of the
value of the work done by Dr. A. W. Rowe, whose papers have
added much to our knowledge, and have afforded us much
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assistance, more especially in dealing with the coasts of Sussex
and oi Dorset. We also fully accept his work on the British
species of Micraster and his able discrimination of the different
forms and their varieties which have proved so useful in the
delimitation of the lower zones of the Upper Chalk.

Zonal Sub-division of the Upper Chalk.

The first to attempt a systematic zonal sub-division of the whole
English chalk was Professor Ch. Barrois, of Lille. His excellent
account of the chalk of the Isle of Wight was pubhshed in 1875,
and his larger Memoir, " Sur le Terrain Cretac^ Sup&-ieur de
I'Angleterre et de I'Irelande," in 1876. The zones into which
he divided the Upper Chalk, and which he described throughout
the South of England, as well as in Norfolk and Yorkshire, A\ere
the following :—

1. Zone A Belemnitelles.
2. Zone S. Marsupites.
3. Zone 4 Micraster coranguinum.
4. Zone 4, Micraster cortestudinarium.
5. Zone i Holaster planus.

Only the first fom- of these were grouped by him in the Senonian,
the lowest being classed with the Turonian, as was, and still is,

customary in France. It should be observed, however, that these
zones were not quite identical with those which had been previ-
ously estabUshed in France, mainly by the researches of Edmond
Hebert. These zones were :—*

1. Zone of Belemnitella mucronata.
2. Zone of Belemnitella quadrata.
3. Zone of Micraster coranguinum.
4. Zone of Micraster cortestudinarium.
5. Zone of Holaster planus.

It will be noticed that in'Hebert's scheme there is a zone of

Belemnitella (Actmocamax) quadrata, which does not appear in

that of Professor Barrois, whose zone of Marsupites would seem
to take its place. This, indeed, is reaUy the case, for although
Professor Barrois states, on p. 21 of his " Eecherches," that his

zone of Marsupites was formed at the expense of Hebert's zone
of Micraster coranguinum, and corresponds to the upper part of

that zone, yet he includes in his zone of Marsupites all the chalk

of the Sussex cliffs between Brighton and Newhaven, the chalk of

Harnham, near Sahsbury, and the flintless chalk of Yorkshire,

all of which are certainly referable, in part at least, to the zone of

Act. quadratus. Moreover, when dealing with the chalk of York-
shire, Professor Barrois recognised that the chalk which contains

MarsupiteSfActinocamax Merceyi ( = A.granulatus), and Act. quad-

ratus is the equivalent of the " quadrata " chalk of Germany, and
he remarks :

*' I consider it therefore as proved that the zone of

* Geol. Mag., Vol. vi. (1869), p. 200, and Bull. Soc. Ge'ol. de France, Ser. 3,

T. iii. p. 595 (1875).

6821 A 2
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Marsupites in England corresponds to the Senonien a Bel. quadrata

in the north-west of Germany." (Eecherches, p. 199.)

The fact is that Barrois' "zone d Belerrmitelles "was really the

zone of Belemnitella mucronata only, and did not include that of

Act. quadratus (as may be seen from the table at the end of this

volume) ; while his zone of Marsupites included a great thickness

of chalk in which Marsupites have never been found, but in which

both Act. quadratus and Act. granulatus are common.

At the same time, full credit must Ije given to Professor Barrois

for being the first to demonstrate the wide extension of the chalk

which does contain Marsupites, and for correctly indicating its

position between the flinty chalk of the Micraster coranguinum

zone and the chalk in which Belemnites are common ; for it had

previously been supposed that the Margate Chalk was of about

the same age as the Norwich Chalk.

The careful collecting of fossils near SaUsbury by Dr. H. P.

Blackmore and Mr. E. Westlake, as well as in Kent and Sussex

by Dr. A. W- Rowe and Mr. C. D. Sherborn, has fully estabhshed

the position of the Marsupite chalk. There is now no doubt that

both Marsupites and the allied genus Uintacrinu^ are restricted

to a certain thickness or zone of chalk, and that these peculiar

Crinoids are associated with a small but distinct zonal fauna.

The zone of Actvnocamax quadratus, has also undoubtedly a

fauna of its own, which is distinct from that of the underlying

zones, and from that of the overlying Bel. mucronata zone. It

can be recognised wherever a suflicient thickness of chalk emerges

from beneath the transgressive and imconformable Eocene Series.

In 1878 Prof. Barrois himself acknowledged the existence of this

zone in France,* and it has been recognised in England by Mr.

Westlake,t by Dr. Blackmore,t and by Dr. A. W. Eowe.H

In his Memoir on the Ardennes, Professor Barrois retained

a zone of Marsupites, and referred the chalk of St. Omer to this

zone, although no remains of Marsupites have yet been found there.

He still considered, however, that his zone of Marsupites was

formed at the expense of Hebert's zone of Micraster coranguinum,

and he proposed to designate the lower part of this chalk by the

name of Inoceramus involutus, these two zones making up an
" assise k M. coranguinum " thus—

Zone of Marsupites 1 . . ^ ,,
_ , T T 1.

(-Assise of M. coranguinum.
Zone of In. involutus

j

^

* Le Terrain cretac^ des Ardennes, Ann. See. Geol. Nord, T. v. p. 480.

t Tabular Index to the Upper Cretaceous Fossils cited by Dr. Ch. Barrois

Fordingbridge, 4to. (1888).

I Notes on the Aptychi from the Upper Chalk, Geol. Mag., Dec. 4,

Vol. iii. p. 529 (1896).

II
The Zones of the White Chalk of the English coast, I. Kent and Sussex,

Proc. Geol. Assoc, Vol. xvi. p. 290 (1900). II. Dorset, Id. Op. vol. xvii., p. l

1901).
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It does not, however, seem at all certain whether the French
equivalent of the Maraupite chalk was really included in Hebert's
zone of Micr. coranguinum* but in any case I prefer the plan
adopted by Professor Barrois in his " Recherches," where he retained
the term " zone of Micraster coranguinum " for the chalk below
the Marsupite zone.

With respect to the lower zones, these have already been dis-

cussed inVol. II. p. 360, where it was explained thatthearrangement
adopted on the maps of the Geological Survey will also be em-
ployed in this Memoir. This arrangemenit includes the Chalk
Rock and the zone of Holaster planus in the Upper Chalk.
The highest chalk in England is found on the coast of Norfolk

near Trimingham and Mundesley, and as tliis contains a special

fauna of its own we propose to separate it as the zone of Ostrea

lunata.

In this Memoir, therefore, the Upper Chalk will be regarded as

consisting of the following zones :—

(Zone of Ostrea lunata.

Zone of Belemnitella mucroTiata,

Zone of Actvrwcamax quadratus.

Zone of Marsupites testudynarms.

. [Zone of Micraster coranguvnum.

I Zone of Micraster cortestudinarium,^

IZone of Holaster planus.

It will be seen that we have grouped the three lower zones as a

division A, and the four upper zones as division B, and we have
done so to mark our belief that the Upper Chalk includes more
than one division of the value of a stage. The fauna of group A,

regarded as a whole, contains many species and varieties which
do not range up into the beds of group B, while others occurring

in the higher zones do not occur below. Division A is essentially

the chalk with Micrasters, and division B is essentially the chaUc

with Belem/nites.

Our knowledge of the several faunas, however, is not yet suffi

ciently complete to enable us to say precisely where a line could

best be drawn between the two divisions or stages, and it is possible

that some modifications of the zones will have to be made before

two such stages can be established. Moreover, if such a division

be found natural and desirable the existing nomenclature of the

chalk will have to be abandoned, for the formation will then be

divided into foxu: parts instead of three, so that the names Lower,

Middle, and Upper could no longer be retained. The time has

hardly yet arrived for this change to be made, but Mr. Hill and I

* M. de O-rossouvre has recently, shown that the zone of armpites is

1 (equivalent of his zone of Plac'enticeras syrtale and that It lies below

the Act. quadratus zone. See his Recherches sur la Craie Superieur, p. 799

(1901).
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wish to express our belief that it will come, and that some scheme

of nomenclature more resembling that of the French geologists

will have to be adopted for the Upper Cretaceous Series of England.

Zone of Holaster planus.

This zone was first distinguished from the overlying chalk near

Dieppe by Professor Hebert in the year 1866,* and in 1869t he

recognised the same horizon in the Chalk Rock described by Mr.

Whitaker. He was also the first to recognise its equivalent, in

the cUffs near Dover, which he described in 1 874.| It there forms

the lower part of the St. Margaret's Chalk of Mr. Dowker, and

the " chalk with interspersed flints " of W. Phillips.

The zone was adopted by Prof. Barrois in 1876, and a zone of

Holaster planus has been accepted by all subsequent observers,

though there have been differences with regard to its Umits.

The chalk of this zone varies much, both in its lithological cha-

racters and also in its fossil contents ; in fact, it presents three very

different facies in different parts of England, and these may be

called the southern, the midland, and the northern facies.

The southern facies, well exposed at Dover, exhibits a series

of alternating harder and softer beds, the former consisting of

lumps of hard, compact chalk set loosely in a softer matrix. These

lumps have a yellowish tinge and have a tendency to form layers
;

sometimes, indeed, being so closely packed as to form a hard, rocky

layer. The softer beds between are either greyish white or are

streaked with grey. Plints occur throughout, generally scattered,

and seldom forming a regular continuous layer. This facies

occurs all round the Wealden area, through Hants and the Isle of

Wight, and with slight variations into South Dorset and Devon.

Another facies, that of the Chalk Rock, ranges along the main
outcrop from the north of Dorset to Cambridgeshire, and this

rock must be considered as a condensed equivalent of the southern

type, for it is sometimes not more than 4 or 5 feet thick. The
Chalk Rock proper must be distinguished from the Chalk Rock-
beds, which often exhibit a lower and an upper rock-bed separated

by a variable thickness of loose nodular chalk.

The Chalk Rock in its most solid form consists of several beds
of hard compact limestone, each terminating upward in a layer

of green coated nodules of compact yellowish and slightly phos-
phatic limestone. It frequently contains glauconite, and sometimes
the grains are so numerous that it may be described as a glauconitic

limestone. It is very variable in thickness and in its aspects, as

* Comptes Rendus de I'Aca'd. des Sciences for 1866.
t See Geol. Mag., Vol. vi. p. 200. (1869).

t Bull. Soc. G^ol. France. S. 3. Vol. ii. p. 416.
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well as in the number of fossils it contains, these being abundant
in some places and very rare in others. Flints seldom occur in the
Chalk Eock, except in that of Wilts and Dorset.

The third, or northern, facies is found in Norfollc, Lincolnshire
and Yorkshire. In Norfolk it appears as a band or zone of rather
hard white chalk with frequent layers of flints, but without any
nodular beds or other special features. In Lincolnshire there is a
zone of similar chalk. In Yorkshire there is a great thickness of

very hard white chalk which is nearly homogeneous, lies in thick
beds, and contains frequent layers of flints which are grey or grey-
ish black inside.

The characteristic fossils of this zone, and especially of the Chalk
Rock, are

—

Heteroceras reussianum, Ammonites [Pachydiscus]
peramplus, Scaphites Geinitzi, Trochus Schliiteri, Solariella

gem'mata(= Turbo gemmatus), Holaster planus, Micraster Leskei,

and Camerospongia campanulata.

Zone of Mieaster eortestudinarium.

We have retained this zone because it can sometimes be dis-

tinguished from that of Holaster planus, but we doubt whether
its fossils really form a separate zonal assemblage and think that in
the future it may be found more in accordance with the facts of
the case to consider the two as forming one zone, in which two
sub-zones can sometimes be recognised.

The zone of Micraster eortestudinarium was established in

France by Professor Hebert (1866) and was also identifled by him
in the Dover cliffs (1874).* Its wider extension through England
was indicated by Dr. Barrois in 1876.t It coincides with the upper
part of what W. Phillips called " the chalk with interspersed flints

"

at Dover, which was subsequently called the St. Margaret's Chalk
by Mr. Dowker.J

In the south of England the chalk of this zone is practically

a continuation of the zone of Holaster planus, and its iipper hmit
is not always very clearly marked. Moreover, there are few fossils

which a.re specially characteristic of it ; the Micrasters which
occur have certain special features, and belong to the prcecursor

group of Dr. Rowe;§ some of the varieties resemble M. eortes-

tudinarium in many respects, but few of them have the breadth

and depressed outline of Goldfuss' type of that species. Holaster

placentais a specieswhichboth Professor Hebert and Dr.Rowehave
have found to be not uncommon in this zone near Dover, in Sussex

and in Dorset, but we do not yet know whether it occurs in other

* BtoU. Soc. G^ol. Franc, Ser. 3, Vol. ii. p. 416.

+ Recherches sur le Terr. Cret. Sup. de I'Angleterre, Lille (1876)

J See Geol. Mag., Vol. vii. p. 466 (1870).

§ Quart. Jourh. Geol. Soc, vol, Iv. p. 530. (1809).
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parts of the country. Holasler planus is also found, but not so

commonly as in the zone below.

Dr. A. W. Rowe is of opinion that in the south of England this

zone can always be distinguished from that of Holaster planus

by the character of the Micrasters. Micraster Leskei and M. cor-

bovis do not occur, but special varieties of M. prcccursor and

M. cortestudinarium are common. He says, "We find no Mi-

craster with ' smooth ' or ' sutured ' ambulacra in this zone, but

they are all of the ' strongly inflated,' or more commonly of the

' sub-divided ' type. This applies equally to broad and narrow

forms."*

Where Micrasters are sufficiently abundant they will, if closely

studied, doubtless serve to distinguish this from the zones aboVe

and below, but where Micrastei's are rare, as in some counties,

this evidence fails us ; and Dr. Rowe does not mention any other

fossil which would assist us in distinguishing the two zones, it

is true that several species which are common in the zone of Hoi.

planus, such as Terebratula carnea, and Pentacrinus Agassizi,

are rare or absent in the upper zone, but the fact remains that there

are many inland locaUties where it is difficult to distinguish one

zone from the other.

In the south of England this zone consists in the lower part

of rough nodular chalk, often greyish-white or white with grey

streaks and bands. The flints in this part are generally compact

and solid, either black or grey inside, and often with a thick white

rind. The higher part of the zone consists of firm whitish chalk,

often rather rough and lumpy, never quite homogeneous, and

frequently stained yellow in the cracks. Layers of hard nodular

chalk occur at intervals. Its ffints are often of the carious type—

that is to saj% they are full of holes and cavities, with a rough ex-

ternal surface, and generally contain remains of Sponges. With
these are some solid dark-grey, flints, which also contain many
sponge spicules. The flints are for the most part scattered ir-

regularly through the Chalk, but in the higher portion of the

zone layers of flints occur, and there are also some continuous

layers or floors of flint.

In the valley of the Thames and in the counties to the north-

ward this zone consists chiefly of smooth white chalk, nodular

beds occurring only at distant intervals ; moreover, fossils are

scarce in it, so that it is difficult to determine where it begins or

ends. Still further north, in Norfolk, Lincolnshire, and Yorkshire

there are no nodular beds, and fossils are equally scarce, so that

the same difficulty exists.

* On the Zones of the White Chalk of the English Coast, Proc. Geol.
Assoc. Vol. xvi. p. 309 (1900). For the characters of the Micrasters, see

Dr. Rowe's Memoir in Quart. Journ. Geol. Soc, Vol. Iv., p. 494 (1899),
and the brief descriptions given hereafter on pp. 22 to 27.
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Zone of Micraster Coranguinum.
A zone of Micraster coranguinum was first established b}' Hebert

in 18G3,* to include all the chalk between the zone of M. cortes-

tvdlnarium and that which contained Actinocamax quadratus,

but he afterwards divided it into two parts, the lower of which he
called the " chalk with banded flints" (silex zones), and the upper
was (in France) " chalk with cavernous flints " (silex carids).

In England, however, cavernous flints are most abundant in the
lower part of the zone, and banded flints higher up, so that, as Pro-

fesser Barrois pointed out in 18T8.f the characters of the flints are

not maintained over large areas, though they are useful within
limited districts.

The chalk of this zone is generally pure white, firm and homo-
geneous, but some beds both in the lower and upper part of it are

full of fragments of Inoceramus-shell, some large, and some small,

and even when these are too small to be visible to the eye, they
give a character to a slide of this chalk under the microscope.

The fossils which are usually to be found in this zone are Micraster

coranguinum and its variety latior, Galerites albogalerus,

Ejdaster gibbu^, Gidaris sceptrifera, C. perornata, Inoceramus

involutus, and in the south of England the small Actinocamax

verus occasionally occurs in the highest part of the zone, but

other Belemnites are rarely found.

The flints are ver}' numerous, occurring chiefly in regiilar layers

at short distances apart, and there are also continuous seams or

floors of flin t. In the lowest beds various flints containing remains

of Doryderma ramosum are frequent, and above them there are

often beds which contain the" silex h zones nuageuses " of Professor

Barrois, solid black or brownish flints which have a milky white

band or zone near the outer margin, but separated from it by a

margm of ordinary dark flint. The highest beds in Wilts and

Borset have flints with thick rinds which often consist of separate

grey and pink layers, and thus have an agate-like appearance.

Zone of Marsupites testudinarius.

The zone of Marsupites was founded by Professor Barrois in

1876, as already mentioned. The chalk of which it consists is soft

white, homogeneous and brittle. Sometimes it is massive and

traversed by long joints, sometimes it is distinctly bedded, and

includes many thin seams of marl.

It always contains fewer flints than the zone below, and sometimes

(as at Margate and in Yorkshire) it is almost destitute of flints.

When flints occur they are always solid and black inside, with a

white rind or cortex, but the thickness of this rind varies ; in

Eastern Sussex it is thin, but in Wilts, where the zone is much

* Bull. Soc. G60I. de France, Ser. 2, Vol. xx. p. 609.

+ Terrain Cr^tac6 des Ardennes, Ann. Soc. Geol. Nord, T. v. p. 445.
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thicker, the flints iu the lower part have hardly any rind at all,

wliile those in the upper part have a thick, dull white rind from a

third to more than half_an inch thick.

_ rr|_^,hp. south of England the depth or thickness of this zone

Teems to be from 90 to 120 feet, but in Yorkshire there is about

400 feet of flintless chalk which seems to be referable to it.

The most characteristic fossils of the zone besides Marsupites

are Uintacrinus westfolicus, Echinocorys scutatus, var. pyramidatus,

Actinocamax verus, Act. granuldtus ( = A. Merceyi), Ammonites

[Haploceras] leptophyllus, and a species of Terehratulina recently

described by Dr. Kitchin as Ter. Rowei. In the south of England

the zone seems to be always divisible into a lower and an upper

part ; the lower part is termed by Dr. Eowe* the Uintacrinus

Band, and the upper part the Marsupites Band, from the re-

stricted occurrence of the plates of these Crinoids. In the same

way Act. verus only occurs in the lower band and 'Act. graiiulatus

chiefly in the upper band.

This zone has been recognised in Kent, Sussex, Hampshire,Wilt-

shire, Dorset, the Isle of Wight, Suffolk, Norfolk and Yorkshire.

It probably exists beneath some parts of the London Basin, but

the only places within the cincture of that b.isiti where

Marsupite plates have yet been found are Margate in Kent,

Chinham in Hants, and Monks Eleigh in SufTolk.

Zone of Actinocamax quadratus.

This zone, originally known as that of Belemnitella quadrata,

was recognised by Strombeck in Germany about 1855, and by

Hebert in France in 1863,t but it was not till 1869, that it was

definitely separated from the Meudon chalk or zone of Belemnitella

'rrmcronata in the Paris Basin. Professor Barrois recognised its

existence in Yorkshire in his " Kecherches " of 1876, but not in the

south of England, where its establishment has been due primarily

to Dr. H. P. Blackmore and Mr. E. Westlake, and where it has been

studied more recently by Dr. A. W. Rowe.|

The chalk of this zone is white, firm, and regularly bedded, and

in the east of England it contains numerous thin seams of marl.

Generally, also, it has many layers of flints, but these are never so

close together as in the zone of Micraster coranguinum, being

seldom less than 3 feet apart, and often only at intervals of 6, 8, or

9 feet. Thin seams of continuous flint are common in this chalk,

and some oblique fissures are also filled with flint. The flints are

always solid and black inside, and generally have a moderately

thick rind from J to J of an inch deep. Sometimes, however,

or perhapsin some parts of this zone, the flints have very thick

white rinds. In Sussex Dr. Eowe found the rinds to be generally

pink.

* The Zones of the White Chalk, Proc. Geol. Assoc, Vol. xvi. p. 296.

t Bull. Soc. G&l. de France, Ser. 2, t.xx., p. ft65.

t For references, see pp. 81 and 97.



GENERAL ACCOtTNT. • 11

The zone of Act. quadratus lias been traced throughout the Hamp-
shire Basin from Sussex to Dorset ; it emerges from beneath
the overstep of the Eocenes in Suffolk, and can be followed thence

to the north coast of Norfolk. Its further extension lies chiefly

berfeath the sea outside the coast of Lincolnshire and Yorkshire,

but comes into the olifTs again near Bridlington, and forms the

upper part of the flintless chalk of Yorkshire.

Dr. Rowe states that the passage from the zone of Marsupites
to that of Act. quadratus in Sussex is marked by a kind of neutral

band, in which neither Marsupites nor Ofaster pillula are found,

but in which ActinocaTnax granulatus occurs, a species which is

common to both zones ; this neutral band is about 20 feet thick.

Fossils are not always abundant in this zone, and the

characteristic Belemnite appears to be rare in the lower beds, but

Offaster pillula ranges from base to summit, and is generally to be

found, occurring at some horizons in great abundance. Belem-

nitella lanceolata occurs in some districts, and Dr. Eowe observes

that a species of Bourgueticrinus, not yet described, is characteristic

of this zone. He also mentions certain Bryozoa as good zonal

guides, especially YiTicularia santonensis and EscJmra Banae,
and a special form of Cribrilina.

From the above it will be seen that in England the Belemnite

from which the zone has been named is not a very good index or

^uide fossil,while Offaster pillula is common, and is almost restricted

to the zone. On this point Dr. Rowe remarks—" Were not Belem-

nitella mucrorMta such an excellent name-fossil for the zone above,

thus giving a continuity between the two species, it would be much
better to do away with the present name for the lower zone as far

as England is concerned."* He suggests that it might be called

the zone of Offaster pillula, and that it may admit of division into

two sub-zones, a lower characterise dby Actinocamax granulatus,

and an upper by Act. quadratus. This proposal has much to

recommend it, but in the present memoir I have' thought it best

to retain the original name of the zone.

Zone of Belemnitella mucrouata.

The zone of Bel. mucronata has been long established both in

Germany and France. In France it is also known as the Chalk
of Meudon, and in England its best known exposure is the Chalk
of Norwich. It was first recognised as a zone in this country

by Professor Barrois, though he did not clearly separate it from
the zone of Act. quadratus. His zoTie d Belemnitelles does, however,
consist for the most part of the Bel. mucronata chalk, which is

certainly distinguishable from the zone of Act. quadratus.

The chalk of this zone is soft, white, and pure. Flints are

not very abundant, at any rate in the lower part, where they

* I'roc. CJsoI. Assoc, \'ol. xvi.,
i.

IU5
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are always small ; in the higher part they are more numei'ous,

aad very large cup-shaped or cylindrical flints sometimes occur

of the kind which have been called " Paramoudras."
It is only in the central parts of the Cretaceous basins that

this zone is found,"and the thickness exposed varies greatly because

of the unconformity between the Cretaceous and Eocene systems.

In the Hampshire basin its maximum thickness is probably 250

feet. It has apparently been entirely removed from the southern

part of the London Basin, and is only found again in the

northern prolongation of that basin, i.e. in Norfolk, where its full

thickness must be present, although its surface is for the most

part hidden beneath the Crag and Drift deposits.

As to fossils, Belemnitella mucronata is so common that it may
almost always be found in a good exposure of this chalk, Bel.

lanceolata is also common in Dorset and in the Isle of Wight.

Magas pumilus and Rhyrwhonella lirribata are of frequent

oscurrence, and Dr. Blackmore informs me that in the Hampshire
Basin Crania egnabergensis, var. costata, is specially characteristic

of this zone. Cardiaster anamchytis is not rare; spines of

Cidaris serrata and G. subvesiculosa are sometimes common, and
a thin-shelled Micraster, considered by Professor Barrois to be

M. Brongniarti occurs in Dorset, but is rare.

Zone of Ostrea lunata.

This zone is now proposed for the first time in order to separate

the chalk, exposed on the coast of Norfolk, near Trimingham
and Mundesley, from the rest of the English Chalk. Not onty
are these beds the highest and newest chalk in England, but
they contain a fauna which differs from that of the Norwich
chalk, and includes some species which are common in the chalk

of Eilgen and Maestricht. The flints which they contain also

differ from those of the Norwich chalk, being for the most part

small, and having a rough outer surface ; many are hollow, and
are filled with a greyish chalk, which is rich in sponge spicules,

foraminifera, and other small fossils.

Ostrea lunata abounds in this chalk, and other characteristic

fossils are Pecten serrat , Galerites ahbreviatus (=G. Roemeri),

Trochosmilia cornricopice, Thecidium vermiculare, Terd)ratulina

Gisei, and the large typical form of Terebratuliha gracilis,

which is not found elsewhere in England. There are also a
number of Bryozoa, many of which do not occur elsewhere
in England.

Unconfokmity of the Eocene.

The top of the Upper Chalk is not to be found anywhere in

England, and a study of the Upper Chalk zones has proved that
the Eocene is completely unconformable to the Chalk, resting

in some districts on the zone of Bdemnitdla mucronata, some-
times on that of Act. quadratus, sometimes on the zone
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of Marsupites or Margate Chalk ; and in places on the zone of

Micraster coranguinum, as in Surrey, Berkshire and Oxfordshire.

There are only two areas where anything like a complete

succession of the Senonian zones is to be found, and these are

the Hampshire Basin and Norfolk, but all the zones except that

of Belemnitella mucronata seem also to be represented in the

Upper Chalk of Yorkshire. The London Basin was an area

of upheaval and erosion before the deposition of the Eocene, so

that 200 or 300 feet of chalk appear to have been removed
from it in the interval between the formation of the highest

English Chalk and the lowest English Eocene.

Under these circumstances we cannot treat the Upper Chalk
zones quite in the same way as those of the Lower and Middle

Chaik. It will be more convenient to describe the development
of the zones in the three areas mentioned above separately.

In the Hampshire Basin we shall describe the Upper Chalk

of Sussex, South Hampshire, South Wilts, Isle of Wight, Dorset,

and Devon. Then tliat of the counties which border the London
Basin will be described, and finally that of Lincolnshire and York
shire, so far as those counties have been examined.
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CHAPTEK II.

FOSSILS OF THE CPPER CHALK.

The fauna of the beds which are in this memoir grouped as

Upper Chalk is a very large one. It has been pointed out indeed

in a previous vohime that if a classification of the Chalk into three

stages were based entirely on palseontological grounds the line

between the Middle and Upper Chalk would not be drawn at

the base of the zone of Holaster planus, but at some horizon above

it. Thus, there are so many species which become rare or die out

in the lower part of the M. coranguinum zone that th« fauna of

the lowest part of this " Upper Chalk " st^ds by itself, and in

noticing the principal fossils of the division as a whole it will be

convenient to mention first those which are found in the lower

beds, and then those which occur chiefly or solely in the higher

beds. By the phrase higher beds must be understood the upper

part of the M. coranguinwm zone and all that lies above it.*

Reptilia.—In the lower beds some of the Lower Chalk Eeptiles

still survive, such as Cimoliosaurus Bernardi and Polyptychodon

interruptus. In the higher beds Mosasauroid Eeptiles make
their appearance, the most important being Leiodon anceps and
Mosasaurus Camperi.

Pisces.—A great many of the fish found in the Lower and
Middle Chalk range up into the Upper Chalk, even into the higher

zones. A few species, however, are either more abundant in

or restricted to the Upper Chalk ; these are Corax afpnis, Corax
pristodontus, Ptychodus Oweni, Synechodus dubrisiensis, and Belo-

nostomus cinctus.

Cephalopoda.— Of these, the following species occur in the

lower beds, and are specially characteristic of the Chalk Eock :—

Ammonites [Prionocyclus] Neptuni, Geinitz.

,, [Pachydiscus] peramplus, Mant. (Fig. 1.)

Raculites bohemicus, Friisch

Heteroceras reussianiim, d'Orb. (Fig. 2.)

Ptychoceras Smithi, Woods
Scaphites Geinitzi, d'Orb.

Besides these. Nautilus sublcevigatus, d'Orb. A^ feuriausianus,
d'Orb. and Crioceras ellipticum, Mant. range up from the Lower
Chalk.

* This distinction coincides with the distribution of the Micrasters
into a low zonal and a high zonal series, according to Dr. Eowe. See
Quart. Journ. Geol. Soc, Vol. Iv., p. 512.
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Uppee Chalk Fossils (Lower Zones).

Fig. 1.—Ammonites [Pachydiscus] peramplus, Momt. (nat. size, middle-aged
specimen), a, side view ; h, front view.

, 2.—Heteroceras reussianum, 6!0rh. (nat. size).

„ 3.—Solariella gemmata, Sow. (Turbo gemmatus) (nat. size).

„ 4.—Micraster cortestudinarium, Goldf. (nat. size), a, apical view
6, side view.
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In the higher beds the following species are found:—
Ammonites. [Haploceras] leptophyllus, Sharpe

„ „ icenicus, Sharpe

„ [Lytoceras] Jukesi, Sharpe
Baculites Faujasi, Sow.
Actinocamax granulatus, Blainv. ( = Merccyi, Maysr)

„ quadratus, Defr. (Fig. 17.)

„ Toucasi, Janet (very rare).

„ verus, Miller

Belemnitella lanceolata, Schloih.

,, mucronata, Schloih. (Fig. 18.)

Gasteropoda.— Shells of this class are very rare in the higher

beds, but are rather common in the Chalk Rock, of which the

following species are characteristic :—

Avellana cf. Humboldti, Miillet

Cerithium Saundersi, "Woods

Natica vulgaris, Reuss
Solariella gemmata, Sow. [Turbo] (Fig. 3.)

Trochus Schliiteri, Woods
Turbo Geinitzi, Woods
Dentalium turoniense, Woods

Besides these Aporrhais Mantelli,Gard. and Emarginula Saiwlw-

Catharinw, Passy, range up from Lower Chalk, and Pleurotomaria

perspectiva, Mant. ranges into the highest beds.

Lamellibranchiata are abundant in the Upper Chalk, and
the following species range through both lower and higher beds :

—
Ostrea canaliculata, Sow.

„ semiplana, Sow.

„ vesicularis, Lam.
Lima Hoperi, Sow. (Fig. 28.)

„ granoaa, Soiv.

Spondylus dutempleanus, d'Orb.

„ latus, Sow.

„ spinosus, Sow.
Septifer lineatus, Sow. (=Modiola Cottae, Roemer)
Pecten cretosus, Defr. (=P. nitidus, Mant.) (Fig. 25.)

In the Chalk Eock beds there are a few species which do not

seem to range higher, such as Cardita cancellata, Woods, Cyprina
qvMlrata, d'Orb., Trapezium trapezoidalis, Roem., Martesia
rotv/nda, Sow., and Cuspidaria caitdata, Nilss.

Of species which occur solely or most commonly in the higher

beds the following may be mentioned :—

Inoceramus digitatus, Sow.

„ involutus. Sow. (Fig. 24.)

„ latus, Mant. (non d Orb.)

Lima laeviuscula, Sow.

„ granosa, Gold/.

Ostrea acutirostris, Nilss.

„ lunata, Nilss. (Fig. 27.)

„ wegmanniana, d'Orb*

Pecten mantellianus, d'Orb, (Fig; 26.)

„ Nilasoni, Goldf.
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Upper Chalk Fossils (Lowbe Zones).

Fig. 5.—Holaster planus, Mant. (nat. size), a, apical view ; b, side view.

„ 6.—Micraster Leskei, Desm. (nat, size), a, basal ; b, apical view.

„ 7.—Rhynchonella reedensis, Eth. (nat. size), a, front view ; 6, dorsal

view.

„ 8.—Ventriculites mammillaris, T. Smith (nat. size).

„ 9.—Camerospongja campanulata, T. Smith (nat. size).

6831 B
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iTwcerarmis inwolutus, Sow., occurs in the middle part of the

division (zones of M. cortestvdmarvumi, M. coranguinmn, and

Marsupites).

Brachiopoda.—Most of the species of this group which occur

in the Upper Chalk range throughout or nearly so, such are Tere-

bratula carnea, Sow. (Fig. 16), Ter. semiglobosa, Sow., Crania

parisiensis, Defr., Kingena lima, Defr., Rhynchonella plicatilis.

Sow. (Fig. 22), R. reedensis, Eth. (Fig. 7), and Terebratulvna

striata, Wahl. None are confined to the lowest beds, but the

following are characteristic of the higher zones :
—

Crania egnabergensis, Setz., var. costata, Sow.

Magas pumihis, Sow.
Ehynchonella limbata, Schliiter. (Fig. 23.)

Terebratulina gracilis, Schloth. (type form Fig. 19.)

„ Rowei, Kitchin.

Qisei, Hag. (Fig. 20.)

Thecidium vermiculare Schloth.

Trigonosemus elegans, Konig.

Bryozoa are very abundant in some parts of the Upper Chalk,

especially in the zone of M. cortestvdinarium, in the lower part

of the M. coranguinum zone and in the zone of 0. lurvata. Mr.

(jamble, of Chatham, has obtained a large numbier from the

Chatham quarries and they are equally abundant at many other

localities. Many of the adherent forms range throughout the

Upper Chalk, but some appear to prevail at certain horizons, and
when they have been more fully studied they may prove to have
zonal limitations. The following are some of the commoner
species :—

Stomatopora gracilis, Edw.

„ Dixoni, Vine
Diastopora papillosa, Beuss.

Proboscina ramoaa, Mich.
Entalophora proboscidea, Edw.
Ceriopora polymorpha, Goldf.

Pustulipora pustulosa, Goldf.

Petalopora pulchella, Roemer.

Homceosolen ramulosus, Mant.
Lunulites cretaceus, Defr.
Eschara Acis d'Orb.

„ Danae, d'Orb.
Reticiilipora obliqua d!Orb.

Desmepora semicylindrica, Roemer
Vincularia disparilis d'Orb.

„ santonensis, 6!0rb.

Crustacea.—Members of the order Girripedia are fairly

common in the Upper Chalk, belonging to the genera Pollicipes

and Scalpellum. Of Decapoda Enoploclytia Leachi, Mant. and E.
sussexensis, Mant. are found occasionally.

Annelida are very abundant, and a number of small species

occur on the tests of the larger Echinoderms, and on the shells

of Oysters and Inocerami. Among the most frequent species

are :—

Serpula ampullacea, Sow.

„ carinata, Woodw.
„ fluctuata, Sow.

„ granulata, Sow.

,, macropus, Sow.

Serpula ilium, Sow.
„ plana, Woodw.
„ plexus, Sow.
„ vortex Woodw.
„ turbinella, Sow.
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TJppEK Chaxk Fossils (Higher Zones).

Fig. 10.—Micraster coranguiniim, Leske (nat. size), a, apical view ; b, side
view.

„ 11.—Offaster pillula, Lam. (twice nat. size), a, apical view ; b, basal
view ; c, anterior end.

,, 12.—Cyphosoma Koenigi, Mant. (nat. size). Lower (oral) surface.

6821 2
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Echinodermata.— Eohinoderms form a conspicuous feature

in the fauna of the Upper Chalk. A certain number are con-

fined to, or commoner in, the lower beds. These are :—

Cyphosoma radiatum, Sorig.

Holaster planus, Mant. (Fig. 5.)

„ placenta, Ag.

\
Micraster Leskei, Desm. (=M. breviporus, Ag.) (Fig. 6.)

„ prsecursor, Rowe
„ cortestudinarium GoZd/. (Fig. 4.]

Among the Echinoidea which either range throughout the

Upper Chalk or are commoner in the upper zones, the following

may be mentioned :—

Echinocorys scutatus, Leske. (Fig.13.)

Cidaris clavigera, Konig
„ perornata, Forbes

„ sceptrifera, Mant.
„ subvesiculosa, d'Orb.

Cyphosoma coroUare, Klein

„ Kcenigi, Mant. (Fig. 12.)

Galerites albogalenis, Leske. (Fig. 14.)

Micraster coranguinum, Leske.

(Fig. 10.)

Cardiaster ananchytis, Leske
Infulaster excentricus, Kose
Hagenovia rostrata, Forbes

Oflfaster piUula, Lam. (Fig. 11.)

Epiaster gibbus. Lam.
Salenia geometrica, Ag.

The Crinoidea are represented by Bowrgueticrvrms ellipticvs,

Miller, which has a long range, perhaps from base to summit,
Marsupites testvdmarvus, and Uintacrinus westfalicua, which
have a very restricted range. The plates of Uiniacrinus differ

from those of Marsupites in being irregularly polygonal and in

having strong ridges on the inner surface.

Asteroidea, or Starfish, are also abundant, the detached ossicles

being very common, but more or less perfect specimens are not un-

frequently found. The species seem to have a wide range, and those

best known are the following :
—

Metopaster Mantelli, Forbes

„ Parkinsoni, Forbes

„ zonatus, Sladen

„ uncatus, Forbes

Oreaster bulbiferus, Forbes

Oreaster pistilliferus, Forbes.

Mitraster Htinteri, Forbes

„ rugatus, Forbes
Pentagonaster megalopla;x, Sladen
Pycnaster angustatus, Forbes

Actinozoa.^— The corals which occur in the Upper Chalk
are mostly small, the largest being Caryophyllia cylindracea,

which sometimes grows to a length of 3 or 3J inches. Besides

the cup corals, of which the commonest are Caryophyllia and
Parasmilia centralis, there are several adherent corals belonging
tx) the genera Axogaster, Diblasus, and Epiphaxum.

Most of the species range through the division, but the genus
CcBlosmilia (with five or six species) has only been found for

certain in the highest zones (those of Actinocamax quadratus,
Belemnitella m/ucroTiata and Ostrea luTMta).

Spongida.—The remains of siliceous sponges are very com-
mon fossils in the Upper Chalk. A few seem to occur chiefly in
the lower beds and some in the highest beds (zones of A.
quadratus, Bel, mucronata, and Ostrea limata), but a great
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Upper Chalk Fossils (Higher Zones).

Fig. 13.—Echinocorys scutatus, Leske (nat. size), a, posterior view

;

b, side view.

„ 14.—Galerites albogalerus, Leske (nat. size), a, side view; b, basal
view.

„ 15.—Marsupites testudinarius, Schloth. (nat. size).

„ 16.—Terebratula carnea, Sow. (nat. size). From Norwich.
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many range from the Hoi. planus to the Bel. mucronata zone.

The following occur specially in the lower beds :

—

Camerospongia campanulata, T. Smith.

„ subrotunda, Mani.
Cephalites Benettiae, Mant.

„ perforatus, T. Smith.

Guettardia stellata, Mich.

Ventriculites are also common in these lower, but most
.
of the

species range upwards into the higher zones. Among them may
be mentioned, V. alcyonoides, Mant., V. crihrosus, Phil., V. decur-

rens, T. Smith, V. impressus, T. Smith, V. mammiUaris,T. Smith

(Pig. 8).

Other sponges which range through several zones are Doryderma

ramosfum, Mant., Plinthosella squamosa, Zitt., Plocoscyphia con-

voluta, and Heterostinia obliqua, Benett.

Of species which are characteristic of the higher beds the

following may be mentioned :—

Siphonia Kcenigi, Mant.
Seliscothon planus Phil.

Stichophyma tumidTim, Hinde.
Verruculina plicata, Hinde.

„ Keussi, M'Goy.

Coeloptychium agariooidea, Gold/.

^Jereica clava, Lee.

PachastreUa convoluta, Hinde.
Plinthosella compacta, Hinde.

Porochonia simplex, Smitli-

A calcareous sponge, Pharetrospongia Strahani, SoUas, also

occurs not unfrequently, but it is not confined to the Upper Chalk.

The small organic bodies known as Porosphcsra have been

regarded as Hydrozoa, but Dr. Hinde has shown that they be-

long to the Sponges. The spherical Porosphcera globularis is

one of the commonest fossils of the Upper Chalk, and is to be

found in every part of it. It varies in size from that of a pea

to that of a walnut. Two other species (P. urceolata and P.
Woodwardi) of a very different shape also occur.

The Species of Miceaster.

It has long been known that species of the genus Micraster are

abundant in the lower part of the Upper Chalk, and it has been
found that they present a succession of species and varieties

which are of great use in determining the limits of the zones and
the horizon of isolated inland exposures. Consequently it has
become necessary for all students of the Upper Chalk to make
themselves acquainted with the characters ofthe principal forms,
and hence it seems desirable to give brief diagnoses of these
before entering on the stratigraphical details, in which they wUl
be so frequently mentioned. I have, therefore, prepared such
condensed diagnoses from the detailed descriptions published by
Dr. A. W. Rowe, in his " Analysis of the Genus Micraster."*

Micraster corbovis, Forbes.—This species varies greatly
in size, the length vanning from a small form of 31m.m., to a
large one of 81mm. The test is very thin, contrasting in this

* Quart. Journ. Geol. Soc, Iv., p. 494 (1899).
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Upper Chalk Fossils (Higher Zones).

Fig. 17.—Actinocamax ctuadratus, Blainv. (two-thirds of nat. size).

a, ventral view ; b, section to show alveolar cavity.

„ 18.—Belemnitella mucronata, Sow. (two-thirds of nat. size), side view.

„ 19.—Terebratulina gracilis, ScMoth. (twice nat. size), a, dorsal view

;

h, side view.

„ 20.—Terebratulina Gisei, Hag. (twice nat. size), a, dorsal view

;

b, side view.

„ 21.—Thecidium vermiculare, ScMoth., upper and lower valves (twice
nat. size).

„ 22.—Rhynchonella plicatilis,var. octoplicata, Sow. (nat. size), dorsal view.

„ 23.—Rhynchonella limbata, ScMoth. (cat. size), dorsal and front views.
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respect with all other Micrasters. In shape it is generally an

elongate oval, and its upper surface is generally depressed so that

its height is relatively small, that of large specimens varying

only from 44 to 49mm.
The paired ambulacra are deeply impressed with a smooth

interporiferous area, and the pores are elongate, those of the

outer row being tear-shaped. The subanal fascicle is feebly

marked.

On the under surface the mouth is set far in from the anterior

margin, the peristome is a smooth fiat ring, and the labrum
feebly developed. The labral plate is broad where it joins the

plastron and tapers to the labrum, bearing only one or two

tubercles near the tip. The periplastr6nal area is a broad band
which is either smooth or very faintly granular, again contrasting

with the strongly granular area of other Micrasters.

Micraster corbovis occurs in the Terebratulina beds of the

Middle Chalk, but is commoner in the Holaster planus zone,

and has not been found at any higher horizon.

Micraster Leskei, Desm.—This species has been widely

known on the Continent as M. breviporus, Ag. (see Fig. 6). In
size it is rather small, averaging about 34mm. in length, but the

test is thick. The paired ambulacra are deep, with smooth
interporiferal areas {see Fig. 29a), and the pores are elongate.

The upper surface is depressed and the subanal fascicle is dis-

tinct, but narrow.

Beneath, the mouth is distant from the border, and its labrum
is smooth as in M. corbovis. The labral plate is also of similar

shape (see Fig. 30a.), and seldom bears more than six primary
tubercles, sometimes only two or three. The periplastronal area
is always finely granulated.

M. Leskei is specially characteristic of the zone of Holaster
planus, and is not found above that zone, though it ranges
downward into the Middle Chalk. There is, moreover, a passage-
form between M. Leskei and M. prcecwrsor which appears to oe
restricted to the zone of H. planus ; this differs in several points,

having sutured interporiferal areas and more tubercles on the
labral plate. A passage-form between M. Leskei and M. corbovis
also exists.

Micraster prsecursor, Rowe.—Dr. Rowe calls this form a
group rather than a species, but he admits that " if it be right
to preserve M. coranguinum as a species, it is equally right to
use _M. prcecursor^ in the same sense." It is in fact a plastic
species and varies in its details according to the zone in which it

occurs.

This form is variable in size, but its average length is about
50mm. and its breadth is generally about 3mm. less than the
length. It has the common low zonal characters of a depressed
upper surface, and deeply impressed ambulacra, but the inter-

Eoriferal area is never smooth ; those in the zone of H. planus
ave the plates of this area merely " sutured," but those from
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Upper Chalk Fossils (Higher Zones).

Fig. 24.—Inoceramus involutus, Sow. (fiat. size).

„ 25.—Jb'ecten (Chlamys) cretosus, Defr. (nat. size).

„ 26.—Pecten(Chlamys)mantellianus, cPOrb. (=P. concentricus,S. Wood-
ward), (nat. size).

„ 27.—Ostrea lunata, Lam. (nat. size).

„ 28.—Lima Hoperi, Sow. (nat. size).
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higher zones have them strongly inflated, and more or less

divided from one another along the median line (see Fig. 296).

The subanal fasciole is well marked.

On the lower surface the mouth stUl remains distant from the

border ; but the labrum shows a gradual change ; for only its

central part or " tip " is ever smooth ; in the zone of Hoi. planus
this is always smooth, in that of M. cortestiidinariwin, about 80
per cent, have a smooth tip, but in the zone of M. coranguinum
it is wholly granular. The labral plate is subtriangular in the two
lower zones, becoming narrower in the zone of M. corangwinv/m,
bearing on an average from 10 to 12 tubercles (see Fig. 306).

The periplastronal area also shows a progressive degree of

granulation in passing upward from the H. planus zone.

This species commences in the zone of H. planus, and ranges
into that of M. coranguinum, dying out within the lower third

of that zone (at any rate in the South of England).

a b c

Fig. 29. After Eowe.—Magnified views of a portion of the ambulacral
area of

—

a. Mioraster Leskei, with smooth area ;

6. „ prsecursor, with inflated area ;

c. „ coranguinum, with divided area.

Fig. 30. After Eowe.—Views of the labral plate and part of the plastron
of a. Micraster Leskei ; b. M. prsecursor ; c. M. corangumum.

Micraster cortestudinarimn, Ooldf.—This form is not
sufficiently distinct to be regarded as a species comparable with
the others. It has all the characters of M. prcecursor, except that
its breadth is as great as its length. It has no other special
features and is, in fact, merely a broad variety of M. prescursor
or of the M. prcecursor group; having the same range, and
exhibiting just the same variations according to the horizon at
which it occurs as the members of that group do. In the zone
of M. coranguinum, it gradually loses its low zonal characters
and passes into the broad variety of M. coranguinum.
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Micraster COraaguinum, Leske.—This species varies much
in size and shape, but differs from M. prcBcursor in the following

points. The posterior part of the test is always high, and its

upper surface is raised into a median ridge or carina (see Fig. 106).

The paired ambulacra are shallow, while the anteal sulcus is

generally deep. The interporiferous area is traversed by a

furrow which divides one half from the other half, and the

whole surface of the umbulacrum is strongly granulated (see

Fig^ 29c).

The subanal fasciole is broad and clear. The mouth is

situate near the border ; its labrum is always strongly granulated
and the labral plate is narrow, expanding more or less at each
end, and is generally covered with tubercles (Fig. 30c). The
periplastronalarea is covered with large prominent granules so

as to present a very rough and almost tubercular surface.

M. coranguinwm is often abundant in the zone to which it

gives its name, and also in the zone Marswpites, but becomes
rarer in the higher zones. The broad variety latior bears the

same relation to it as if cortestudinarium does to M. prcecursor.
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CHAPTEE III.

THE UPPER CHALK IN SUSSEX.

1.

—

The Cliffs from Beachy Head to Brighton.

General Description.

The earliest description of the Upper Chalk in these chffs is

that by Dr. Mantell in his Geology of Sussex (1822), but is only a

general account of the " Chalk with flints " ; as, however, there are

very few flints in Sussex .below the zone of Holaster planus, his

Upper Chalk is practically coextensive vsdth that which is so re-

garded in this memoir.

A more careful description of the part between Seaford and
Beachy Head, with a horizontal section, was given by Mr. Whitaker

in 1871. * In this he indicates the flexure at Seaford, and correlates

the Chalk of the Sussex coast with that of the Kentish coast as

described by Mr. W. Phillips. His " Chalk with flints and nodular

layers " includes the parts now known as the zones of Holaster

planus and Micraster cortestudiTvariumjihe rest of the Upper Chalk

being called simply '' chalk with flints." He was uncertain whether

the Margate Chalk was represented in Sussex.

In 1876 Prof. Ch. Barrois published a detailed account of the

chalk which forms the Sussex clifi"s,f recognising in them the zones

with which he was familiar in France. His description was illus-

trated by a section on the scale of abouftwo inches to a mile.

Professor Barrois' work was a great advance on anything that

had been written about the Chalk of England prior to its date of

publication (1876), and his description of the beds seen in the coast

section is very good and accurate, but the correct allocation of the

beds to their several zones cannot always be accomplished on the

basis of a day's collecting of the fossils. It will be seen in the sequel

that I found reason to suspect that Professor Barrois had assigned

too great a thickness to the Marsupites zone, and too little to that

of M. coranguinum. This view has been confirmed by the more
prolonged researches of Dr. A. W. Rowe and Mr. C. D. Sherborn
in 1898 and 1899.

Since this chapter was first written these researches have been
published. J I have availed myself of Dr. Rowe's observations

* On the Chalk of the Cliffs from Seaford to Eastbourne, Geol. Mag. Vol.
viii. p. 198.

t Eecherches sur le Terr. Cr^t. Sup., pp. 14-27.

X See Proc. Geol. Assoc., Vol. xvi., p. 289 (1900), " The' Zones of the
White Chalk of the English Coast," by Dr A. W. Rowe, withsections bv
C. D. Sherborn,
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and have re-written the larger portion of the chapter. Mr. W. Hill

examined the chalk of Beachy Head in 1896 and 1897, and the de-

scription of the lower zones there seen is from his notes. The

section (Fig. 31) is reduced from that given by Messrs. Rowe and

Sherborne.

The thicknesses of the several zones now recognised in this coast

section are stated by Dr. Eowe as follows :
—

Feet.

Zone, of Actinocamax quadratus about 170

Zone of Marsupites testudinarius ., 78
Zone of Micraster coranguinum ,. 242
Zone of Micraster cortestudinarium ., 109

Zone of Holaster planus • ,,48

647

Stkatigraphical Details.

Zone of Holaster planus.

The zone of Hoi. planus forms part of Beachy Head, the

beds dipping westward, and it comes down to the shore-

line at a point about a quarter of a mile west of the west

corner of the place called Gun Gardens on the six-inch Ordnance

map.
Although there is no hard and fast line of demarcation between

the chalk of this zone and that of the underlying Terebratvlina

zone, yet there is no difficulty in recognising the junction of

the two zones ; for with the exception of a few scattered flint

nodules at the top of the lower zone, there are practically no flints

until the zone of Holaster pla/rms is reached.

The character of the chalk changes at the same time from a

homogeneous blocky white chalk to chalk containing frequent

courses of hard yellowish-grey lumps. The following description

is from notes taken by Mr. W. Hill in 1897.

The zone of Holaster planus consists throughout of more or

less nodular chalk, which gives it a rough appearance in the cliff,

In the lower part there are frequent courses, about three feet apart,

of hard semicrystalline lumps, separated from one another by soft

mealy chalk, but the greater part of these layers consists of the

hard chalk ; each such course passes down into less hard, but still

nodular or lumpy chalk. The upper siu"face of these courses is

usually well defined, not only by the rougher and more nodular

character of the rook, but also by the numerous small flint-nodules

which are thickly scattered through the upper twelve or eighteen

inches of each course, and appear as definite flinty layers when the

cliff is Adewed from a httle distance.

There is no bed which consists throughout of hard compact
limestone like that known as Chalk Rook, nor could he find any bed
that contained the characteristic fossils of this " Rock "

; indeed, at

this place both Cephalopoda and Gasteropoda seem to be so scarce
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that not a single specimen was seen.* A few fragments of brown
phosphatic matter may be seen here and there, but these are by no
means common.
In the upper part of the zone the hard courses are less well-

developed, and the highest ten or eleven feet consists of chalk of a

more uniform character, i.e.—somewhat rough and nodular

throughout and without any specially hard or nodular layers.

About eleven feet down there is, however, a conspicuous nodular

layer, consisting of the usual hard yellowish nodules embedded in

softer mealy chalk. The following is the descending succession of

beds :

—

Feet.

Chalk, somewhat nodular, with scattered flints - - 11
Course of hard yellowish uodidar chalk - 1

Whitish chalk, rough and lumpy, with irregular layers of

scattered flints at intervals of about 3 feet - 25
Cream-coloured chalk in courses about 3 feet thick, each
having a hard nodular bed, with flints, at the top - - 12

49

The zone contains many fossils throughout, and there is no
clifficulty in finding Holaster planus, Echinocorys scutatus, Micras-
ter Leshei, M. prcecursor, Gidaris clamgera, Rhynchonella reedensis,

and Rh. plicatilis ; in the topmost eleven feet Miorasters of the

prcecursor and cortestvdiTiarium types predominate, and we were
inclined to regard this as the base of the M. cortestudinarium zone,

but in deference to the resiilt of Dr. Eowe's careful collecting we
accept his limit of the zone.

Dr. Eowe says— " In this section we relied entirely upon Micras-

ter for fixing an upper limit to the zone, mapping out the chalk

foot by foot, and taking the Micrasters obtained from each foot of

chalk to the water edge, and there cleaning and examining them
before collecting from the next foot of chalk. We found that the

essential features of the test gave us a limit-line which coincided

with the cessation of Holaster planus, Micraster corbovis, M Leskei,

PentacrinAis, and other guide-fossils of this zone." (Loc. cit. p. 326.)

He fixes this limit-plane as thirty feet below a marked layer of

marl which forms an open band in the cliff, and runs through the

first cave west of Gun Gardens. He gives forty-eight feet as.the

total thickness of the zone, which agrees closely with Mr. Hill's

measurements above given.

Zone of Micraster cortestudinarium.

The chalk last mentioned is succeeded by chalk which still pre-

sents some nodular layers, but these are at a greater distance apart

and alternate with thicker courses of soft white chalk which contain

* This is corroborated by Dr. Eowe, who did not succeed in finding any
specimens of either class except Pleurotomaria perspectiva.
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many flints, both scattered and in layers, at irregular intervals.

There are also several continuous layers of flint, which is an unusual

feature in this zone.

As Mr. Hill was not able to examine this part of the section so

thoroughly as Messrs. Eowe and Sherborne have since done, I

gladly avail myself of the measured section which they have pub-

lished, (loc. cit. p. 317), and adopt their limit for the zone, which

is taken at a rather lower horizon than that indicated by

Professor Barrois. The measurements are as follow in ascending

order, the beds still continuing to come in along the cliff base

with the westerly dip :—
Feet.

From top of H. planus zone to an open marl-band - - 30
From open marl-band to first tabular flint-layer - - 26
From first tabular flint to second tabular flint-layer - - 20
From second tabular flint-layer to base of a thick layer of

scattered flints - - - - 13
From base of layer of scattered flints to third tabular flint-

layer - - - 9
From third tabular flint to fourth tabular flint-layer - - 11

J

109i
" This last-mentioned tabular flint-line will be called the M.

cortestudiTiariuin-tahulaT, as it approximately marks the zoological

break between this zone and the one above it." With respect to

the fossils of the zone. Dr. Eowe writes thus : "Micraster is our only

reliable guide, and the essential features of the test, which were so

helpful at Dover, are equally reliable and constant here. The
proportion of the broad Micraster cortestvdinarium forms is rather

larger than at Dover, and the percentage of occurrence of the
' sub-divided ' ambulaoral area is also larger than at Dover, and is

quite characteristic of this zone. Echmocorys vulgaris var. gibbus

is common The spines of Cidaris clavigbra are, if

anything, in greater profusion than in the zone below, and while

Cidaris serrifera is still a characteristic form, it is not so abundant
as the former Holaster placenta is common, and
small examples of this fossil have been mistaken for Holaster

planus. Bryozoa are abundant No Gasteropods have
been found Sponges are poor in this zone at Beachy
Head, with the exception of a small form of Pharetrospongia

Strahani, which is very abundant both in this zone and in the

base of the M. coranguinum zone."

As Prof. Barrois pointed out, the flints in this zone are generally

more or less carious or cavernous, the hollows having doubtless

•been originally filled by sponges, but being now occupied by soft,

powdery chalk, which contains sponge-spicules, some Bryozoa,

and silicified Foraminifera. They often have a fairly thick crust

which is sometimes white and sometimes pinkish.

-The beds comprised in the zone of M. cortestudimarivm pass
beneath the chalk which forms the cliffs of Berling and Crowlink,
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but they are brought up again by the T&nticHne of Cuckmere Haven
(see Fig. 31), and, according to Dr. Eowe, the low chffs west of the

haven show a thickness of 80 feet of this zone. Here, however,
it is apparently less nodular, and does not weather out into rugged
knobs, as usual elsewhere ; moreover, '' there is no If . cortestudin-

arium tabular, as at Beachy Head, but much in the same position

we find a thin closed marl-band which approximately marks the

junction between this zone and that of M. coranguvnum." (Op.

cit. p. 336.")

riG.§32.—View of the upper part of the cliff at Beachy Head, from a

photograph by the Kev. W. E. Andrews. (Zones of M. cortestudiiw/rium,

and M. coranguirmm.)

6821 C
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Zone of Micraster coraugniniim.

Above the continuous flint layer, which Dr. Rowe calls the
" cortestudinarium tabular," there are two or three well-marked

yellow nodular bands, and, according to Professor Barrois, the chalk

containing these bands is about fourteen feet thick (four metres),

Lithologically they are a continuation of the M. cortestvdinarmm

chalk, but Dr. Rowe finds that " zoologically they must be included

in the zone of M. coranguinum, as the fossils are scanty and belong

to the higher zone.

Above these nodular beds there is massive white chalk with

regular layers of flints ; these, according to Barrois, occurring at

intervals of from 18 inches to 3 feet, most of them being solid and
black inside, but having a thick zoned or banded cortex. The
beds assigned to the zone of M. coranguvnum by Professor Barrois

are described by him as follows, in descending order :—
Feet.

Indurated yellowish bed containing greenish nodules of chalk J
Chalk without flints - - 6^
Chalk with four layers of flints - - - 16
Layer of large flat pale-coloured flints.

Chalk with many flints which have banded rinds - about 26
Chalk with layers of tabular flint and bands of cavernous flints 16
Chalk with regular layers of flints (described above) 48

About 115

He regarded the yellowish nodule bed as the top of the zone,

because it resembled the bed at the base of the Margate Chalk,

and because about 22 feet below it there is a conspicuous bed of

large flattened lenticular flints resembling the bed known in Kent
as the " 3-inch band," which occurs about 21 feet below the top of

the M. coranguinum zone (see p. 143).

The occurrence of two similar beds at similar distance from one
another is remarkable, but we are inclined to think that it is merely
a coincidence, and that they do not occur on the same horizon as

those in Kent ; that they are in fact a long way below the top of

the zone of M. coranguinum.

In the first place the continuity of the same bed of flint for a
distance of more than 60 miles would be a very remarkable fact,

though it is known that such beds do sometimes continue for 6 or
7 miles.

Secondly, if Prof. Barrois' assumption is correct, the thickness

of the M. coranguinum zone in Sussex is very much less than
in Kent, his own figures being 115 feet, as compared with 231 feet.

Now we should have expected that, if there was any difference in
thickness, it would have been greater in Sussex than in Kent,
because the Upper Chalk appears to thicken in a westerly direction,

and is certainly thicker in the Isle of Wight than it is in Sussex.
Thirdly, the chalk above the yellow band in Sussex has not

yielded any trace of Marsupites; neither Prof. Barrois nor Mr.
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Rkodea, who was specially instructed to search for them,
succeeded in finding a single plate.

Fourthly, the characters of this chalk are not like those of the

Margate Chalk, which contains very few flints, while this contains

frequent layers of black flints for nearly 100 feet above the nodular

band.

Taking all these facts into consideration, we are inclined to believe

that all the beds with frequent layers of flints, which overlie the

yellow nodular bed, should be included in the zone of Micraster

coranguinum. If these beds are 92 feet thick, as estimated by
Barrois, the total thiclcness of the zone will then be about 212
feet, which is not far from its thickness in Kent. It is true that

there is no nodule bed or specially marked plane of division at this

horizon, but we do not believe that zones are always separated by
physical breaks, and we imagine that the expectation of finding

a baivc limite may easily lead the observer astray.

The above was written before Dr. Howe commenced his examina-

tion of the Sussex coast section, and it is satisfactory to find

that the view above expressed is entirely corroborated by his careful

collecting of the fossils. He has moreover succeeded in discovering

plates of both Marsupites and Uintacrinus, and has been able to

fix the upper limit of the zone of M. coranguinum in a much more
satisfactory manner—namely, by the evidence of the fossils carefully

collected from each foot of the chalk near the critical horizon.

This, however, can only be done between Cuckmere and Seaford,

for in the Birling and Crowlink clifi^s the junction is far out of reach.

Dr. Rowe terms the beds indicated by Professor Barrois " the

spurious tabular and sponge bed," and remarks that they are

plainly visible about half-way up the cliff at Birling Gap :— " These

bands dip to the west, until at Crowlink Coastguard Station the

flint line is level with the beach ; but from that point the bands

steadily rise again, and very soon the sponge bed dies out. In these

lower cliffs we have a better chance of studying the beds in

the upper part of the cliff, and we notice that .... the flint

lines space out [are wider apart] in the upper third of the cliff.

If we view the [Seven] ' Sisters ' from either side we notice that

the tint of the chalk in the highest ' Sisters ' is of a greyer colour,

and that this discolouration corresponds with the upper of two

strong nodular flint lines, 9 feet apart,,and that these two flint

lines generally pass out of the cliff in the hollows between the

highest ' Sisters.' The importance of this observation will be

seen when we come to trace the same two flint lines in Seaford

Head, for we flnd that the Uintacrinus Chalk is there apparently

limited below by the upper of these two flint lines."

" In 1898 we found at the summit of the first and fourth ' Sisters

'

(counting from Cuckmere) Uintacrimus, Bourgueticrmus (with

nipple-shaped head), and Echinocorys vulgaris, var. pyramidatus.

These fossils were obtained in bare patches, where

6821 Q 2
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the turf had been denuded at the cliff edge." Afterwards a Mar-

supite plate was found on the first " Sister." {Of. cit., pp. 330, 331.)

In the cliffs west of Cuckmere Haven the M. cortestudmarmm
zone again rises above the shore line, as already stated, and as the

beds curve over to dip steeply westward in Seaford Head the whole

of the M. coranguinum, zone is here exposed in an easily accessible

manner, and is found to be 242 feet thick. In this short distance,

however, several changes seem to have taken place in the lithology

of the beds, for, according to Dr. Eowe, not only has the sponge bed

seen at Birling and Crowlink disappeared, but the " spurious

tabular " flint has also thinned out. He found, however, that

another conspicuous layer of flint, which he calls the " strong

M. coranguinum tabular," is continuous all the way from Beachy
Head to Seaford Head ; this occurs about 60 feet above the base of

the zone.

Here I would remark that although Prof. Barrois proves to be

mistaken in the limits which he assigned to the several zones in this

particular section, yet he correctly recognised the zones which
enter into the chalk of Seaford Head, and we must remember that

his zone of Marsupites included that which has since been
separated as the zone of Actinocamax quadratus. It is in fact

wonderful that Professor Barrois could have accomplished so much
excellent work in the few months which he was able to give to it,

and I desire to endorse Dr. Eowe's appreciation of Professor

Barrois' pioneer researches.

Zone of Marsupites testudinarius.

Part of the chalk referred to this zone by Professor Barrois is

described by him as " chalk which is almost devoid of flints," and
in this he found Actinocamax Merceyi. This band is evidently
comparable to some part of the Margate chalk, but until Dr. Howe
searched the beds in his careful and methodical manner no one
had been able to find any trace of Marsupites or Uintacrinus,
and consequently the zone remained without definition. What
follows, therefore, is based upon the account given by Dr. Rowe.

In the section west of. the Cuckmere he notes the existence of

an oblique fissure, out of which a cave has been excavated, and
that the junction of the M. cortestudinarium and M. coranguinum
zones occurs at this cave. " Passing a little further west we trace
the dip of the strong M. coranguinum tabular to the shore below the
west side of the Castrum. Still passing westward, we reach the
point where two strong nodular flint-lines sink to the shore.
These are clearly the same two flint-lines, 9 feet apart, which we
saw intersecting the bases of the highest of the ' Sisters,' so it is

probable that we are nearing the junction with the Marsupites
chalk."' His search resulted in finding Uintacrinus at once above
the upper of these flint-layers, but none below it, and accordingly
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he takes this layer of flints as the lower limit of the Marsupites
zone.

His first search for Marsupites in 1898 was unsuccessful, but
a more determined search in 1899 resulted in the discovery of

Marsupites plates through a thickness of over 48 feet, these plates

commencing to occur 28 feet 9 inches above the flint-bed. Thus
he proved the zone to consist of two parts, a lower, in which
Uintacrinus prevails, and a higher, in which Marsupites only
is found. As will be seen on a later page, Dr. Rowe has found
that the same sub divisions exist in the Isle of Thanet.
The complete succession seen in the cliffs between Cuckmere

Haven and Seaford may be given in this place. The beds here
were measured by Dr. Eowe and Mr. C. D. Sherborn, and are
stated by the former as follows :

—

Ft. in.
Zone of rFrom the lowest part of M. cortestudinarium

Micraster ) zone to the oblique fissure-cave where the
cortestudi- ) closed marl-band divides this zone from that
narium. L of M. coranguinum- about 80

'From marl-band at oblique fissure-cave to place
where the strong M. coranguinum-ta,hM\a,T

sinks to the shore under the castrum 62
From spot above mentioned to where the upper

of two strong nodular flint-layers, 9 feet apart,
sinks to the shore - - 180

From the upper of two strong flint-layers to -

point where the last Uintacrinus-p\a,te and the
first Marsupites-pl&te were found 28 9

From spot where the last Marsupites-p\a,te was
found to the upper of two marl-bands 470
feet from stone groyne - 49 9

Zone (A J^^°^^ upper of two marl-bands to top of the
7 . ^1 j1. g'i«K^ra*'i4S chalk at west end of Seaford Head

^ i about 170

Zone of

Micraster
corangui-

num.

Zone of

Marsu-
pites.

Total 569 6

It should be pointed out, however, that in this tabular view
Dr. Rowe includes the 20 feet of chalk which forms the transition

band between the zone of Marsupites and that of Act. quadratus
in the latter, though on p. 338 he expressly groups it with the
former. If this is deducted from the thickness of the A. quadratus

zone, only 150 feet is left for the latter at this place, and the

thickness of the Marsupites zone will amount to about 98 feet. *

In the cliffs between Newhaven and Brighton the beds undu-
late slightly, and Dr. Rowe found that the top of the Marsupites

zone was exposed at the base of the cliffs west of Old Nore Point

and in the shore-reefs of the eastern part of Friars Bay.

The zone again rises from the shore between Ovingdean and

Roedean, and the following indications are given by Dr. Rowe

:

" Passing westward over the two stone groynes (at the Pumping
* I am informed by Dr. Eowe that these figures are correct, and should

have b6en so printed in the table above quoted.
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Station) we find an open marl-band rising from the shore . . .

this marl-band forms the top of a wrought cave opposite the fifth

electric standard-pole west oi the groynes." Below this he found

Marsupites-plates, above it no Marsupites, and for a certain space

no Ofaster pillula, there being a transition band, just as at Seaford

Head. West of this, below Roedean, Marsupites-platBs are abun-

dant, for the beds continue to rise westward, and 58 feet of this

zone can be measiu-ed at the Brighton end of the cliff. Finally, the

Uintacrinus band comes up in the reefs, its existence, strongly sus-

pected by Dr. Rowe, having been proved by Mr. W. MacPherson,

who found a plate on the reef facing the Elephantrbed.

Of the .chalk composing this zone near Brighton Dr. Rowe
writes as follows :—" The chalk is soft and marly, with nodular

and tabular flint-bands and marl-seams. No one could distin-

guish this chalk from that of the zone above, and the only difference

is that the flints have a thin white cortex instead of a pink one.

Even this distinction fails at certain places in the section. . . .

There is no lithological break to divide this zone from that of

Actinocamax quadratus."

It will be seen., therefore, that here the chalk of the Marsupites

zone is by no means flintless, and in this respect differs greatly

from the well-known Margate Chalk.

Zone of Actinocamax quadratus.

This zone includes all the higher part of the chalk wliich Pro-

fessor Barrois referred to his zone of Marsupites.

The most complete exposure of it is in the western part of Seaford

cliff, where a dip of 12 to 15 deg. brings in a great thickness

of beds within a very short distance. Better opportunities of

examining its lower beds and of collecting fossils are to be found
in the long range of cliffs which extend from Newhaven to Brighton,

for these are composed almost entirely of this zone from New-
haven westward for a distance of 6^ miles.

The chalk in the western part of Seaford cliff is described by
Professor Barrois as containing many flints in layers about 6 or 7
feet apart, and these layers are not composed of single flints in
line, but of many flints scattered irregularly through some 12
inches of chalk. The flints are black inside and not banded,
smooth and regular in outline, and round or somewhat flattened
in shape. He estimated the total thickness of this chalk at Seaford
to be 40 metres (130 feet), but by Dr. Rowe'a measurement it is

150 feet (see page 37).

Dr. Rowe says, "The zone is characterised by a rather soft
white chalk, greyish in places from adxnixture with marl, but
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often of a yellow coloui- from diffused staining with iron.

Marl-bands, which often weather out as open seams, are common

;

so are tabular and nodular flint-bands, but the latter never occur

with the regularity of those in the zone of Micraster coranguinum.
We know of no chalk so full of tabular flint as this, and oblique

fissures "in the chalk are frequently in-filled with thin layers of

flint." (pp. dt., p. 340.)

Dr. Eowe does not give any particulars of the beds of this zone,

either at Seaford Head or at Newhaven, and neither Mr. Hill

nor I have been able to exainine these sections. Professor Barrois'

Newhaven section is the only one yet available, and this we give

below, his thicknesses being altered to accord with the real height

of the cliff, which is less than he supposed :

—

Feet.

Chalk with layers of flints at intervals, grey or black inside

and some of them large - about 25
Chalk with few flints, but some thin tabular layers. Offaster

pillula, Cyphosoma Koenigi, Magas and other fossils ; about 50
Chalk in beds about 6 feet thick, separated by seams of marl

;

black flints of rounded shape occur, both scattered and in

layers. Inoceramus involutus, Offaster pillula and Echi-
nocorys scutatus - - . - - - about 35

110

When collecting from these localities Mr. J. Ehodes observed

that about 60 feet below the highest chalk in Seaford Head there

was a bed in which Offaster pillula was very abundant, and that a

similai bed occurred near the bottom of Newhaven ohff. At
Newhaven the beds are nearly horizontal, so there must be a

quick recovery from the steep inclination which they show in

Seaford Head. Whether they are re-curved or faulted we have

no means of knowing.

From Dr. Eowe's account we learn that the beds continue to be

horizontal from Newhaven to Old Nore Point, where they begin to

rise to the west, and a thin layer of tabular flint emerges from the

shore. It is below this tabular layer that the top of the Marsupites

zone comes up for a short distance. " The rise in the beds is not

niaintained, as there is a series of faults which brings the tabular

to the shore again in the centre of [Friars] Bay."

Below Portobello the beds are again nearly horizontal, and from

the chalk with nodular flints here accessible Mr. Ehodes obtained

the following fossils :—

Actinocamax quadratus.

Ehynchonella plicatilis.

Bourgueticrinus ellipticug.

Offaster pillula.

Echinocorys scutatus

Porosphsera globujaris.
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According to Professor Barrois' account (Recherclies, p. 25),

these lower beds sink below the beach near Eottingdean, and the

overlying chalk, with continuous layers of flint, comes down to

the level of the shore. From these beds he obtained Actinocamax
Merceyi ( = A. granulatus), Inoceranms lingua, Plicatula

sigillina, and the gibbous variety of Echinocorys scutatus. He
describes and figures three layers of " tabular " or continuous

flint, which here and there branch into two and unite again,

thus enclosing flattish, lenticular masses of chalk from 4 inches

to 3| feet in length. He also remarks that the highest of

these fhnt-floors is covered by a layer of marl about 4 inches

thick, and that the chalk which overhes this marl is somewhat
nodular.

West of Eottingdean the beds begin to rise again ; the base of

the zone is soon brought up, and the underlying chalk, with Mar-
supites, comes into the clifi: as already stated (see p. 37). Prof.

Barrois states that the flint and marl-band rises from the foot of

the cliff at Eottingdean till it reaches the cliff top at Eoedean
Gate, near the turnpike.

Dr. Eowe records the occurrence of Am. [Haploceras] lepto-

phyllus in considerable numbers at and near the base of this

zone all the way from Newhaven to Eottingdean. Many of

them are very large, frequently 4 feet in diameter, and one was
5^ feet across. Besides the usual fossils of the zone, Bryozoa are

abimdant, especially in a layer near Eottingdean. Of these he
mentions Eschara Danae, Vincularia santonensis, V. disparilis,

and a new species of CribriliTia as specially characteristic.

One point seems clear from the observations and careful collect-

ing of fossils by Professor Barrois and Dr. Eowe, and that is that

the highest chalk seen in the cliffs between Newhaven and Brighton
belongs to the zone of Act. quadratus, and that there is no indica-

tion of the incoming of the higher zone of Belemnitella mucronata.

FOSSILS FROM THE UPPER CHALK OF THE SUSSEX CLIFFS.

The following list of fossils is based upon that published by
Dr. Eowe in his recent paper above mentioned, for though many
of the species had been obtained previously by the Survey collector.

Mr. J. Ehodes, yet he had not worked along the whole section, and
Dr. Eowe's list is much more complete. To those given by Dr.
Eowe I have added a few supplementary species and zonal occur-
rences, which are indicated by letters, thus those found by Mr,
Ehodes are indicated by the letter S, those recorded only by
Professor Barrois are shown by the letter B, and those found by
Mr. Maddock by the letter M. Many fossils have been obtained
from the chalk of or near Brighton by the older collectors, but
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their zonal horizons being unknown, they could not be admitted
into this Ust :

—
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CHAPTEE IV.

THE UPPER CHALK IN SUSSEX.

2. The Inland Parts.
,

General Description.

No one has yet attempted any detailed description of the Upper
Chalk in the inland parts of Sussex ; it would need a special recon-

naissance and much careful collecting of fossils to trace the suc-

cessive zones from east to west through the length of the countj'.

A study of the slight lithological differences in the chalk and in

the phj'sical features of the country would doubtless assist anyone
who undei'takes such a reconnaissance. Thus my colleague, Mr.

C. Reid, makes the following observations :—

" The chain of hills in the middle of the South Downs probably

represents the feature made by the fii-mer chalk of the Belem-

nitella zones resting on the soft chalk of the Marsupites zone.

Sections are extremely rare in this feature, and it cannot be fol-

lowed for any great distance continuously, though isolated hills

are traceable eastward along the same line as far as Brighton."

Mr. W. Hill examined some of the quarries near Lewes,

Arundel and Houghton in 1897, and Mr. Rhodes collected

fossils from these and other places.

Zonal exploration, so far as it has been carried, seems to show
that the highest chalk in Sussex belongs to the zone of Actinocamax
quadratus, and, further, that a greater thickaess of this zone comes
in at some localities than at others. Thus near Seaford there is

at least 150 feet of this zone, while near Arundel there can hardly

be more than 100 feet. As, however, the higher zone of Belem-

nitella miicronata is present in Hampshire, the full thickness of

the A. quadratus zone probably comes in to the westward.

If the above view is correct, the Chalk must have been bent

into broad undulations before the deposition of the Eocene series,

and the flexures must be truncated unconformably by the basal

plane of the Eocene, a conclusion which is of some importance.

Stratigraphical Details.

As the courses of the rivers Ouse, Adur, and Arun traverse the

Chalk area from north to south at right angles to the strike of

the beds, the valleys of these rivers form a convenient means of

making three traverses across the Upper Chalk. Professor Barrois
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took advantage of this means of examining some of the inland

exposures, and we propose to follow his example, taking the dis-

tricts in the order above mentioned.

1.—Valley of the Ouse, near Lewes,

Some of the quarries which expose the zone of Holaster

planus have been described when dealing with the Middle Chalk

(see Vol. II. p. 402) ; but the section to be seen in the northern

part of the large quarry known as Southerham limekiln quarry

remains to be described. This locality has acquired a special

interest from the cm-ious bed of phosphatic chalk which is

found in it. The following account is taken from Mr. Strahan's

description. *

" A small bank at the eastern end of the long hne of limekilns

affords a good view of the junction of the Upper and Middle sub-

divisions, and of the phosphatic band in question. A section

about the middle of the cutting showed in descending order :
—

Feet.

Massive chalk with flints.

Flaky white chalk with a few flints (H. planus) 4
Phosphatic chalk [with brown grains] and some nodules

partly green and partly brown, up to 1J inches in diameter 1^

Hard creamy limestone, nodular, with calcite in veins and
cavities, some green coated nodules - li

Hard white compact chalk, traversed by branching pipes

and thin laminae of phosphatic chalk - 3

Chalk as above but with less phosphatic matter 3

"West of this point the phosphatic band thickened up to 2 feet

4 inches in ten yards, while in the same distance to the eastward

it decreased to about 2 inches only, showing the local and imper-

sistent character of the deposit. It is curious that this phosphatic

chalk does not occur in any of the other exposures 'near Lewes,

though several traverse the horizon at which it occurs.

The underlying hard lime-stone resembles the Chalk Rock of

more western counties and seems to be a local development of it.

Above these beds there is a considerable thickness of chalk,

with regular layers of flints, from which Mr. Rhodes obtained

Micrasters of the cortestudinarium type, Cidaris clavigera, Rhyn-
chonella reedensis, and other fossils (see list on p. 49) ; but the

highest part probably belongs to the zone of M. coranguinum.

The large quarries south of Offham exhibit a fine section through

the zones of Micraster cortestudinarium and Holaster planus into

the Terehratulina zone, but there is nothing which can be

called " Chalk Rock," and the beds in which Holaster planus is

* Quart. Journ. Geol. Soc., Vol. lii., p. 463. (1896).
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common are not so thick as usual. The section was measured
by Mr. Hill, who furnishes the following account of it :—

Firm white chalk with frequent layers of flints,

inaccessible - - about
Firm white chalk, lying between two continuous

layers of flint

Firm white chalk with a few scattered flints,

a Micraster like cortestudinarium
Bed of flints - - - . . . .

Kough lumpy chalk, consisting of yellowish

lumps in a soft mealy matrix
Firm smooth white chalk with a few scattered

flints, Micraster prcBcursor

Firm white chalk with scattered flints -

Massive white chalk without flints

Firm white chalk with scattered flints and a
marked layer of flints at the base
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13 not SO accessible as at Offham. Many of the flints occurring

in the zone of M. cortestudinarium are cavernous.

Still further west in a road-cutting on the escarpment west of

Plumpton Mr. Hill found a set of hard beds, which appeared to

represent the Ctalk Rock, and above these a series which
certainly includes parts of the zones of H. planus and Micr.

cortestudinarium. From 10 feet above the hard beds he obtained

a large Micraster since identified as M. Leskei, and two feet

higher he found M. prcecursor. Still higher, at from 20 to 25
feet above the hard beds, he obtained two M. prcecursor of a

facies suggesting the zone of M. cortestudinarium.

The zone of Micraster coranguinum comes in at the western

end of . the Southerham limekiln quarry. When collecting

fossils here for the survey, Mr. Rhodes noticed a bed of

hard yellow chalk at the highest point he could reach, about
forty feet above the floor of the quarry ; this bed he took to

be at the junction of the M. coranguinum, and M. cortes-

tudinarium zones. Above it there is a considerable thickness

of chalk, probably 100 feet, and Mr. Rhodes found that some
blocks which had fallen from this were crammed with large

fragments of Inoceramus.

A quarter of a mile further north, in what is called the " Snow-
drop " or " Navigation " quarry, a similar section is seen. This

is in the centre of the syncline (see Fig. ;-53, p. 55), and the beds
art) nearly horizontal. Mr. Rhodes reports the succession to

be as follows :—

Feet.

Chalk with many flints in layers from one to 3 feet

apart, upper 30 feet inaccessible about 90
Marked layer of tabular flint.

Hard yellowish chalk with occasional green-coated
nodules about 4

Massive white chalk with layers of flints at intervals of

5 or 6 feet, many of the flints are cavernous, about 60

From the hard band Mr. Rhodes obtained Echinocorys scutatus,

Galerites albogalerus, several Micraster cortestudinarium, Micraster
prcecursor, and some other fossils. The Micrasters have the
aspect of those which occur at the junction of the two zones, but
no typical M. coranguinum was found ; the presence of Galerites
albogalerus is suggestive of the higher zone, but does sometimes
occur in that of M. cortestudinarium, so that we incline to regard
this bed as the local top of that zone.

F0S.SILS FROM Pits near Lewes.

The following list of fossils from the pits near Lewes is

the result of collections made by Mr. Rhodes for the Geo-
logical Survey, supplemented by those recorded by Professor
Barrois :—
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Pisces.

Ptychodiis Oweiii, Dixon -

„ mammillaris, Ag.
Fish remains

GephalopodAi.
Scaphites c/. sequalis, Sow. . - -

Lamellibranchiata.

laoceramus Cuvieri, Sow.

„ Lamarcki, d'Orh. (non Park)

„ mytiloides 1 Sow.

„ striatus, Sow. - - - -

„ undulatus, Mant. -

„ sp.
^

- - -

Lima granosa, Sow. - - - - -

„ Hoperi, Sow. - . .

Ostrea normaniana, d'Orb,

,1 semiplana, Mant.
„ vesicularis, Lam.

Spondylus spinosus, Sow . - - -

„ striatus ? Sow. - - -

Brachiopoda.
Crania parisiensis, Defr. - . -

Khynchonella plicatilis, Sow.

„ limbata, Schloth.

„ reedensis, Eth.
Tcrebratula semiglobosa, Sow.
Terebratulina gracilis, Schloth.\a,T. la,tei,Eth.

„ striata, Wahl.

Bryozoa.

Alecto sp. - . - - . .

Entalophora sp. - - - -

Eschara sp. - - - . - .

Idmonea subcylindrica Roemer -

Homoeosolen ramulosus, Lonsd. -

Echinodermata.
Bourgueticrinus sp. -

Cidaris clavigera, Ronig -

„ Merceyi, Cott. . . . .

„ sceptrifera, ifam<. - - -

„ subvesiculosa, d'Orb.

Echinocorys scutatus, Leske

Cyphosoma corollare, Klein

„ radiatum, Sorig.

Gralerites albogalerus, Leske

Holaster planus, Mant. - - -

Micraster coranguinum. Leske -

6821.
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the lower part of the Act. quadratus zone, for a Beleninite of this

type was found, and Bryozoa are abundant, but no specimen

of Offaster, generally so common in that zone, was discovered.

The following is a hst of the fossils found by Mr. J. Ehodes in

the quarries above mentioned :—
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3.—Valley of the Arun and "Westward.

No goad sections of the zone of H. 'planus were found near

Amberley, but it is traversed by the railway cutting about haK a

mile south of the station, at the east end of -a short tunnel. Mr.

Hill examined this in 1897 and described the chalk as lumpy and

of a creamy-yellow tint ; no continuous section can be taken, but

Micrasters are very numerous, and are all of the " low-zonal
"

M. prcecursor type ; they are associated with Echinocorys scutatus,

Rhynchonella plicatilis, Rh. reedensis, Terebratula carnea, etc.

These beds probably belong to the upper part of the Holaster

planus zone.

Parts of the two lower zones are exposed also in the quarry on
Duncton Hill, about two^thirds of a mile south-west of Duncton
church. Mr. Eeid found the lower part obscured by talus, 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-

inside. This probably includes the junction of the zones of H.
planus and M. cortestudinarium

.

We are indebted to Mr. 11. M. Brydone, F.G.S., for the follow-

ing list of fossils which he has found in this quarry :—

Ostrea vesicularis.

Exogyra haliotoidea.

Inoceramus sp.

Plicatula Barroisi.

Terebratula semiglobosa.

Rhynchonella plicatilis.

,, reedensis.

Cidaris clavigera.

Cyphosoma sp.

Echinocorys gibbus.

Holaster planus.

Micraster sp.

Pentacrinus.
"

;

The lower part of the zone of M. coranguinum and its junction
with that of M. cortestudinarium are exposed in the large quarry
south-west of Houghton. The section here was taken by Mr.
Hill in 1897, and is as follows :

—

o s

/ Chalk with layers of flints (inaccessible) - - 1

Seam of flint, nearly continuous, but breaking
here and there into nodules

Rather hard white chalk with scattered flints,

yielded a typical Micraster coranguinum and
Echinocorys scutatus - - - -

Contiriuous seam of flint - - - -

Rather soft white chalk with a few scattered flints
near the base - - - - . .

Soft mealy chalk, with lumps of hard yellowish
compact chalk, with Micraster jyrmcursor s.nA
other fossils - - . . . .

Thin seam of marl - - . - .

A massive bed of firm white chalk, with a few
scattered flints near the base

Ft. in.
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common. This may be regarded as the base of the Actinocamax
quadratus zone. The large pit on Warning Camp Hill shows
chalk with some thin flint floors and frequent layers of flint

nodules, and is probably in the Act. quadratus zone, though its

base may be in the lower zone, as Mr. Ehodes found a Marsupites-
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 zone
of Act. quadratus, though no Belemnite was found.

The following is a list of fossils obtained. by Mr. Rhodes from
the quarries above mentioned :

—

Houghton.
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CHAPTER V.

THE UPPER CHALK IN SOUTH AND CENTRAL
HAMPSHIRE.

General Description.

Under this head we shall describe what is known with regard

to the zones of the Upper Chalk in that part of Hampshire whicli

lies south of a line drawn midway between the limits of the Tertiary

Ijasins of London and Hampshire, and we may consider such a

line to pass through the towns of Andover and Micheldever.

This area includes the prolongation of the southern axis of the

gi-eat Wealden uplift, the anticline which runs through Peters-

field and Winchester. It also includes an axis which crosses the

valley of the Test near.Stockbridge, which was first discovered

by ProfessoT- Barrois in 1876 ; this anticUne may be a prolongation

of the first, but we are inclined to regard it as a separate subsidiary

axis, setting in rather to the north of the point wheie the Win-
chester axis appears to die out.

Erom these two anticlines the beds dip gently to the noi-th,

and soon become flattened out o?er the central part of the bioad

area of the Chalk ; southwards the dip is a little steeper, and is

steadily maintained till the higher zones are carried beneath the

main boundaiy of the Eocene series.

Further south, and within the Eocene area, there is another
important anticlinal uplift, that of the Portsdown and Chichester

anticline, which brings the highest zones of the Chalk up to the
surface along an area about two miles in breadth to the north of

I'ortsmouth and Chichester harboius.

The chalk of the southern part of Hampshire is, of coui'se, a

continuation of that of Sussex, and, so far as we know, the several

zones present the same general characters in Hants as they do
in Sussex: Apart from the special abundance or restriction of

certain species of fossils by which the zones may be recognised,

they ai'e also distinguishable to a certain extent by the charactei's

and relative abundance of the flints which they contain. Thus,

those in the two lowest zones are generally solid and dark
grey iiiside, this grey flint often blending gradually into a

white crust. The zone of Micraster coranguinum contains a

lai-ger quantity of flints per cubic yard than any other part of the

Chalk ; the layers are nearer together and the flints are often

large, and frequently of a reddish or brownish colour, but often

cavernous, and enclosing remains of Sponges and of Bryozoa.
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The zone of Marsupites presents a great contrast in having but

few flints, either scattered or arranged along planes at distant

vertical intervals, and occurring but sparsely even along such a

plane. In the zone of Actinocamax quadratus flints become more
abundant again, but there is generally from 3 to G feet, and some-

times as much as 10 or 12 feet of chalk between the layers of

flints ; moreover, the flints are generally small, or rather small,

sohd and black inside, with a moderately thick white crust or rind,

which is often stained yellow on the outside. In the zone of

lielemnitella mucronata flints occur in layers at still more frequent

intervals, but they are generally small, rounded, and have only a

thin white crust.

No precise estimates have yet been made of the thickness of

the several zones, but Mr. Ch. -Griffith, of Winchester College, to

whom I am indebted for much information respecting the Chalk
of Hampshire, agrees with me in thinking that the following

estimates are approximately correct:—
Zone of Bel. mucronata - about 80 feet.

„ Act. quadratus - - 200 „ or more.

„ Marsupites - - 150 „
Micr. coranguinum - - 200 „ or more.

„ „ cortest. and H. planus 50 to 60 feet.

from 680 to 700 feet.

Owing to the irregular outcrop of the beds, it will be convenient

to describe the exposures in separate areas from east to west.

1. Outcrops near Alton and Petersfield, with Inlier

of portsdown.

The zone of Holaster planus is believed to pass from
Sussex into Hampshire on Butser Hill, south of Eamsdean and
Petersfield. Thence a line for the representative of the Chalk
Rock has been drawn westward along the summit of the downs
that form the southern border of the Meon valley to Combe,
and thence for some distance down the valley which opens west-
ward from that place. Eeturning, it passes by Drayton, north-
west of East Meon, and thence eastward to Bordean and Proxfield,
whence it runs north-westward again in an irregular manner.
But my colleague, Mr. Hawkins, informs me that there are no

good sections in this district, and that he found no exposures of
Chalk Rock or har^ nodular chalk, so that the line engraved on
the new one-inch map of the Geological Survey is merely an
approximate boundary drawn below all exposures of the " chalk
with many flints."

More recently Mr. C. Griffith has found the chalk with Hoi.
pZa?ius exposed in a chalk-pit, near Becksteddle Farm, south of
East Tisted, and a^ain in a cutting on the new railway line
nearly 3 miles N.W. of Alton.
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Higher Zones,—Along the continuation of the South Downs
into Hampshire there are occasional exposures of chalk with many
flints, which probably belong to the zone of Micraster coranguinum

.

The only zonal identification of any exposure in this district,

however, is that of a small quarry near Clanfield, about 5 miles

30uth-we,it of Petersfield, where Messrs. Griffith and Brydoni-

have found AIarsupites--pla.te3 and about thirty other species of

fossils, a Hst of which they have kindly placed at my disposal

(see p. 65). The chalk is soft white, and contains many solid

black flints scattered through it, but not in layers.

The zone of Actinocamax quadratus comes on further to the

south, and was identified by Professor Barrois, who remarks

:

" Many quarries are open at Seberton, the chalk dipping at 5° to

the south, and containing many black flints, rather large and ol

rounded shapes. At Inklefield Farm a quarry shows chalk in

contact with the Eocene, with very many flints in regular layers

about 5 feet apart ; they are rounded and black throughout.

Echinocorys ovatus is abundant, and I also found Spondylus latus."

It is very probable that this chalk at Inklefield belongs to the

zone of Belemnitella mucronata, for though that has not yet been

recognised as existing along this part of the Eocene border, still

it is found in the Portsdown inlier to the southward.

The Portsdown inlier extends from the south of Havant
to tthe north of Fareham, and is a tract of chalk brought

up within the Eocene area by an anticlinal axis. The
zone of Belemnitella mucronata was recognised here by
Professor Bari'ois, and the following is a translation of his

account of the district :— " There is first a series of quarries at

the base [of the hills] by Bedhampton, Farlington, Cosham, and
Paul's Grove, in which flints are either few or entirely absent.

Where there are few ffints, as at Paul's Grove, the chalk is identical

with that of Margate, both in its mineralogical characters and in

its fauna. These quarries show a thickness of about 160 feet of

chalk belonging to the zone of Marsupites. In that at Farlington,

as well as at the bottom of the large quarry at Paul's Gi'ove, there

is a yellow nodular band, which is possibly the same as that seen

at Bottingdean (near Brighton) .... At the top of the hills

the chalk contains many flints ; it can be examined near Bed-

hampton, Belmont Castle, and especially in the ditches of the

forts which have been constructed on these heights—Fort Nelson

and Farhngton Fort ; at the latter the beds dip northward. At
12° flints are numerous, rounded, black with a thin white rind,

and some are hollow .... About 60 feet of such chalk is visible,

and it belongs to the zone d Belenvnitelles (rviveau de Meudon).

The Gardiaster Heberti and Belemnitella mucronata which I

found are quite characteristic." (" Eecherches," p. 34).

It is only necessary to remark that the lower zone referred to is

that of Actinocamax quadratus and not that of Marsupites,
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and that tlie remark that it is identical with the Margate Chalk is

not quite correct.

2. Winchester District.

The zone of Holaster planus is exposed at several places

near Winchester. The junction of the zones of Terebratvlina

and Holaster flanus was formerly well exposed in a large old

quarry on the western side of Twyford Down, but Mr. Griffith

informs me that a large part of this is now obscured by talus, and

only small exposures exist at the top and bottom of the pit.

Fortunately, however, Prof. Barrois found the section fairly clear

when he was in England, and has recorded it on p. 41 of his

" Eecherohes." He says the dip observable here was 8° to the

south, and the following is a translation of his account, read in

descending order :
—

Ft. in.

9. Chalk with layers of flints, which are generally

cavernous. Inocerami with thick shells - - 1.3

« [8. Nodular chalk with numerous flints, partly covered

I a3 by talus, Micraster cortestudinarium 33

>S g { 7. Nodular white chalk, with Holaster planus,

Micraster breviporus, Rhynch.Cuvieri, Spondylus

spinosus, etc. - - - - 6 6

/6. Layer of grey clay* ... 1|

5. Very nodular chalk - - 13

4. Layer of yellow nodules in white chalk - 8

3. Compact white chalk, Terehratulina gracilis

[? var. lata] - - - - - 8

2. Band of soft marl - - - - - 6

1. Compact white chalk, with bands of marl, a few
, scattered black flints - - - - - -13

S O

About 80

Prof. Barrois does not indicate any zonal limits, and the brackets

are consequently mj' own, the base of the H. planus zone being

placed where that species and Micrasters first become common
fossils. No. 9 may belong to the overlying zone, to which Prof.

Barrois refers the beds seen in an adjoining quarry by the side of

the road a little further south. He describes the chalk in this pit

as hard and nodular, containing brownish-black flints of irregular

shapes, and the following fossils : Micraster cortestudinarvum,

M . breviporus ?, Holaster placenta. Of this quarry Mr. Griffith

writes :
— " The chalk is gritty and rather soft when wet, much

harder when dry, so that fossils are otfen difficult to clean. The
pit has been continuously worked and well searched for fossils,

and has consequently yielded a long list of species with some of the

rarest forms. Casts of Cephalopoda and Gasteropoda are fairly

common at times." He considers the chalk to be part of the zone

of Holaster plarms
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This zone is also exposed in a quarry by the railway crossing at
St. Cross, tvhich has yielded a few of the usual fossils.

Ml'. Griffith considers it doubtful whether any 'definite zone
of Micraster cortestudinarium can be distinguished in the Win-

chester district, but specimens apparently referable to this species

were found in the tunnel under St. Giles's Hill, and in the cutting

at the northern entrance to the tunnel, which he believes to be

in the base of the M. coranguvnum zone.

The zone ofM. coranguiniuu is sho^vn in pits near Alresford,

Ovington, Itchen Abbas, Chilland, Martyr-Wortley, and Easton,

Professor Barrois remarks that in all these quarries the dip is to the

north, that flints are numerous, brownish and banded (zones),

occurring in layers at distances of 3 to 6 feet apart, and that speci-

mens of Micraster coranguinum are abundant and well preserved. *

To Mr. C; Griffith, of Winchester College, and to Mr. E. M.
Brydone, F.G.S., I am indebted for the following particulars :

—
The chalk of the railway cutting near Headbourne Worthy prob-

ably belongs to the M. coranguinum zone. The record of Marsujntes

there is based on a single plate found many years ago by the Eev.

A. B. Burnett, but neither Mr. Griffith nor Mr. Brydone have

ever found one, and the latter writes :
" The relative abundance

of Galerites and Gidaris would lead me to refer it to the M. coran-

guinum zone." The base of the zone is exposed in a cutting beyojid

the northern end of St. Giles' Hill tunnel, where the dip is about

GJ° north. Higher beds are seen in the next cutting to the north

and in quarries north-east of Winnal, from which many fossils

have been obtained by the members of the Natural History Society

of Winchester College.

A little further to the north-east are two other quarries, one
south and the other west of the village of Easton. Of that to

the south Mr. Griffith writes :
—

" The chalk is soft ; flints are

numerous, both scattered and in layers; they are of various sizes

and shapes, the interior black, the outer skin fairly thick to thin,

white, but sometimes showing a pinkish tinge. At the south end
of the pit is a large sand-pipe filled with clayey gravel. Fossils

are less numerous than at Winnal."

There seem to be no exposures of the M. coranguinum zone on
the southern side of the Winchester anticline. Professor Barrois

referred the chalk seen to the south of Compton to this zone, but

as the Winchester collectors have found that Offaster pillula is

the most abimdant fossil in the pit and road-cutting, which are

the only exposures there, this chalk cannot be older than the

Mar'supites zone, and most probably belongs to the zone of Act.

quadratua.

The Marsupites zone.—According to Professor Barrois, the

chalk of this zone completely surrounds the Winchester uphft,

and he may be correct. It is certainly present on the western

• Recherches sur le Terr. Cr^t. Sup., 1876, p. 39.
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and eastera sides, and probably on the soiilliern, but it is doiibtf ul

whether it conies in on the northern side between Winchester

and Micheldever. To the south of Winchester it should come in

somewhere near Compton, but there seems little space for it and

the M. coranguinum zone as well, nor have any Marsupites-Tp\aiea

yet been found at any of the exposures near that village. Possibly

there is a line of fault across the valley there.

East of Winchester, and near Alresford, there are several ex-

posures in this zone. It is seen in the railway cutting at Alresford,

in that at Eopley, and in two pits on the road from that place to

Petersfield, nearly three miles south-east of Eopley Church. Mr.

Griffith writes that the chalk in these sections is soft, and contains

many scattered flints, which are solid and black inside, but have

thick white rinds or crusts, the outside surface being often of a

yellow colour. Plates of Marswpites are common, together with

the pyramidal variety of Echinocorys scutatus, and the short thick

barrel-shaped variety of Bourgxieticrvrms, both of which are

especially characteristic of this zone in Hampshire.

The zone of Actinocamax quadratus forms a broad

band along the northern border of the Eocene area south and

south-west of Winchester, and is exposed in pits at Shawford,

near Twyford, Hensting Farm, and Harwell road, and in three

pits at Hursley. My informant, Mr. Griffith, describes the chalk

seen in these pits as soft and white, massive where unweathered,
with many flints, both scattered and in layers, at distances of

.3 or 4 feet apart.

North-east of Winchester Mr. Griffith has found it at Lyeway,
near Ropley, but nowhere else in a northern direction within

the limits of the area we are now dealing with. It has a wide

extension in the more northern part of Hampshire.

The zone of Belemnitella mucronata may also emerge in .

places along the border of the Eocene tract, though the evidence

for it so doing is not at present very strong. Mr. Griffith com-
municates the following facts regarding its occurrence. A speci-

men of Bel. mucronata was found recently (February, 1898) in a

pit on the western side of the railway at Shawford. Again, at

Bishops Waltham in a pit by the gas works there is chalk, with
many very thin-skinned flints, which has yielded Magas piimilus,

a fossil which rarely occurs below the zone of Bel. mucronata in

Hampshire.

There can, of course, be no doubt that the zone of Bel. mucronata
exists beneath the Eocene area, since it is present at Portsdown
and also near Salisbury, as will be presently shown ; it is conse-

quently mereVy a question whether its outcrop is continuous
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round the border of the Eocene Beds or whether these latter

overlap in places so as to rest on the lower zone of Act. guadratv!'.

3. Stockbridge and the Valley of Test.

Professor Barrois was the first to point out that the two main
anticlinal axes of the Wealden uplift were prolonged through the
Chalk plateau of Hampshire. In descending the valley of the
Test he discovered that the base of the Upper Chalk was brought
up by an anticlinal flexure near Stockbridge, and he inferred

that this was a continuation of the Winchester axis.* Kot having
been able to visit this country ourselves, we cannot do more than
give a translation of Professor Barrois' account. He says :

" To
the south of ^Miitchurch and Andover the general inclination

of the beds becomes northerly, so that the zone of M. coranguinnm
soon makes its appearance in this direction. The heights [above

the valley] consist of the Marsupites chalk, but at the level of the

river Test at Middleton, near the farm of South Side, is a quari-y

which I refer to the zone of M. coranguinuTn. The section is as

follows :—
Ft. in,

4. White chalk without flints, resting on the indurated
surface of that below - 3

3. Chalk with numerous layers of flints, which are hoUow
and full of sponge spicules, M. coranguinum, Echino-
conus conicus, and other fossils - 16 G

2. Thick continuous seam or floor of flint i

1. Chalk forming the floor of the quarry.

" To the South of Middleton, by Drayton and Van Dyke, the

flints are banded (zones) and in regular lasers. The river Anton
traverses the same beds, and a quarry at Cottonworth shows the

M. coranguinum, chalk dipping north at 6°.

" At Kilecombe Bridge is a large quarry in soft white chalk

with layers of flints from 2 to 3 feet apart, but poor in fossils

;

similar chalk continues as far as Leckford
" Near the bridge over the railway at Longstock the chalk is soft

and homogeneous, with many flints, small, black, and scattered

;

it is divided into beds about 18 inches thick either by flint layers

or by seams of marl, and dips at 2° to the north ; Micraster coran-

guinum, Inoceramus involutus, Rhynckonella plicatilis occur.

Above Longstock there is chalk with many flints in layers about

a foot apart .... separated into beds by layers of marl ; frag-

ments of large Inocerami abound in this quarry, forming con-

tinuous layers. This chalk may also belong to the M. coranguinum

zone."

Nearer Stockbridge, however, he found chalk with Micraster

cortestudinarium,, iuid south of that place nodular chalk mth

•Eecherches, 1876, p. 52. As already stated, however, it may be an

independent axis. ,
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Holaster planus and Scaphites G-einitzi, but both these species

appear to be rare, and Messrs. Griffith and Brydone are inchned

to consider this exposure to be in the zone of M. cortestudinarium.

Nothing is visible which can be called " Chalk Rock." At Marsh
Court Farm is a quarry which Professor Barrois describes as

showing the junction of the zones of M. cortestudinarium and M.
coranguinum, but this supposition appears to be based mainly on

the occurrence of a marked plane of division below the marly

seam. The section he gives is as follows :
—

Feet.

White chalk, with irregular layers of hollow black flints,

M. coranguinum ....--- 20

Seam of light grey marl.

Chalk with solid black flints, its upper surface worn and
** indurated ... - 1

As Hoopers Bottom Farm is another pit, which he referred to

the upper part of the M. coranguinum zone, and at Park House
Farm he saw chalk with few flints dipping at about 8° to the south,

and referable to the Marsupites zone, and from it he obtained

Marsupites testudiiiarius, Galerites albogalerus, Echinocorys gibbus,

and Bourgueticrinus _ellipticus. This exposure Mr. Griffith has

not been able to find.

" The last exposures," writes Professor Barrois, " are just

below the Tertiaries near Mottisfont Station ; in these fine quarries

the dip is 3° to the south ; the chalk is soft and white with few
flints in the lower 50 feet, but in the upper 50 feet ffints are more
numerous in layers, light grey and slightly banded." From
these pits he obtained Inoceram/us lingua, Pecten cretosus and

Offaster pillula, and there can be little doubt that the upper
beds are what we now refer to the zone of Actvnocamax quadratus. *

Fossils from the Upper Chalk in the South and Central

Parts of Hampshire.

For the following list of fossils I am indebted almost entirely

to the researches of Mr. Ch. Griffith, of Winchester, and Mr.
R. M. Brydone, who have collected carefully from all the most
accessible exposures in the central part of Hampshire. They
have furnished me with lists of the species found at each locality,

and it is from these lists that the one now printed has been drawn
up. Most of the specimens are in the Museum of the Winchester
College Natural History Society.

Most of the species listed under the head of Portsdown are

quoted from Professor Barrois' work (" Recherches " pp. 34 and 52).

*Mr. Griffith informs me that A. granulatus does occur in the upper
part of the quarry. The lower part is obscured by t^lus.
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OHAPTEE VI.

THE UPPER CHALK IN SOUTH WILTSHIRE.

General DiiscEiFrioN.

The area occupied by tlie Upper Chalk in South Wiltshire is

shown in the map in Volume I. of this Memoir, p. 248, whereon
the outcrop of the Chalk Rock has been delineated. It will be

seen that this is an extremely irregular line, running for a loi;g

distance down the valley of tiie Wily, and then westward till it

climbs to a very high level on White Sheet Hill, north of Mero.

On the northern side of the vale of Wardour the continuity of the

outcrop is broken by a powerful fault, which curves south-eastward

near Baverstock, and truncates the eastern end of the vale.

On the south side of the Vale of Wardour the lower beds of the

Upper Chalk form the highest part of the ridge, which ends in

another at White Sheet Hill, east of Shaftesbury, a ridge which
separates the Vale of Wardour from the Vale of Broad Chalk.

The structure of the latter is clearly shown by the mapping of the

Chalk Rock, and is proved to be a succession of dome-shaped uplifts

(three or four) arranged along an anticlinal axis. This axis is

prolonged eastward across the valley of the Avon, and is continued

in the tract of chalk which indents the boundary of the Eocene

north-east of Downton.

From this anticlinalaxis the Upper Chalk dips northward under

what may be called the Salisbury synoline, 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 greUt thickness of Upper Chalk comes in. In

most other parts of the district no higher zone than that of Micraster

coranguinum is found. In describing the local development of the

several zones it will suffice to give particulars of some of the best

exposures of the lower zones, and then to concentrate our atten-

tion on the neighbom-hood of Salisbury.

In South Wiltshire the zone of Holaster planus has the true

Chalk Rock aspect, always containing two or more beds of hard

compact yellowish limestone with layers of green-coated nodules.
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It is not often, however, that the whole of the Chalk Rock beds

are exposed in one section, and a visit to some localities might lead

the observer to believe that there were only a few feet of such rocks

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 group expands by the intercalation of separate beds of lumpy

chalk, some of which are hard, and others consist of hard lumps in

soft mealy kind of chalk ; the whole group is then from 20 to 26

feet thick, always having a hard rock-bed at the base, and another

at the top. ._ :

Above the uppermost bed of rocky chalk we find softer but

still lumpy chalk containing many flints, and often thin seams

of flint, while there are no flints in the Chalk Eock beds. These

higher beds contain Micrasters of the cortestudinnrium type, and

may be referred to the zone of that species, but other fossils are few.

There are few good exposures of this zone, and its upper limit has

nowhere been satisfactorily fixed, but it is supposed to be 40 or

50 feet thick in the valley of the Wily. *

The succeeding zone of Micraster coranguinum is as usual of

considerable thickness (more than 200 feet), and is believed to

occupy the larger part of the surface area of Salisbury Plain ; it

also occupies some space west of Salisbury and north of the Vale of

Wardour. Its lower beds contain many cavernous flints, often of a

reddish tinge inside, its middle part black flints with a milky

white band, and the upper beds grey flints with a thick white crust

or rind. ,

\jThe only part of South Wiltshire in which the higher zones of

the Upper Chalk have been carefully studied is the neighbourhood

of Salisbury. Some account of this was given in 1876 byProfessor

Earrois (op. oit. pp. 54, 64 ). Dr. Blackmore has been collecting for

maay years from all the quarries within a radius of five or six miles

of Salisbury, and has kindly placed the results of his labours at my
disposal. I had the further advantage of visiting most of the

exposures near Salisbury under his guidance in 1890. It is from

these materials that the following account of the upper zones has

been compiled.

What has been said respecting the different characters of the

flints in the successive zones of Hampshire (see p. 57) is equally

applicable to those in the Upper Chalk of Wiltshire, and special

notice of the flints will be taken in the following pages.

The total thickness of Upper Chalk exposed in this district

i.s between 700 and 750 feet. The following estimates of the

* This area was examined long before the publication of Dr. Rowe's work
on the genus Micraster, and no attempt has yet been made to fix the limits

of the lower zones in Vriltshire by means of the Micrasters.



SOUTH WILTSHIRE. 71

thicknesa of the several zones are based on information com-
mujiicated by Dr. Blackmore :—
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Down. I*ig. 35, is a sketch of this quarry as seen in 1889, and th&

following is a description of the beds :—

Thin soil with chalk rubble below - * *.

5. White chalk, rather hard, splittiag into beds with a
line of thin lenticular flints and a layer of large

flint nodules at the base
4. Hard chalk-rock full of green-coated nodules and

many rough flint nodules
3. Very hard, compact, cream-cold limestone (about 12

inches), passing down into hard nodular chalk

with green grains - in all about
2. Hard yellowish clialk-rock, with green-coated nodules

projecting in weathered face

1. Very hard solid rock, passing down into nodular
chalk - . . • . seen for

Fossils are rare, and the beds are almost horizontal.

Ft.

2 6

3

6

2 9

1

2

12 3

Fig. 35.—View of Quarry on Boreham Down.

The following notes are contributed by Mr. F. J. Bennett—

A quarry west of Tinker's Barn, north of Heytesbury Park,

gives a similar section, showing about 7 feet of white rubbly chalk

with flint nodules and a broken seam of grey flint, overlying hard

cream-coloured chalk rock with layers of green-coated nodules,

seen for 5 feet.

Another section, exposing 13 feet of chalk with flints, and 8 feet

of yellowish rocky beds, can be seen in the yard of a barn north of

Upton Lovell.

Theie are other exposures near Codford, Sherrington, and Wylye,
but the most complete one in this valley is the quarry at Steeple

Langfctrd, about 360 yards E.N.E. of the church. I am indebted
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to the Rev. W. B. Andrews, F.G.S., for the following description

and for the photograph from which Fig. 36 has been drawn.

J^p---rl\ 6

>r:;^v^r-^

:a:.^j%>S^r-.

Fig. 36.—Yiew ox Quarry at Steeple Langford.
Vl. in.

1 & 2. Soft white rubbly chalk with a few scattered black

flints and a layer of such flints at the base -
fi U

m /3. Very hard nodular yellowish limestone, with many
green-coated nodules, passing down into less hard
nodular chalk '' 4 1)

4. Similar hard limestone with nodular chalk below - 4 G

5. Course of hard rocky chalk - - - - 10
6. Eock and nodular chalk, like No. 3 - - 4

7. Eock as before, passing down into less hard nodular

\ chalk - - ... 46
8. Thin layer of grey marl - - 3

9. Massive white chalk - - - seen for 6

3
d

o

o

About 30

Nos. 8 and 9 belong to the Tcrebratulina zone. The beds

of Chalk Rock here have a total thickness of 18 feet and

probably represent the whole zone of //. planus in a locally con-

centrated form.

Mr. Bennett found that the upper part of the Chalk Rock was

also visible in the river cliff about a quarter of a mile north-west of

Wishford church, 10 feet of the rocky beds with green-coated

nodules being overlain by 12 feet of nodular white chalk containing
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five layers of nodular flints, and three continuous layers or flint

floors. These 12 feet may be referred to the zone of M.
cortestudinarium.

A quarry just east of the cross-roads at Stapleford is probably

opened in the latter zone. Mr. Bennett informs me that it is about

20 feet deep, and combining his account with that given of it by
Dr. Barrois, the section, now much talused, appears to have been :

—
Feet

Hard white chalk with a few black flints and several flint

seams, Cidaris subvesiculosa and Micraster cortestudi-

narium i - 10
Hard nodular chalk with yellowish stains - 3
White chalk with flints, both nodules and continuous floors,

talused, but dug for - - 7

What appears to be the summit of this zone, and its junction

with that of M. coranguinum, is exposed in a quarry at the- north

end of Wishford ; the following is Dr. Barrois' account, with the

thicknesses corrected by Mr. Bennett :
—

Feet.

Soft white chalk with many layers of flints and several flint

seams, also joints filled with flint. Echinocorys gibbus and
Micraster coranguinum 15

Hard yellowish nodular chalk " " i
Rather hard chalk with scattered flints - 6

Chalk which inay be in or at the top of the same zone is exposed

also in the valley of the Avon between Lower and Upper Woodford.

At Middle Woodford there is a large pit which has been described

by Dr. Barrois (" Eecherches," p. 53), and of which I took the

following notes in 1890 :
—

Feet.

Soft white chalk with many layers of flint nodules, and some
large masses of flint - -24

Hard yellowish nodular chalk with marked plane of division

at top - - - - - 2

Hard yellowish nodular chalk, with nodular upper surface,

enclosing many flints of irregular shapes and often hollow,

with Dofyderma ramosum - - - - 2

Softer white chalk with numerous flints and a seam of con-

tinuous flint . - - . . - - 10

The beds are nearly level, with a slight inclination to the south.-

Fossils are fairly abundant, and from the nodular beds and the under-

lying chalk I obtained Micraster prcecursor, Cidaris clavigera

(spines), Echinocorys gibbus, Terebratvla semiglobosa, and- Rhyn-
chonella reedensis. Mi\ Bennett afterwards obtained a specimen

of Cosdnopora infundibidiformis. It is possible that the uppeT
beds may belong to the /one of Micraster coranguinum, in which
case the higher bed of nodular chalk may be regarded as the top

of the zone of M. cortestudinarium.

From Wishford the outcrop of the Chalk Rock runs westward
along the southern side of Wily Valley, in and out of the
combes which open into that valley, as far as Boyton (see Map
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in the first Volume of this Memoir, opposite p. 248). Thence
it passes westward to the Valley of the Deverill, and a good
section is exposed in a quarry at Kingston Devenll, for the
following particulars of which I am indebted to Mr. J. Scanes,

of Maiden Bradley :

—

Feet.

White nodular chalk with a layer of brown clay at the base 6

J

Chalk Rock, in regular beds from 12 to 18 inches thick, each
having a layer of green-coated nodules at the top - 7

Another good series of sections in the zones of Holaster jUanus

and Micraster cortestvdinarium can be found along the north border

of the Vale of Wardo\ir from. Mere to Barford.

The Chalk rock beds are quarried on Mere Down at a height

of about 650 feet about a mile north of Mere. The quarry shows
14 feet of rough nodular chalk resting on beds of hard Chalk Eock,

seen for nearly 3 feet, with two layers of green-coated nodules.

Fi'om tlie nodular beds Mr. Scanes obtained and sent to me the

following speciea : Ptychodus latissimMS, Inoceramws Cuvieri,

Spondylus spinosus, Terebratula semiglobosa, Micraster Leskei,

M. precursor, and Echinocorys scutatus (pyramidal vaiiety).

Thence the outcrop of the rock-beds descends steadily and rather

rapidly till it runs down to the great fault line at a height of a little

over 400 feet near West Knoyle.

A good section, bringing a considerable thickness of beds into a

small space because of the high dip on the south side of the fault,

occurs in a pit by the road side, near Chapel Farm, north of Upton.

The descending succession seen by me in 1890 was as follows :
—

Feet.

7n p f f
Hard white chalk with many layers of flint nodules,

Yf. J
large and small and of irregular shapes 20

'
l*""! 1 Hard white chalk with three continuous seams of

cortest. [ flj^^^ . 2

/Hard rough yellowish rock, passing down into rough

y r gritty chalk - 1^
°^%° j Hard nodular chalk with a few flints, many
Hoi.

\ Micrasters - - -about 20
p anus.

jjju-^ chalk-rock with two layers of green-coated

I nodules, forming a ridge in the pit floor - 3

About 46

A good section of the zones of Holaster planus and Terebratulina

is visible in a quarry by the side of the road from East Enoyle to

Hindon The beds shown here are ;—
Feet.

White chalk with many flints and several thin seams or floors

of flint - -

.

9

/ Rough yellowish nodular sandy chalk, with green

grains and a few flint nodules - - Ij

Zone of I Hard gritty nodular chalk, a seam of yellow-coated

jk. (
nodules at the top, and others less well marked

planus. below ; no flints - - - 12

Hard yellovrah chalk-rock with layers of green-

coated nodules, breaks into massive blocks - - 3i
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Terebra- /Firm white chalk in thick beda- - - about -50

tulina 0owe.\Greenish marly seam.
Hard cream-coloured chalk, probably the top of the zone

of Rhynch. Cuvieri . . - - - -2

75

Fossils are not abundant, but Micraster prcecwsor occurs in tlie

nodular chalk.

Another section by the tunnel, south-east of Hindon, shows

how the beds alter in a short distance. This is as follows :
—
Feet.

Tough white chalk with a few flints - - - - 8
Hard yellowish rock (1J feet) passing down into hard nodular

chalk with green grains - - _ "3^
Hard yellowish rock passing down into" greyish nodular

chalk with two subsidiary layers of rock
;
green grains 6

Hard yellowish rock (1 foot) passing down into hird lumpy
whiter chalk - seen for 5

This is probably the upper part of the H. plamus zone, here assiuning

the " Chalk Eock " character throughout.

From this point eastward, the zone of Hoi. pla/tius is only occa-

sionally seen in small exposures ; At the eastern end of the Vale,

however, on the upthrow side of the fault, the Chalk Rock beds

are well exposed in the railway cutting at Barford. The des-

cending section taken by me about 90 yards from the west end
of the cutting is as follows :

—
Ft. in.

Hard lumpy chalk with scattered nodules of black flint,

very gritty and yellowish in some places (? zone of M.
cortestudinarium) 12

Hard and heavy nodular limestone with yellow stains,

in two layers, the upper full of green-coated nodules - 1 3
Hard yellowish limestone passing down into hard rough

nodular chalk - 34
Parting of white shaly chalk.

Hard nodular chalk - -----13
Hard yellowish limestone with a layer of green-coated

nodules at top, passing down into rough lumpy chalk.
Ter. carnea and Micraster prcecwsor - - - - 7

Soft yellowish-grey marl - - - - 3
Rough nodular chalk with yellow stains, very hard in

places : some fossils - - - - 4 6
Parting of buff shaly marl.

Nodular white chalk with two layers oi grey sandy and
shaly chalk - ...'.-46

Hard nodular limestone with a layer of green-coated
nodules, probably the bottom bed of Chalk-rock
Micraster corbovis and Ter. sem-'alobosa seen for 3

It will be seen that the zone of Holaster planus or Chalk Rock
has here a thickness of over 25 feet. The thickness of the over-

lying lumpy chalk is uncertain, but in the cutting east of the
bridge 5 feet of it are seen overlain by soft white chalk with four
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continuous layers of flint, and as the upper rock bed occurs at

the base of this cutting there is probably from 15 to 16 feet of

the lumpy chalk between, containing Micrasters of the cortestn-

dinarium type.

Part of th# same set of beds is exposed on the south side of the

valley ia the road cutting at the head of the " Punch Bowl," near

Burcombe. Here the upper beds are much weathered, but the
junction with the zone below is clearly exposed, the section seen

in 1890 being as below :

—

Zone of

Hoi.planus
\

(26 feet),

Ft.
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2. The Upper Chalk near Salisbury.

Zone of Micraster coranguinum.

The quarry at Middle Woodford, north of SaUsbury, has been

described on p. 74, and the probability of its being opened at the

junction of the zones of M. cortestudinarium and M. coranguinum

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 them stained red or reddish with

iron oxide; this is certainly in the zone oi Micraster coranguinum,

that fossil and Eckinocorys 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, the hollows showing traces of Doryderma
ramx)sum, and some having drusy cavities filled with quartz

crystals. Several layers, however, consist of solid flints stained

red or brown by iron. Micraster coranguinum, Galerites albo-

galerus, Cidaris hirudo, Ostrea semiplana, Inoceramus Guvieri, and
other fossils have been found here.

On Camp Down, between the valleys of the Avon and the Wily,

there is a large pit near the, main road showing 25 to 30 feet of

chalk with similar thick-rinded flints, many of them showing
pink, white, and grey bandings, and being of very irregular shapes

with knobby or cornute projections. Fossils are scarce, but

twenty species have been found by Dr. Blackmore and Mr. G.

Westlake, and prove it to be in theikf. coranguinum chalk, though
it must be near the top of that zone.

The zone of Micraster coranguinum probably occupies a large

part of the surface of Sahsbury Plain, and is deeply trenched by
the rivers which traverse that plain. West of Salisbury it also

occupies some space round Quidhampton, Wilton, and Nether-
hampton.

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 I obtained Micraster coranguinum., Epiaster gibbus,

Terebratula carnea, Inoceramus Guvieri, Lima Hoperi, and Ostrea

vesicularis, and Dr. Blackmore has found a few other species.

(See list, p. 84 et seq.)

The higher part of the zone is exposed in a pit by the Eoman
road south of Netherhampton. When seen in 1890 much of it
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was hidden by talus, but the chalk exposed contains numerous
flints like those at Camp Down ; the flints have the same pink
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 Chalk river, a

portion of the central part of the zone is exposed a little south

of Odstook, 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 flint

a little distance beneath the surface. Fragments of a large

Ijioceramus 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 sohd

plain black and dark' grey flints, and fragments of Inoceramus

shells are abundant. A pit about a quarter-mile to the south-

west shows about 16 feet of chalk, containing layers crowded with

irregular shaped flints about 2 feet apart, and most of them have

the cloudy white zone above mentioned, 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 Ufford,

shows some interesting featm-es ; 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 fiint

Firm solid chalk without flints

Soft loose marly chalk crowded with flints

Solid bedded chalk, with few flints

Soft marly chalk
fihalk with many scattered flints -

23 6

The beds are broken by a small 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 Micraster

coranguinum, Galerites albogalerus, and Inoceramus involutus.

The, upper part of the M. coranguinum chalk is exposed in the

railway cutting at Witherington, north of Downton, and the beds

which ^correspond with those at Camp Hill dip at 14° to the south,

and there are other exposures on the eastern side of the Avon.

On the western side of that river its basset surface must occupy a

considerable tract of country south of the Broad Chalk valley.

Ft.
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Zone of Marsupites.

The chalk of this zone is exposed at several places, and both
the Uintacrinus and the Marsupites bands have been located by
Dr. Blackmore.

What is probably the lowest part of the Uintacrinus band is

exposed in a pit on the northern side of Old Sarum hill, the

chalk is soft, with a few scattered flints not in layers. These flints

have thick rinds which are banded in layers of white and grey,

and are soUd 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. From 12 to 15ft. is seen, and
Dr. Blackmore has obtained ZHntacrinus and other fossils.

The higher part of this band is well shown in the quarry at the

whiting-works at Highfield (Msherton) ; this is about 50 feet deep

in soft white chalk ; flints are not numerous, but occur sparsely

along planes which are about 10 feet apart. Most of them are

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 pit floor, and found
the same kind of chalk, but the flints have a white rind. Acti-

nocamax verus, small Kingena lima, and the ovate variety of

Echinocorys scutatus are common here. Remains of Uintacrinus

have been found, and twenty-five specimens of Ammonites
[Haploceras] leptophyllus, with other fossils (see p. 84). A single

plate of Marsupites was obtained from the top of the pit, and
doubtless marks the base of the Marsupites band.

The Marsupites band was exposed in the cutting west of the

tunnel on the L. & S.W. railway north of Salisbury at a level of

about 220 feet. It is also seen in a pit on Bishops Down just

half a mile to the northward, at a height of from 280 to 300 feet

above O.D. This shows soft white chalk, with more numerous
flints, all having thick white crusts. Plates of Marsupites and
joints of Bourgueticrinus are very abundant at this locaUty, and
a specimen of Am. [Hapl.] leptophyllus about 2 feet in diameter was
found in 1893. Thus we may estimate the Uintacrinus band
at about 70 feet, and the Marsupites band at about 50 feet,

making a total of 120 feet from the zone. Dr. Blackmore informs

me that in 1893, a well was sunk at the Salisbury Waterworks
which are north of the town, at a level of 200 feet, and just south
of the railway cutting, in which plates of Marsupites were
abundant. Yet the well, which is 70 feet deep, traversed chalk

with occasional layers of flints exactly like those of Highfield.

The first layer met with was 45 feet from the surface, and one
Marsupite plate was found in the lower 30 feet. In spite of this

occurrence he believes the chalk to belong to the Utntacrin/us

band, and is inclined to suppose that a line of fault runs between
the Waterworks and the cutting.
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Zone of Actinocamax quadratus.

The zone of A. quadratus forms the high ground to the east and
north-east of Sahsbury, and also the ridge which hes to the south
of the villages of East and West Harnham. It consists of chalk,
in which flints are rather more numerous than in thp Marsu-
pites zone, and in the lower part of it Ofaster pillula 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, sometimes
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 bj faults. The flints have white
crusts, but not thick ones, and are all solid. Fossils are not abun-
dant, but through the workmen Dr. Blackmore has obtained many
species from this pit (see p. 83 et seq.)

At West Harnham there is another large quarry from 60 to
70 feet deep. In the higher part the chalk is regularly bedded

;

in the lower part the bedding is less distinct, and it is probably a
lower portion of the zone, for the flints, few and scattered, are
stained yellow outside. Act. granulatus 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,

consisting of bedded chalk, with 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 Offaster pillula

can at any time be obtained, with joints of BourgueticriTuus and a
small Rhynchonella (? reedensis) ; the shelly plates which are

usually regarded as the aptychi of Am. [Haploceras] leptophyllus

and Am. [Pachydiscus] Portlocki, and which Dr. Blackmore regards

as shelly processes belonging to the guards of Belemnitella

lanceolata and Actinocamax quadratus, * 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. granulatus thrown out of a rabbit

hole on the hill known as Thorny Bushes.

South-east of Salisbury there is a good section of the zone in the

railway cutting at Whaddon, which shows soft white chalk, with

* See Geol. Mag., Dec. 4, Vol. III., p. 529 (1896).
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irregular layers and scattered nodules of Hint, and occasional

seams of soft marly chalk dipping to tlie 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 Grinstead, south of the brickyard, there is another pit

in similar chalk dipping at 16° to the north. It contains, how-

ever, regular layers of flints 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 I found Act. granulatvs.

Zone of Selemnitella mucronata.

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. Its junction

with the underl3dng zone is e -tposed in the railway cutting, about

1J miles S.E. of Salisbury, close to the north end of the bridge,

over the road to Clarendon Park. Thejunction is approximately
marked by a thin layer of yellow stamed chalk, above which
Bel. inucroTiata comes in. This zone is also 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 consisting of solid black flint without any crust— merely a

yellow coating. Belemnitella mucronata is fairly common, with

Echinocorys scutatus, Terebratula carnea, Rhynchonella limhata,

a large variety of Kingena lima, and other fossils similar to those

found in the Nor^dch chalk. More recently Dr. Blackmore has

found Magas pumilus and pieces of an Ammonite which seems

to be Am. [Lytoceras] Jukesi.

Dr. Blackmore also informs me that in 1893 a well was sunk
on the Southampton road above Shootend and a little beyond the

second milestone from Salisbury ; it passed through—
Feet.

Clay and Sand -- 12
Chalk of the Bel. mucronata zone - - - 63

and many fossils were obtained from the chalk which was brought
up, inoluduig five examples of Bel. mucronata.

Still further east, near Clarendon, there are some pits in this

zone. One near the keeper's house in Clarendon woods is about

10 feet deep in soft white brittle chalk, with a few scattered flints,

which often occur on one plane, but at distances of 2 or 3 feet

from one another. The flints here differ from those at Shootend
in haviag an ordinary white crust, but just the same assemblage
of fossils is found. There is another pit in similar chalk near the
Clarendon brickyard, and here the beds show a dip of 3° to the
ea.«t.
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The zone of Bel. mucronata is also exposed in two chalk pits

at Breamore further east, and Mr. Jebbett, the station-master
there has obtained fossils from them.

List of Fossils feom the Upper Chalk near Salisbury.

The following list is probably the most complete local catalogue

of Upper Chalk fossils which has hitherto been published, and for

it I am indebted to the kindness of Dr. Blackmore. Not only
has he collected carefully from all the exposures of the chalk round
Salisbury, but he has kept separate lists of the fossils obtained from
every exposure, so that each place was eventually assignable to its

proper zone as the collection of its fossils progressed. The localities

which I have tabulated are only those which have proved the
most fossiliferous, and which suffice to give a full list of the fossils

which have been obtained from, each zone.

The Reptile and Fish remains have been submitted to and named
b\- Dr. A. S. Woodward, of the British Museum. Mr. G-. C. Crick

has identified the Actinocamax Toucasi, a species not before re-

corded in this country ; it much resembles the Act. plenus of the

Lower Chalk. The Lamellibranchs have been named by Dr.

Blackmore by comparison with the figures pubhshed by the best

authorities, but some corrections and additions have recently

been made by Mr. H. Woods.
The Bryozoa were all examined and named by the late Mr. Vine,

but no doubt the nomenclature will require some modification

when Dr. Gregory's catalogue is completed.

Of the Crustacea it may be mentioned that of the five species

of Scalpellum, three, viz., darvyinianwm, qaadricarinatuw,, and
seniiporcatum, have not hitherto been recorded as British.

The Echinodermata have been identified chiefly by the aid of

Dr. Wriglit's Monograph on the Echinoidea and Mr. Sladen's

on the Asteroidea, published by the Palseontographical Society.

The corals have been examined and named by Mr. Eobert F.

Tomes.

For the zone of Holaster planus the locaUty is near Homington.

For that of Micraster cortestudinarium Middle Woodford is the

only locality.

For that of Micr. coranguinum the chief localities are Camp Hill

(1), Porton railway cutting (2), Quidhampton (3), Stratford (4),

and Witherington cutting (5).

For that of Marsupites there are two locaUties—Highfield (6)

and Bishopdown (7).

For that of Actirwcamax quadratus the chief localities are the

two large quarries at Harnham (8), Britford (9), and Whaddon
cutting (10).

For that of Belemnitella mucronata there are three localities

—Shootend, near Alderbury (11), Clarendon (12), and a cutting

on the L. and S. W. Railway (13).
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CHAPTEK VII.

THE UPPEK CHALK IN THE ISLE OF WIGHT.

General Desceiption.

The first attempt to recognise the zones of the Upper Chalk
in the Isle of Wight was made by Professor Barrois, in 1875,*
but in this he only distinguished two zones above that of

Micraster cortestudvnarium, these being the zone of M. coran-
guinum and the zone of Belemnitella.

In his later publicationf Professor Barrois makes some correc-

tions
; he transfers a part of his M. cortestudvnarimn zone to that

of M. coranguimwm, and remarks that what he had called the M.
coranguinum zone includes that of Marsupites. He also states

in his original description that his " zone cb Belemnitelles

"

corresponds to the zones which are known in France under the
names of zone of Actinocamax quadratus and zone of Bel.

mucronata. He had, therefore, practically divided the LTpper
Chalk or Senonian into zones, though he had not followed
them in detail across the island, nor had he attempted to

estimate the thickness of them severally.

No one has since attempted to make a zonal examination of

the Upper Chalk of the island, and unquestionably the task is not
easy, for though there are numerous pits along the outcrop of

the beds the angle of dip is so high that there are not many pits

in any one zone ; and again, though this part of the Chalk is

exposed in fine cliff sections at each end of the island, they cannot
be approached on foot, and the waves break against them for the

greater part of their length.

My friend Mr. W. Hill visited some of the chalk-pits along

the chalk ridge in 1897, and discovered Marsii/pites in the

quarry on Arreton Down. We supposed at the time that this

was the first actual discovery of the remains of Marsupites in

the island, but subsequently found that their existence was known
to Mr. Ch. Griffith, of Winchester ; further, that he and Mr. E. M.
Brydone had visited nearly all the quarries in the Upper Chalk,

collecting extensively from the several zones. They will, I trust,

soon publish the results of their researches, but meantime they

* Description gdologique de la craie de I'lle de Wight. Bibl. des Hautes
Etudes (St. Nat.) Tom. xiii. 1875, with coloured map.

t Eecherclies sur le Terrain Cret. Sup, p. 107 (1876).
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have most kindly placed their lists at my disposal as well as some

notes respecting the zones exposed in certain quarries.

With respect to the base of the Upper Ohalk in the Isle of Wight
we have already stated (Vol. II., p. 410) that we cannot regard the

layer of green-coated nodules as the equivalent of the Chalk Eock,

nor can we even take the seam of dark grey or nearly black marl,

which occurs some 7 or 8 feet higher, as the base of the H. planus

zone ; for that fossil is not common in the intervening chalk,

nor is it associated with many Micrasters for another 8 or 9 feet,

when there occurs a similar seam of light-grey marl. Above
this marl the Micrasters begin to come in (both M. Leskei and

M. prcBCursor), and a little higher Echinocorys scutatus is met with.

As this marl band seems to be continuous across the island we
take it as a convenient plane for the base of the Upper Chalk,

although it may be really a few feet below the real palaeontological

limit.

With regard to the thickness of the Upper Chalk as a whole,

several estimates have been made. Professor Barrois' .estimates

give a total thickness of 290 metres (950 feet), including his zone

of M. cortestudirvariuin, but he undoubtedly allowed too small

a thickness for the " zone d Belemnitelles."

Mr. Strahan estimated the total thickness of chalk above the
" Chalk-rock " nodules at 1,350 feet, but we consider this to be

rather too high an estimate.

It is well kno-wn that along the central ridge of the island the

strata of the Chalk are bent over, till they pitch beneath the Eocene

at very high angles, generally from 75° to 85° ; consequently

they can only be measured by plotting sections to scale, and calcu-

lating the thickness between a prolongation of the curves. Pour
such sections have been drawn, and published in Sheet 47 of the

Horizontal Sections of the Geological Survey (new edition, 1889)

;

an examination of these shows that in each of the first two sections

the thickness between the supposed horizon of the Chalk Eock
and the Eocene is about 1,250 feet. The section through Ashey
Down shows too much disturbance for accurate measurement,
and that through Bembridge Down gives only 1,075 feet, due
either to local compression or possibly to some small error in the

engraving.

Hence I regard the sections through Brook and through St.

George's Down as giving the most trustworthy results, and adopt

1,250 feet as the thickness of the Chalk between the horizon,

above mentioned. To get the thickness of the Upper Chalk as

understood in this volume we must deduct from this amount
the thickness of chalk between the nodule bed and -the base of the
Holaster planus zone, about 16 feet, which leaves about 1 236
feet. This agrees closely with a section drawn by me through
Arreton Down (see Fig. 37), which shows about 1,240 feet in the
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same space. This thickness may be assigned to the four zones

on the following proportions.
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In the quarry east of Carisbrook Castle there are 12J feet of

nodular chalk without flints, overlain by a few feet of nodular

chalk with scattered grey flints.

The section in the quarry on Brixton Down has been

mentioned in Vol. IT.; p. 412. It is a good exposure, showing about

21 feet of rough nodular chalk without flints above the clay band

succeeded by 20 feet of less nodular chalk with flints ;
the chalk

here is so hard, and has been subject to so much squeezing, that

the fossils cannot be detached in good condition for identification.

A similar section however is seen in a quarry at the south-east

corner of Shalcombe Down, and from thence Mr. Ehodes

obtained some of the fossils included in the list on p. 95.

The most accessible and complete section in these beds is that

exposed in the road cutting on Afton Down. This was described

and figured by Dr. Barrels, and some of the beds were subsequently

measured by Mr. Strahan, but he did not carry his account into

c. a. b. a.

Fig. 37.—Sketch of Section in Military Eoad, Aftoa Down.
, a—Terebratulina Zone, b—layer of green coated nodules, c, d—Zones of //

planus and M. cortestudinarium.

the flint-bearing chalk. We give a diagrammatic view based on

Dr. Barrois' sketch (Fig. 37) and the vertical succession may be

stated as follows :—

Upper
Chalk.

Middle
Chalk.

(Chalk with regular layers of flints

Hard chalk with scattered flints and occasional

nodular beds - about
Nodular chalk without flints

Layer of whitish marl
Hard nodular chalk
Black marly clay

<! Nodular chalk

Hard chalk with a layer of green-coated nodules
at the top

'\ Massive chalk with layers of marl, seen for

Ft.
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Zone of Micraster coranguinum.

At the western end of the island this zone occupies the cliffs

from Scratchalls Bay, south of the Needles, to Freshwater Bay;
but as far as Watcombe Bay, near Freshwater, these cliffs are only

accessible by boat on a calm day. Mr. Whitaker, writing in 1865, *

says, " the parallel layers of flint are very frequent, many quite

continuous, some of a peculiar brown or pinkish tint, and all more
or less broken up. At Sun Corner, the southern horn of Scratchalls

Bay, there is a bed of some thickness, in which the layers of flint

are so close together that they form nearly as much of the rock
as the challc itself. . . . It is shown in Fig. 38, in which
the black lines represent the laj'ers of flint."

Fig. 38— Scratchalls Bay, looking southward, showing frequent layers

of flints ; from a photograph.

The lower part of the M. coranguinum zone is accessible on foot

in Watcombe Bay and on the west side of Freshwater Bay, and
from these localities Messrs. Griffith and Brydone have collected

many of its fossils, as well as from five or six pits along the toji of

the cUfi's between Freshwater and Scratchalls Bay.

Prof. Barrels refers to this zone the chalk seen in a small pit

north-west of Bowcombe Wood near Cairisbrooke, from which he

obtained Micraster coranguinum, Galerites albogalerus and a

Spondi/lus. If in this zone it must be in quite the lowest part of it.

Mr. Grifl&th writes that the large pit half a mile east of

Carisbrooke may be in this zone, but that fossils are very scai'ce,

and the evidence is not decisive. Mr. Hill is also inclined to refer

the chalk here to the upper part of the M. coranguinum zone.

* Quart. Journ. Ged. Soc, vol. xxi., p. 401.



92 THK gRETACEOUS ROCKS OP BRITAIN.

The highest beds of the zone and its passage up into that of

Marsupites may be seen in a large quarry at the west end of Arreton
Down (Downend pit).

Mr. Griffith is also disposed to regard the upper quarry north-

west of Yarbridge by the road leading on to Brading Down as

exposing the chalk of this zone.

The zone of Marsupites.

Marsupites have up to the pi-esent been found only at two places

in the island, one a -small exposure near Freshwater, discovered by
Mr. Griffith, the other being in the large quarry on Arreton Down
above mentioned. Fig. 112 is a section through this quarry

showing the position of the band of chalk, which is characterised

by the presence of Marsupites and the scarcity of flints.

Quarry.

N

Fig. 39.—Section through the chalk-pit on Arreton Down.
Scale, horizontal and vertical, 6 inches to a mile.

e= Eocene
3 = Zones of Act. quadratus.

and Bel. mucroiiata

2= Zone of Marsupites.

l = Zone of M. coranguinum.
m= Middle Chalk.

o • t-

80

The following details of the succession of beds forming this zone

w(!re taken by Mr. Hill at this quarry in descending order :

—

Ft. in.

"o -^ _ ( Chalk with regular layers of flints ; thickness not
measured - -probably about

Hard white chalk with two continuous seams of

flint

f
Hard white chalk with layer of flints at base

Hard white chalk without flints, massive beds
with a marl seam in the centre ; A ctinocaniax

granulalus ...
Layer of flints

White chalk with a few scattered flints near
the base - - -

White chalk with a few flints arranged sparsely

along lines - - -

Thin seam of marl
Chalk with a few flints thinly scattered along

definite lines

White chalk with flints as above, contains

Marsupites,. Offaster pillula, Ilhynchonella
plicatilis, and other fossils -about

White challc with occasional lines of flints, these

becoming more numerous below -about

3
o

a.

lH
o

6
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The beds are dipping to the north at about 40 deg. Besides
single plates Mr. Hill found a complete test of Marsupites testu-

dinarius here. For the fossils which Messrs. Griffith and Bry-
done have obtained here, see list on p. 95. ^

In. Culver cliff the flintless chalk of this zone was observed by
Mr. Whitaker so long since as 1865, his notice of it being as
follows:— " Here in the midst of the chalk, with layers of flint at
every 3 or 4 feet, is a space some 40 or 50 feet thick with only
one thin seam of tabular flint, but with four lines of green-coated
nodules like those of the Chalk Rock, but perhaps of a deeper
coloiu-." Referring to this band, Mr. Strahan says it is from 350
to 400 feet above the so-called Chalk Rock, i.e., the nodules in

the Terebratulina zone, and that from one of the nodule beds
were obtained Ofaster pillula, Serpula plexus, Rhynchonella
plicatilis, a coral and a sponge.

Zone of Actinocamax quadratus.

Above the Marsupite zone there seems to be a great thickness
of chalk (300 feet or more), in which Act. quadratus occasionally

occurs, and in which Offaster pillula is sometimes common.
Certain pits, which are presumably at the summit of the zone,

" yield examples both of Act. quadratus and of Bel. mucronata, an
association which is rai'e in other parts of England.
For the following notes on the pits which Messrs. Griffith and

Brydone refer to this zone I am indebted to Mr. Griffith.

The new fort above the Needles seems to be situated on it

;

they found numerous specimens of Offaster pillula in th6 exca-

vations for the foundations, and its position is too northerly for

the Marsupites zonp.

A pit at Freshwater Gate by the pumping station yielded

Act. quadratus and Bel. mucronata, the latter abundantly. The
same two fossils are foimd in the large pit east of the station at

Shide, near Newport, where the beds dip northward at 75°.

The northern face of Downend pit (Arreton Down) exposes

the lower part of this zone— chalk with layers of black flints.

They have also found Act. quadratus with Offaster pillula in the

northern part of the Culver Cliff.

Zone of Belemnitella mucronata.

Prof. Barrois describes the chalk of this zone as soft and friable

containing ffints which are generally of a smoky-grey colour,

but sometimes black flints, as at Alvington and Mottistone. He
also remarks that Magas pumiilus is very common in this zone,

but is rare in that of Act. quadratus.

A line of old quarries from which some fossils may be obtained

occur to the north of Afton Down. .

A large quarry at Shalcombe, north of Brook, is open in this

zone, dipping at a high angle to the north. .Prof, Barrois says



94 THE (JRETACEOUS EOCKS OF BRITAIN.

the lower beds contain large black flints and yielded Belemni-

tella mucronata, Echinocorys gibbus, and Inoceramus Cripsi

(? species) ; while the upper beds contain grey flints and afforded

Bel. viucronata with Magas pumilus.

There are quarries on the north side of Mottistone Down, one

south-east of Newbarn and another at Pitt's Farm, in all of which

Bel. miKronata has been found.

From an old pit (now a garden) by Mord Cottage, at the west

end of Carisbroolve, Mr. Hill obtained Magas pumilus and part

of a Belemnite (? B. mucronata). There is also an old quarry

by the main road south of Alvington Farm, from which Prof.

Birrois obtained a few fossils.

The occurrence of B. mucronata in the large quarry between

Carisbrooke and Shide has been noticed above.

Prof. Barrois records it from Mersly Down, and there is a large

quarry on the north-west side of this down by Chalkpit Copse

where the chalk dips at 85 degrees to the north. Probably this

w.is the exposure he found.

There are also pits near the Eocene border north of Ashey

Down and of Nunwell Down, which are doubtless in this zone.

Mr. Mark Norman has recorded Bel. mucronata, Echinocorys

vulgaris, and Galerites albogalerus from the chalk just below

the base of the Eocene in Whitecliff Bay.*

Fossils from the Upper Chalk of the Isle of Wight.

That we are able to give a completely zonified list of fossils from

the Upper Chalk of the island is mainly due to the careful col-

lecting of Messrs. Ch. Grifflth and E. M. Brydone, and to their

kindness in placing their results at our disposal. We have incor-

porated the fossils recorded by Professor Barrois in his account

of the island above mentioned, and also those obtained from the

zone of Holaster planus by the Geological Survey.
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CHAPTER VIII.

THE UPPER CHALK IN SOUTH DORSET.

General Desceiption.

The chalk of South Dorset is a continuation of that of the Isle
of Wight, with which island it was doubtless once united. Brought
up by a prolongation of the same uplift, the Upper Chalk is ex-
posed at many places along the coast between Ballard cliff (near
Swanage) and White Nothe (Ringstead). It is, however, so
faulted, broken, and crushed that few of the sections afford satis-

factory views of the zonal succession.

Professor Barrois was the first to attempt a determination of
zones in this area, and more recently Dr. A. W. Rowe haa
published an account of the coast sections which adds very
largely to our knowledge of the zonal divisions.* I shall
take the latter as the basis of the following description, adding
a brief account of the chalk round Dorchester from my own
notes.

As stated under the description of the Middle Chalk, we agree
with Dr. Rowe in thinking that the base of the zone of Holaster
planus, and, therefore, of the Upper Chalk, as now understood,
has not been accurately fixed by previous observers. We think
that both Professor Barroisf and Mr. Strahan| have placed it too
low, and that the double layer of green-coated nodules, which
occurs in all exposures and has been regarded as representing
the Chalk Rock, is really a nodule bed in the Terebratulina zone.
With respect to the thickness of the Upper Chalk in South

Dorset, Mr. Strahan estimates the total thickness of Chalk on
the south side of the thrust-fault, near Ballard Point, to be 1,1Y5
feet ; deducting from this the thickness of the Lower and Middle
Chalk (about 250 feet) we have 925 feet left for the thickness
of the Upper Chalk. As this does not include the highest beds,

which are only found on the north side of the fault, we must add a
certain thickness, say about 200 feet, for them, and thus obtain

a total of not less than 1,100 feet. From sections plotted near
Lulworth and White aSTothe Mr. Strahan has estimated the thick-

ness of Upper Chalk in that district at 956 feet, but this does not

include all of the Bel. mucronata zone. Dr. Rowe's measure-
ments as given below make up a total thickness of 1,060 feet.

* Proc. Geol. Assoc, Vol. XVII, pp. 1-76, plates i-x, (1901).

t Recherches sur le Terrain Cr^tac^ Sup^rieur, pp. 78-102.

t Geology of the Isle of Purbeck and Weymouth, Mem, Geol. Survey,
1898, p. 167 et seq,
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We may, therefore, consider the thickness of the Upper Chalk

along the southern side of the Eocene tract in Dorset to be from

1,000 to 1,100 feet, which is not far from its estimated thickness

in the Isle of Wight.

From Dr. Eowe's descriptions the following may be taken

as the average thicknesses of the several zones in South Dorset,

at places where they have been least affected by faulting and

compression:—
Feet.

Zone of Bel. mucronata - 250

Zone of Act. quadratus - - 350

Zone of Marsupites 110

Zone of Micr. coranguinum 230

Zone of Micr. cortestudinarium 50 to 70

Zone of Hoi. planus - - 40 to 50

1,060

For an account of the faults and disturbances by which the

Upper Chalk of this region is affected the reader is referred to

the chapter on that subject in Mr. Strahan's memoir on the

Geology of the Isle of Purbeck and Weymouth.

Instead of following each zone separately, it will be more con-

venient to describe what is seen of the Upper Chalk at each of

the principal localities, th»se being four (1) that of the cliffs

between Studland Bay and Swanage Bay; (2) between Arish

Mell and Mupe Bay
; (3) at and west of Durdle Cove

; (4) near

White Nothe.

Steatigraphical Details.

The Coast Sections.

1.—The Cliffs north of Swanage.

The cliffs north of Swanage, from Ballard Point to Studland
Bay, present a fine section of the Upper Chalk, though only a
small part of it is accessible without a boat. The zonal succes-

sion was briefly indicated by Prof Barrois in 18'76, aiid has been
more completely described by Dr. A. W. Howe. The section

Fig. 40, is based on that drawn by Mr. Strahan and published
in the Memoir on the Isle of Purbeck, with the zonal details

inserted from the diagrammatic section in Dr. Rowe's paper
(Op. cit. p. 32).

Zone of Holaster planus.—This is regarded' as beginning
about 20 feet above the laye^- of green-coated nodules in the
Terebratulina zone {see vol. II.), and it is included ii
the chalk which Prof. Barrois referred to the zone of M.
cortestudinarium,. Dr. Rowe found it impossible to get onto
any surface of the H. planus zone even, from a boat, for,the beds
are vertical and form the front of Ballard Point. Its thickness
is probably about 40 feet. Flints arie numerous, as in the Isle of
Wight.
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Zone of Micraster cortestudinarium.—Dr. Rowe mentions a
cave on the south side of the point from which he obtained
Micrasters of the forms characterising this zone. As regards
thickness he refers to Prof Barrois' estimate of the M.
cortestvdinariuTn, chalk at this place (82 feet) and says about
half that thickness would in his opinion be more correct. As I

feel sure that Prof Barrois' estimate really included the zone of

IT. planus, we may assume that the true zone of M.
cortestvdinarium is here from 40 to 50 feet thick.

Zone of Micraster coranguinum.—Dr. Rowe thinks this

comes into the northern side of the cave above mentioned and
extends northwards for some distance, reaching to a bay which
is backed by a shingle beach. No measurement is possible.

Zone of Marsupites.—About one-sixth of the distance along
the cliffs of this bay he found plates of Uintacrinus and farther

on plates of Marsupites in wnite chalk with fewer layers of

flints, but no complete measurements were taken.

Zone ofActinocamax quadratus.—Dr. Rowe writes :
'' We then

pass to a yellower and flintier chalk, which extends as far as

Argyle Point. This point is drawn on the 6-inch map but is not
named. ... At the northern end of this we traced two
yellow nodular bands which run out almost due east as a ledge

terminating in a rock. These bands are strangely reminiscent
of the • Chalk Rock ' of the Geological Survey." It would be
interesting to compare these nodular layers with those which
occur in the Isle of Wight, either in this zone or in that of

Marsupites (see p. 93).

Dr. Rowe found two examples of Act. qwxdratua or Act.

granulatus in or near these nodular layers, but could not obtain

any other fossils either here or in the next little bay. Beyond
this the base of the cliffs is much obscured . by seaweed, but at

a point 39 feet from the plane of the great thrust-fault which
describes such a beautiful curve through the clifl", he found a

good specimen of Belernnitella inucronata, proving that the

zone ot Act^quadratus does not extend up to the fault.

' Mr. Strahan describes all the Upper Chalk on this side of the

fault as " hardened into a limestone which can only be scratched

with a knife, while the whole cliff is traversed by veins of calcite

and innumerable planes of slickensides." Of the great fault

-itself, he says that it " forms a very sharp line, curving upwards

m the cliff with beautiful regularity and keeping exactly parallel

to the bedding-planes of the beds above it. These strata curve

up through nearly an eighth of a circle, so as to be nearly vertical

in the top of the cliff, while at the foot of the cliff they dip north-

wards at an angle of about 40 degrees. Through the whole curve

they rest upon the edges of vertical chalk with a curiously close

imitation of a great unconformity." (Op. cit. p. 169.)

Zone of Belemnitella mucronata.— It appears that Prof

Barrois was mistaken in supposing the chalk of the cliffs on the

6821 <=> 2
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north side of the fault to belong to his zone of Marsupites. He
does not mention any fossils, and seems to have been led to this

conclusion by the comparative fewness of flints. Dr. Rowe
states that " the whole clifi from the fault to Studland Bay is cut
in the B. mucronata zone, rich in the name fossil and in all the
other characteristic fossils associated with it, and at the time of
our visit perfectly exposed and accessible in its entire extent."

This extent of cliff is about a mile and a third in length and
forms the best exposure of the zone to be found in England.
A little way beyond the fault the beds become horizontal for a

space and then dip with a gentle inclination to the north.

From Dr. Howe's measurement it appears that the thickness
here exposed is about 250 feet, starting from the plane of the
fault, which may be, and probably is, above the base of the zone.

He observed a marked layer of large nodular flints at a distance,

measured across the beds, of about 100 feet from the cave where
the fault reaches the shore, and this flint-layer comes down to

the shore 100 yards north of the first Pinnacle. From this

point a strong yellow band can be seen at the top of the cliff

and " there is roughly 100 feet between the strong flint line and
the strong yellow band. This yellow band can be traced

readily to Handfast Point, and Old Harry [a detached pinnacle]

shows it well. It is about two-fifths up the cliff at Handfast
Point, and gradually sinks as we pass into Studland Bay till it

reaches the shore on the west side of the fifth little headland
west of Handfast Point. There is about 50 feet of chalk above
the yellow band in Studland Bay, so that we obtain a thickness

of Bel. mucronata chalk of at least 250 feet." The fossils

obtained by Dr. Rowe from this zone are included in the

list given at the end of this chapter.

Prof Barrels correctly referred the chalk of Studland Bay to

the zone of Bel. Tnucronata and gave measured particulars

of the upper 118 feet, in which flints are rather more numerous
and occur in layers at distances of from 3 to 8 feet apart. He
does not mention the yellow band, but his measurement ends at

a bed of " chalk without flints, the surface of which is indurated

and corroded." (Recherches, p. 103.)

2,—The Cliffs from Arish Mell to Black Rock.

Passing westward across the Isle of Purbeck we find the

Upper Chalk reaching the sea again at Arish Mell, a little cove

at^oining Worbarrow Bay and in the cliffs which intervene

between this cove and Mupe Bay.

On the eastern side of Arish Mell the chalk is inclined at such

high angles that it presents a section from the zone of H,olaster

planus into that of Actinocamax quadratus. The zone of

Jf. planus at the outer point is not accessible, but that of

Micraster cortestudinarium can be reached and those of M.

cwanguinum and Marsupites are well exposed. The inmost

side of the Mell exposes the zone of Bel. mucronata, and the A.

quad/ratus zone can again be examined in the western cliff ;
still
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farther west toward Mupe Bay the lower zones come in a^in
and can be reached along the shore at dead low tide. The
following account of each zone has been compiled from the par-

ticulars given by Dr. Rowe, and combines what is seen on both

sides.

Zone of Holaster planus.—The northern side of Mupe Bay
terminates eastward in a little headland known as Black Rock

;

part of this headland is formed by the zone of H. planus, which

consists of a greyish nodular chalk without any conspicuous

yellow bands. Its thickness is about 50 feet, and it includes a

band which is crowded with a small rotiform Bryozoon allied to

Defrancia.
Zone of Micraster cortestudinarium.—Dr. Rowe describes

this zone as consisting of yellow nodular chalk, its colour con-

trasting with the grey of the H. planus zone and the white of

the M. coranguinum zone, and closely coinciding with the

zoological boundaries of the zone. There are frequent but
irregular layers of flints, and the total thickness is about 60 feet.

Zone of Micraster coranguinum.—This zone is here about

200 feet thick, and consists of white chalk with regular layers of

flints. Fossils appear to be rare, but Dr. Rowe found M.
coranguinum and its variety, latior, with Galerites albo-

galerus and the varieties of Echinocorys scutatus which

S

generally occur in this zone. There is no physical or litho-

ogical feature to serve as a guide for the top of the zone, and
Dr. Rowe's measurement is simjAy to the point where he
obtained the first plate of Uintacrinus.

Zone of Marsupites.—Dr. Rowe obtained evidence of the

existence of the tAvo sub-divisions of this zone in both the clifE

exposures, the Uintacrinus' band below and the Marsupites
band above, just as in Kent and Sussex; but the thickness of the

zone as measured in the western cliff' did not agree with that

obtained on the eastern side of Arish Mell. The measurements
were :

—

Western side, Eastern side.

Band containing neither
Marsupites nor Offaster pillula 15 feet. 15 feet.

jyarsupites-hAwd - 12| „ 24 „
Uintacrinus-haxiA. 17 „ 30 „

44i feet. 69 feet.

As to the explanation of this difference. Dr. Rowe does not think
that it is due to a greater amount ot compression on the western
side, but remarks that the limits of the zone were only fixed by
actual collection of the Crinoid plates, and he thinks it possible

that they may really be distributed over a greater thickness

than he actually proved at his visit. Several other character-

istic fossils were found, but no Belemnites occurred.

Zone of Actinocamax quadratus.—The base of this zone was
fixed by the first occurrence of Offaster pillula and on the
eastern side ot Arish Mell this was 15 feet above the point

where the last plate of Marsupites occurred. But the best



SOUTH DORSET. 103

exposure of the zone is on the western side, where it occupies
the cUffs from Barber's Rock to a point inside Arish Mell,

passing round Cockpit Head.

Dr. Rowe remarks that " the southern face of Cockpit Head
is, without exception, the best weathered and most fossiliferous

that we have worked. . . . The reason is that the chff is

protected by a barrier of fallen blocks of chalk which prevent
the face from being pounded by the shingle. The section is not
uniformly good, as in parts it is overgrown by seaweed. The
chalk is massive, white, free from marly veins and bands, but
much slickensided and veined with calcite. . . . Rounding
the corner into Arish Mell we find a splendid surface of vertical

chalk facing due east. This is all in the Act. quadratus zone
up to the point indicated in Plate VI. " (of Dr. Rowe's paper;.

Professor Barrels mentions that there are frequent layers ot

flints, which are mostly small, pink outside and black inside.

Dr. Rowe's measurement of this zone gave a thickness ot

354 feet, the base being fixed by the occurrence of Act.

granulatus and Offaster p%llula opposite Barber's Rock, and the

summit by the occurrence of Bel. mucronata a few feet above
that of a fine Act. qvMcLratus, Offaster pillula being abundant in

patches throughout the section. Other fossils, such as Echino-
corys scutatus var. gibbus, Bourgueticrinus, Parasmilia and
Bryozoa are common, and several examples of Terebratulina

Rowei were found at the base of the zone.

Zone of BelemniteUa mucronata.—This zone is only exposed
on the western side of Arish Mell, where the cliff becomes low,

but the exposure is much obscured by grass-covered talus. It

has yielded many examples of Bel. mucronata, with specimens

of Magas pum,ilus, Crania costata, Kingena lima, Terehratula

carnea and other characteristic forms. Dr. Rowe found that 182

feet of this zone come in " from the point of junction with the

Act. quadratus zone to the sluice," or stream, where the cliff

ends. It should also be mentioned that the exposure of this

zone in Arish Mell had not been suspected before Dr. Rowe's

examination of the coast.

3.—Durdle Cove.

Prom Arish Mell and Black Rock the narrow outcrop of the

uptilted Upper Chalk strikes westward and passes behind

Lulworth Cove, St. Oswald's Bay, Man-of-War Cove and Durdle

Cove. The zones of Holaster planum and of Micraster cortes-

tudinariu7n are ejcposed in St. Oswald's Bay, but are there very

much crushed and compressed. They also come into the clifits

which form the western side of Durdle Cove, where they are

traversed by one of the remarkable slide-planes which have been

described by Mr. Strahan; this is well illustrated by Fig. 41,

which is reproduced from the Memoir on the Geology of the Isle

of Purbeck, and also by Plate III. of Dr. Rowe's paper.
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The slide-plane forms a marked feature near the base of the
cliff, and Dr. Rowe observes that it traverses two sets of zones.
" In its eastern part it has the zone of Terebratulina gracilis

above and below it ; a Uttle further west the zone of T. gracilis

above and that of H. planus below ; while in the western and
greater part of its extent it has the H. planus zone above and
the M. cortestudinarium zone below, except where the projec-

tions at the foot of the cUff jiil out farther, where it is again in

the H. planus zone
"

" Along the line of weakness caused by the slide-plane the sea

has hollowed out a series of Uttle caves (see Fig. 42). The roof

in all cases has been pushed northward over the floor of the
cave. In the eastern part of the slide-plane the separation has
been marked by a sharp line, but in the western part the floor

of the cave has been ground up into a paste and cemented
together again." {Op. c%t. p. 16).

Ur. Rowe found that the promontory which forms the
western horn of Durdle Cove consists of the grey nodular chalk
of the H. planus zone and passing round this, "we enter a
recess leading by a narrow water-channelled surface to [the

combe called] Scratchy Bottom above : . . . . and then
follows a good section of inverted M. cortestudinarivmv and M.
coranguinum zones. The slide-plane is here seen as an oblique

line half way up the low cliff at its southern end, intersecting

the M. cortestudinarium zone." (Rowe, Op. cit. p. 16.)

Dr. Rowe found this the best exposure of the zone of M.
cortestudinarium for fossil-collecting on this coast, but even
here it is not so fossiliferous as in Kent or Sussex. He notes

however that Micrasters are fairly abundant and that the broad
M. cortest'odinarium is here commoner than the oblong M.
prcecursor. Taking the upper limit of the zone at a strong

yeUow nodular band he gives its thickness as 70 feet ; the beds

are nearly vertical, but are reversed so as to dip seaward at an
angle of about 75°.

This zone is succeeded by that of M. coranguinum which
occupies the cliff to the head of the recess and is estimated by
Dr. Rowe to be 240 feet thick. This thicknesii may possibly

include a Httle of the zone of Marsupites, but he could not find

any plates of Uintacrinus though he obtained a Marsupites

plate from a rabbit-hole about 60 paces north of the edge of the

cUff

The cliffs of Swyrc Head are in the zone of M. coranguinum
but their base, being always washed by the sea, is not accessible.

4.—White Nothe to Bats Head.

The cliffs near White Nothe present another good section

through the Upper Chalk from its base to the higher part of

the Actin^ca.max quadratv^ zone. The lower zones can be

exeimined both to the west and to the east of White Nothe
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Point ; on the western side they are high up in the cliif. The
Signal-house of the Coastguard Station stands on the zone of

M. coranguinum, and thence the beds dip down to the shore

below West Bottom (see Fig. 41, p. 100).

There is a zigzag path leading up from the undercliff to the

Signal Station, and west of this are two bluffs which expose faces

of the H. planus zone, and the path gives a section through the

succeeding zones. In 1875, this section was clear enough to be

measured, and was examined by Prof Barrois, whose account is

quoted below :

—

Feet.
' 10. White Chalk with greyish flints in thin discon-

tinuous layers -
•

- -

9. Chalk with flints which are pink outside and pale

grey within, Micraster coranguinmn, Echina-
conus conicus, and many Cidaris spines -

8. Chalk with pink-stained flints ; many frag^nents

of large Irwcerami at the t)ase. Itvoc. involutus-
• 7. Very hard nodular bed with rolled fossils - ' -

'6. Chalk with pinkish flints resting on a bed of

yellow nodular chalk - - - -

5. Chalk with many scattered flintsj pink outside,

Salenia granulosa and many Cidaris spines -

4. Chalk with blackish flints in layers, some of whjc;ii

are continuous floors

3. Chalk with black flints, some of them cavernous,

and several beds of nodular chalk, one at the

St

S3

Zone of

H. '

planus.

33

66

50

13

10

- 65
2. Chalk with scattered solid black flints, Holaster

planus, Micraster corbovis, Cidaris clavigera, etc.

1. Hard nodular chalk with Holaster planus and
^ Micrasters'- - - . - -

50

293

We have printed the above because Dr. Rowe was unable to

measure this section, while Prof. Barrois did not examine the

shore section, and consequently no one has yet compared the

two. Prof Barrois thought the highest chalk belcrw the Signal

might belong to the zone oi Marsupites, hut Dr. Rowe found the

outcrop of this zone, with plates of Uintacrinus and Marsupites

in their proper relative position, in a slipped face at the top of

the cliff, 100 yards east of the,Signal.

Passing to the. shore east of the Signal, a- fine line of cliffs is

found with a shingle beach below, and -this is best reached by
boat when the sea is sufficiently smooth for landing. This section

is illustrated in Fig. 41, .which has been drawn from the six-inch

map, and the data given in Dr. Rowe's paper, from which also

the following descriptions are taken, with some abridgements.

Zone of Holaster' planus.—The ba'se of this zone is taken
by Dr. Rowe at the lower of two marl-seams which are 8 feet

apart, but he does not state how tar this is above the layers of
green-coated nodules in the Terebratulina zone, -He describes

the chalk of the H. planus zone as grey and marly, with yelloW

nodular bands which show up strongly. It contains many flints
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in the upper part, but fewer in the lowest 18 feet. The total

thickness is 51 feet, the summit being taken at a layer of large

flint nodules which comes to the shore " below a fine upstanding
mass of chalk, locally known as the Fountain Kock," though
unnamed on the 6-inch Ordnance map.

Zone of Micraster corlestudinarium.—This appears to consist

of bands of hard smooth chalk, alternating with beds of hard
yellowish and nodular chalk, the latter not being so prominent
as usual, and fossils being few and fragmentary. The flints are

black with thin white crusts. Dr. Rowe carries the zone up to
" a strong ferruginous line of crushed and crowded flint, from 4

to 8 inches thick, which reaches the shore about 100 yards east

of Middle Bottom." Between these limits the thickness is 113
feet, which is 21 feet more than the thickness assigned to this

zone by Prof Barrels below White Nothe Signal.

Zone of Micraster coranguinum.^ — Of this Dr. Rowe
writes :

" The cUtf at this point begins to show much evidence of

disturbance. The beds are dipping sharply, and a fine series of

sUde planes comes into view. We trace this zone from the strong

ferruginous flint-band to the first slide-plane, above which is the
grass slope on which the seagulls nest. The chalk is firm, and
generally white, with regular lines of flints, with black cortices

m the lower part, passing into grey in the upper part. Fossils

are rare, hut Micraster coranguinum (tyTpe) Galerites albogalerus

with ovate and dome-shaped varieties oi Echinocorys were found.
For the thickness of the zone he obtained a total of 171, but
observes that this is probably an under-estimate. We notice,

however, that this figure, combined with that of the underlying
zone, makes a total of 284 which is not far from normal.

Zon,e of Marsupites.—"From the first to the second slide-

¥lane is 81 feet, and from the second to the third is 30 feet.

hese measurements, curiously enough, coincide with the dis-

tribution of Uinfacrinus- and Marsupites- plates . . . The
characteristic Echinocorys vulgaHs var. 'pyramidatus was fairly

abundant from bottom to top of the zone . . . The nipple-

shaped head of Bourgueticnnus was also found. The flints are

ol a pale grey colour with thick cortices but not zoned." The
above measurements give a thickness of 111 feet to the zone here.

Zone of Actinocainax quadratus.—" This zone extends
along the shore for over half a mile, and were it not so battered

by the shingle would yield many fossils." It is traversed by
many slide-planes, and Dr. Rowe used these as .fixed points by
means of which he obtained the following measurements :

—

Feef.

From 3rd to 4th slide-plane 50

„ 4th „ 6th „ - - . 54

„ 5th „ 6th „ - - - 48

„ 6th „ 7th „ - - - 26

„ 7th „ 8th „ .... ^26

204
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This takes the beds to a layer of flints below the centre of Middle
Bottom, where they become almost horizontal for a space of

about 100 yards. From this flint-bed to the top of the cliff

above is about 50 feet, which gives a total of 254 feet.

" For several hundred yards east of Middle Bottom the cliffs

are not much disturbed, but as soon as we reach the point where
the beds curve up sharply, slide-planes are common, and we
enter a belt of shattered chalk. The chalk on the east side of

Middle Bottom must be a repetition of that on the west side,

and we here obtained a measurement of 273 feet," which would
give a total of 323 feet as exposed. This measurement was taken
to a point almost opposite the Calf Rock, where he found the

tip of a Belemnite, while a few yards further east a plate of

Marsupites was found marking the lower limit of the Act.

quadratus zone. As a result of the measurements, Dr. Rowe
expresses the opinion that the zone cannot be less than 350 feet

thick, and it will be remembered that at and near Arish Mell
the thickness was estimated at 354 feet.

The lower part of the zone, where dipping eastward, consists

of firm white chalk with occasional layers of flints. " Eastward
of the sixth slide-plane, and up to Middle Bottom, the chalk

alters much in appearance, and exhibits a yellowish tinge.

. . . The flints were of the same appearance as in the

Marsupites-zone. The last strong band of Cardiaster pillula

[Offaster] was found at the seventh slide-plane, east of Middle
Bottom."

As regards other fossils. Dr. Rowe only found Actinocamax
granulatus at the base of the zone, but below Middle Bottom he
discovered a band of chalk, about 15 feet thick, in which Act.

quadratus was not uncommon, and he was able to trace this

band for nearly a sixth of a mile. Echinocorys scutatus var.

gibbus is abundant throughout, but generally broken by the

battering of the shingle.

The highest part of the Upper Chalk is seen in several quariies

north of Lulwo'rth, in the country between that place and Wool. In
Luhvorth Park are two pits near the North Lodge, both of which

appear to be in the zone of Bel. mucronata, both showing chalk with

flints and many small fossils, among which Magas pumilus occm's.

The eastern pit is close to the Eocene boundary, and is consequently

in the highest chalk ; it contains some large " Paramoudra " flints

like those of the Norwich chalk, and Professor Barrois obtained Bel.

mucronata here.

Mr. Strahan records chalk with a few flints, containing many
Bel. Trmcronata, in a quarry north of Combe Keynes, while to the

south of that place, and on a lower horizon, a soft white almost

flintless chalk has been dug, which may belong to the Act,

quadratVfS zone.
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The Country round Dorchester.

Passing now to tlie more western part of Dorset, some account

may be given of the succession which can be made out from the

inland quarries in the neighbourhood of Dorchester.

Chalk Rock and Associated Beds.—Some interesting

sections occur in the valley of the Winterborne, south-west of

Dorchester, where a special facies of the Chalk Eock is found, and
where faults have produced some curious appearances.

The most remarkable section is that of a quarry at the bottom
of the road to Dorchester, between Winterborne Abbas and West
Steepleton. This section was first described by Professor Barrois

in 1876,* who drew attention to the remarkable bed of conglom-

erate here disclosed, and stated that it included fragments which
had been derived from the Upper Greensand. The section as I saw
it in 1893 appeared to exhibit the following descending succes-

sion :
—

Feet.

White chalk with black flints (not measured).

Rough nodular chalk with grey flints - - - about 18
Beds not seen - - - „ 10
Hard conglomeratic chalk - - - - „ 4
Massive whitish chalk, full of quartz and glauconite - „ 6
Hard conglomeratic chalk - - - seen for „ 2

The beds dip at about 50° to N., 15° E., and they look as if they

were successive beds in natural order, but the absence of any similar

succession elsewhere made me suspect that this appearance was
false, and was due to a fault ; I thought it possible arlso that the

conglomerate might really be " fault rock." Mr. Strahan subse-

quently visited the quarry and ascertained that the conglomerate

is a single bed, duplicated locally by a fault which strikes obliquely

across the oiitcrop but has no great throw. He is, however, of

opinion that the conglomerate is not fault rock but a contem-
poraneous bed in situ and lying above the glauconitic chalk. This

conglomerate consists of fragments of hard yellowish chalk like

Chalk Eock embedded in a matrix of crystalline granular calcite ;

here and there also are small rounded inclusions of glauconitic sand
which certainly have the appearance of " a greensand," as Professor

Barrois states. Moreover, Mr. W. Hill has examined a slice of the

rock, and reports that even under the microscope these inclusions

have a strong resemblance to certain " Upper Greensand " sand-

stones. Further, I obtained from it the lower valve of a large

Neithea quadricostata, which is a form I have never before found

in Challc Eock, but is common in the Greensand. The only other

fossils found were Lvma Hoperi, Rhynchonella Cvmeri, and a

Mixiraster, all of them small.

It is difficult to reconcile these facts with the view that the

conglomerate is Chalk Eock in situ, and whether it is or is not

*Ilecherches sur le Terr. Cr^t. Sup., p. 87.
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in situ we are of opinion that it contains fragments of sandstone
which appear to have been derived from Selbornian strata.

About a mile south-east from this section, and at the opening of

a side valley known as Kit Hill Bottom (near Eew Farm), is a quarry
which shows the following beds :—

Feet.

Hard nodular chalk with a few glauconite grains - 2
Eough gritty chalk full of quartz and glauconite, and a few

flints containing the same minerals - - - 1

Very hard nodular chalk, dull and greyish, passing into - 5
Less hard nodular chalk with Micraster corbovis - - 5

Here the rough gritty chalk resembles that of the first quarry, but
there is nothing like the conglomerate.

Another pit west of the above, and a little lower on the slope,

shows at the top hard cream-colom-ed chalky limestone with massive
white chalk below, and still lower rubbly grey and white nodular
chalk. The exposure is much weathered and talused, and no
fossils were seen.

At Winterborne, St. Martin in a pit south of the Manor House,

Chalk Eocli of the usual West Dorset facies is seen. It con-

sists of hard, compact, yellowish chalk, weathering into loose angular

lumps, and containing the usual fossils; Holaster planus, Lima
Hoperi, Spondylus spinosus, Terd)ratula carnea, and TerebratuUna
striata being found in a few minutes.

In this valley, therefore, the Chalk Rock beds seem to present

three different facies in as many exposures.

At Park Farm, on the north side of the valley, soft white chalk

with flints having a white rind and a milky white band beneath it

is seen, and these are characteristic of the M. coranguinum zone.

Clearly a fault runs along the valley, and at this point brings the

Hoi. planus zone against that of M. coranguinum.

At the corner of the road, west of Ashton Farm, is a quarry

in hard lumpy chalk with layers of flints which are black inside

with very thin rinds. The only fossils obtained were a broad

Micraster (? cortestudinarium) and Terebratula semiglobosa, but

I have little doubt that it is in the zone of M. cortestudinarium.

About a mile from this quarry on the road to Upwey are two

quarries, the upper of which shows chalk with rough carious flints,

possibly belonging to the zone of M. coranguinum. The lower one

is in more nodular chalk with similar flints and a course of

nodular chalk stained yellow by iron pyrites ; below this course I

found a Micraster cortestudinarium.

The lower beds are then cut off by the Ridgeway fault.

Zone of Micr. Coranguinum. The chalk of this zone occupies

part of the highest ground to the north and west of Dorbhester,

and gradually descends to the level of the River Frome. Thus,
in the Cerne Valley it occupies the valley-slopes between God-
manstone and Charminster, but there, are only small exposures
of it. On the north-west it comes 'down to the river at Stratton
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and Bradfoi'd Peveril. It has already been mentioned that a

small exposm-e of -this chalk, containing flints with a milky-white

band, occurs at Martinstown, south-west of, Dorchester.

The chalk in the quarry mentioned by Professor Barrois near

Higher Burton (east of Charminster) may be near the junction

of the M. coranguinum and Marsupites zones. His description of

the section is as follows :

—

Feet.

Soft white chalk ---- 3

Layer of flints, which are pink outside.

Soft chalk with two layers of black flints - - - - 5

From the upper bed above the pink flints he obtained Offaster

pillula, Echinocorys gibbus, Cyphosoma elongatum, Inoceramus

and PorosphcBra globularis. I should have referred this pit to

the M. coranguinum zone, but the presence of Ofaster pillula

certainly suggests a higher horizon.

Zone of Marsupites. This zone is probably continuous

throughout Dorset, though besides the places near Blandford (see

p. 121) I only know of two localities where plates of Marsupites

have actually been found. One was discovered by my colleague,

Mr. Eeid, and is near Dewlish, in the cutting on the road to Mil-

borne, which shows chalk with grey flints, overlying soft massive

chalk with few flints, and containing plates of Marsupites. He also

found similar chalk with Marsupites in the road to Parsonage

Farm. In each case the exposure is on the contour of 300 feet.

The other locality is at Bradford Peveril, north-west of Dor-
chester, and the pit is on the Dorchester road near the pound,

a small exposure showing firm homogeneous chalk with scattered

flints, grey or black inside, with a thick white rind, and some of

them pink outside. I found two plates of Marsupites here.

Zone of Act. quadratus. To this zone I refer most of the chalk

with thick-crusted flints, which is exposed here and there to the

west of Dorchester.

South of Dorchester and north-west of Herringstone is a quarry

in chalk, with a fair number of flints, which have a thick rind

and are yellow outside ; there is also a band of white marl with

lenticular seams of grey marl, but I could not find any fossils.

The cutting on the Great Western line west of Maumbury
Ring, Dorchester, may be in this zone, but I could not find any

Belemnites, only Terebratula carnea and small ovate Echinocorys.

Zone of Belemnitella mucronata. The lower part of this

zone is exposed in the railway cutting on the Great Western line

south of the Bridport road ; this is about 30 feet deep, in firm

white chalk, with layers of flints at intervals of 4 or 5 feet, and

a few; scattered nodules. The flints are of very irregular shape,

some small and flat, some roundish, others flnger-shaped, from

4 to 12 inches in length. All have white rinds of moderate

thickness, varying from a quarter to a third of an inch. Here
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and there the chalk is rough, and full of Inoceramus fragments,
but most of it splits with a clean smooth fracture. There is no
appreciable dip. The fossils found were Belemnitella mucronata
(several), Spondylus latus, Echinocorys scutatus, and Bourgue-
ticrinus ellipticus.

West of the railway station and south of Fordington is another
cutting in the same zone, but probably in higher beds. Below
the level of the rails on the north side blocky chalk with scattered

flints of elongate shape and yellow coating has been quarried,

and resembles that just described. On the south side a face of

some 30 feet is shown above the rails, and this contains very few
flints. Bel. mucronata occurs in both exposiu-es.

South-east of Dorchester, at Whitcombe, there is a pit in chalk
with a few flints, and at West Knighton a pit worked in two
levels, showing altogether about 26 feet of chalk, almost destitute

of flints, but I did not find any Belemnitella. Dr. Barrois, how-
ever, found B. mucronata in pits at Warmwell and Owermoyne.

North-east of Dorchester chalk with Bel. mucronata, and con-

taining a few scattered flints, occurs at Stinsford and Kingston.

Professor Barrois found the characteristic fossil also at Piddletown
and Burleston. Thus there is suSicient evidence to show that

this zone forms a bordering band round the western end of the
Eocene area.

Fossils feom the Upper Ciiat.k of South Dorset.

The following list of fossils from the Upper Chalk of South
Dorset has been compiled from the species recorded by Professor

Barrois in his " Recherches," by Dr. Rowe in his paper on the
Chalk of Dorset, and by Mr. Strahan in his Memoir on the Isle

of Purbeck and Weymouth, supjilemented with a few found by
myself near Dorchester :

—
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Belemnitella lanceolata, Schloth.

mucronata, Schloth.

Gasteropoda.

Aporrhais stenoptera, Goldf. (?=Mantelli)

Dentalium sp. (? planicostatum) -

Pleurotomaria perspectiva, Mant. -

Solariella gemmata, Bow. (Turbo).

Lamellibranchiata.

Inoceramus Brongniarti, Sam. -

^ „ Ouvieri, Sow.

„ involutus, Smv.

" ^P" ,^\ '

Lima dutempleana, d'Orb. -

„ cf. Galliennei, d'Orb.

„ granosa, Goldf.

„ Hoperi, Sow.
Ostrea hippopodium, Ifilss.

„ normaniana, d'Orb. - - -

„ semiplana, Sow.

„ vesicularis, Lam. - - - •

„ -wegmaaniana, d'Orb. -

Pecten cretoeus, Defr. (=nitidus, Mant.)

„ (Neithea) quinquecostatus, Soiv. -

riicatula Barroisi, Peron.

„ sigillina, S.P. Woodw.
Spondylus diitempleanus, d'Orb.

„ latus, Sow. -

„ spinosus, Sow. -

Teredo amphisbsena, Goldf. -

Brachiopoda.

Crania egnabergensis, Retz.

„ parisiensis, Defr.

Kingena lima, Defr. -

Magas pumilus, Sow. -

Ehynchonella Cuvieri, d'Orb.

„ limbata, Schloth.

„ lineolata, Phil.

„ plicatilis, Sow.

„ reedensis, Eth.

Terebratula biplicata ? Sow.

„ carnea, Sow.

„ semiglobosa, Sow.

Terebratulina gracilis, Schloth. (var.)-

„ striata, Wahl.-

„ Rowei, KUchin
Thecidium Wetherelli, Morris

6821

3

3

3

3
3
3

3
3
3

4

4
4
4

4
4
4

5
5

5

5

5

5
5
5

5
5

5
5

5

5
5

H
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CHAPTER IX.

THE UPPER CHALK IN NORTH AND NORTH-WEST
DORSET.

In North Dorset the Upper Chalk forma a broad band, which
eventually curves round the western end of the area occupied by
the Eocene beds. On the northern side of this area the Chalk
dips gently beneath the Eocenes, its broad and unbroken
expanse presenting a great contrast to the narrow, disturbed, and
faulted tract which has been described in South Dorset.

The Upper Chalk of North Dorset is a continuation of that of

Wiltshire, and the same zones can be recognised along the Stour

valley between Stourpaine and Wimborne, as have been described

near Salisbury.

It is noteworthy that the Upper Chalk of Dorset is thicker

than that of Sussex, of Hampshire, and even of the Salisbury

district, and this appears to be due not to any increase in the

thickness of the lower zones, but to the preservation of a greater

portion of the highest zone beneath the Eocene. The following

are approximate estimates of the thickness of the several zones,

based on the differences of level at which sections in the same
zone occur on the borders of the Stour valley :

—

Feet.

Zone of Belemnitella mucronata about 220

„ „ Actinocamax quadratus - - - ^^ 250

„ „ Marsupites testudinarius „ 150

„ „ Micraster coranguinum - - „ 250

„ „ M. cortestudinarium and Holaster planus „ 80

950

That these estimates are not excessive is rendered probable

by a comparison with the thicknesses given on p. 98 for South
Dorset, and on p. 71 for South Wilts.

1. Zones of Holaster planus and Micraster
cortestudinarium.

The Chalk Rock is shown in several quarries on the hills between

Melbury and Stourpaine, its outcrop at the foi-mer place being

730 feet above the sea, while near the latter it passes below the

alluvium of the Stour.

One of the best sections is in a quarry E.N.E. of Sutton Waldron,

where about 7 feet of the rock are exposed without reaching its

base. It consists of very hard nodules or lumps of compact Ume-
tone, embedded somewhat loosely in a softer matrix, the whole
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forming a nodular mass without division into layers ; a few
pieces of light brown phosphate occui-, but no green-coated nodules,

and fossils are not abundant. At the top is a continuous seam of

black flint overlain by rough nodular chalk with flints. The
total thickness of the rock-beds appears to be about 12 feet, and
judging from a section near East Compton, the lowest bed of the

rock is about two feet thick, having a layer of green-coated

nodules at the top, and passing down into less hard nodular chalk.

In the railway cutting south of Stourpaine a somewhat different

set of beds is exposed, and the thickness is greater, thus :

—

Feet,

r Loose nodular chalk with shaly layers and a layer of

Chalk shaly chalk at the base - - 10
Rock Hard rough nodular rock 3
Beds. Hard compact cream-coloured rock with a layer of

>• green-coated nodules at top - - 2
Blocky greyish-white chalk, rising to the north and
exposed for about 20

35

The overlying beds are exposed in a quarry just north of the

bridge over the railway ; they consist of hard and rough nodular

chalk, greyish-white, with grey streaks and seams, and enclosing

many scattered flints, which are solid and grey inside, with a

white rind, which blends into the flint. This chalk seems to be

well bedded, but crumbles into a rough irregular face ; it probably

belongs to the zone of Micraster cortcstudinarium, but the only

fossil seen was Echiiwcorys scutatus. Some of the nodular lumps
were brownish inside, as if slightly phosphatic.

Similar chalk is exposed in the next cutting on the railway

to the southward, and here I found a good specimen of M. cortes-

tudinarium. In the next cutting near Nutford the chalk is

white and compact, containing large irregular flints of the

cavernous or " carious " type ; some are gi'ey inside, some brown,

and others have a tinge of red, and many are full of sponge spicules.

Beds which probably occupy a place intermediate between

those in the two cuttings last mentioned are exposed in a pit by

Whitecliff Mill, which is about 20 feet deep in whitish chalk

rough and lumpy, with numerous flints, some small and imper-

fectly silicified, others large and knobby, many of which are

cavernous and spiculiferous. Fragments of a large and thick

Inoceramus are common, but no other fossils were seen.

West of the valley of the Stour the outcrop of the Chalk Eock

has been traced by my colleague, Mr. Eeid, along the escarpment

of Okeford Hill, and thence southward to Bulbarrow and Hilton

Down. It also crops out on the inner side of this ridge, and sur-

rounds the irregular inliers of Middle and Lower Chalk by

Turnworth, Houghton Winterborne, Hilton, and Milton Abbas.

An old quarry at Clenston Farm (Winterborne valley) showp
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about 20 feet of rough-bedded greyish-white rubbly chalk, with

layers of soUd black flints. I found Micraster cortestvdvnarvum

here, and the chalk doubtless belongs to the zone characterised

by that species.

The country between Hilton and Cerne has been mapped by

Mr. Eeid, who found"no difficulty in tracing the Chalk Eock by

surface indications, but remarks that there are few good exposures

of it. It is in this district that a hard and compact chalky

limestone first shows itself in the beds above the Chalk Eock,

and there appear to be sometimes two beds of this. Thus, at

the south end of Piddletrenthide, above the school, Mr. Eeid saw

the following section in a chalk-pit:—*
Feet.

Soft chalk with grey flints (thick rinds) 2

Hard nodular crystalline chalk with casts of sponge spicules - 2

Rubbly chalk with black flints having thick rinds 12

A few feet higher another bed of very hard splintery limestone

occurs, and forms a marked ledge across the road.

In the Cerne valley the Chalk Eock first appears at Nether

Cerne, where it is exposed in a small quarry east of the village.

About 6 feet of hard nodular rock with yellowish stains, and a

few scattered green-coated nodules pass down into softer chalk.

1 found here Echinocorys scutatus, Holaster plarms, Terebratula

semiglobosa, Terebratuli/na gracilis (var.), Irwcerairvus sp., Guet-

tardia stellata, Ventriculites vm/pressus, and V. alcyonoides ?

Near Oakham Close, in a combe on the west side of the valley,

pathways cut in the steep slopes of the hills show the following

succession :
—

Feet.

White chalk with occasional layers of solid black flints- about 20
White chalk without flints „ 12

Grey glauconitic chalk with Holaster planus, Terebratula

semiglobosa and Rhynchonella reedensis - 2

Hard nodular chalk-rock with a bed of very hard compact
hmestone at the base - - • 10 or 11

On Diokley Hill, west of Cerne, the same Chalk Eock, weathering

into angular limips, crops out in the roadway at about 590 feet.

Higher up is, first, hard lumpy chalk, then chalk with solid flints,

and at 630 feet a bed of very hard compact rock, with a splintery

fracture, crosses the road and forms a step in the gutter.

Exactly the same succession is exposed on Eastfield Hill, east

of SydUng, but here there does not seem to be more than 30 feet

of chalk between them The upper rbck appears to be about

2 feet thick.

The same two hard beds have been noticed on the eastern side

of the Frome valley, near Cattistock, and are exposed in the road-

way up the hill south of Langcombe Bottom, south-east of Maiden
Newton. '\

* Geology of Dorchester, Mem. Qeol. Survey, 1899, p. 12.
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Near Cruxton, on the opposite side of the Frome, a roadway
leading up to Hill Barn traverses the whole of the Middle Chalk.

The lower part of this section has been given m Vol. ii. p. 427, and
above the beds which are there described as forming the zone
of Terebratulina the following ascending succession can be

made out, the thicknesses being approximate only :

—
Feet.

1 Compact Chalk-Rock, weathering yellow Is
2 Hard nodular Chalk with scattered flints in the upper two

feet - 6
3 Bed of yellow chalk-rock, weathering brownish 1

4 Very hard whitish chalk-rock, with glauconite, breaking into

sharp angular lumps ?4

5 Whitish sandy (or shelly) chalk, soft but enclosing hard lumps
and flints ; Terebratula carnea, Rhynch. octoplicata,

Micraster and a broken Holaster ?4

6 Rough nodular chalk without flints.

Above this the ctutting is so shallow that no measurements
could be taken, but there is some thickness of the nodular chalk

without flints, and above it comes hard white massive chalk,

and then a layer of hard compact yellowish rock, very like the

upper Chalk Rock below ; but it is not the same bed repeated by a

fault, for the chalk above is hard, white, and nodular. After some
10 or 12 feet of this the uppermost compact white limestone crops

out, like that between Cerne and Sydling, with the same sphntery

fracture. Here it seems to be about 35 feet above the lower Chalk
Rock, but as the section is throughout a shallow one, it is possible

that the lower beds of Chalk Rook have shpped a little from their

real position.

Hard nodular buflf-coloured chalk with Micraster cortestu-

dinarium is exposed in a quarry south-west of Southover Farm,
and is capped by a layer of tabular or continuous flint 9 inches

thick.

The Chalk Rock crops out again at Notton ; and further south

in an old pit between Notton and Throop the following section

is seen in what is probably part of the M. cortestvdinarivmi

zone :—

Bedded white chalk with flints

Very hard nodular rock, yellowish, with casts of sponge

spicules, passing into lumpy chalk with flints -

Soft grey marly chalk from 6 inches to

White compact chalk, passing down into nodular chalk -

Hard chalk full of yellow coated nodules, passing down
into bedded chalk with layers of flints 6

In the large outlying tract which lies between the upper

valley of the Frome and the head waters of the Axe, the Chalk

Rock has only been seen in one place. This is in an old quarry,

by the 700 feet contour line, on the western side of the main road,

north of Toller Whekne, and near Hill Barn. The exposure

Ft.
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open in 1895 was small, but showed the following beds ;

Feet.

Traces of compact rook below the soU, in one place soft mealy
chalk enclosing lumps of hard chalk and large solid flints,

Holaster planus, Rhynchonella reedensis, Cyphosoma sp. 2

Hard lumpy chalk full of green-coated nodules -
i

Hard compact crystalline limestone, becoming lumpy in the

lower part, no green nodules. Terebratula carnea, Rhyn-
chonella octoplicata, Septif&r lineatus, and Ostrea

normaniana - - - 2 or 3

Soft white mealy chalk below.

The outcrop of the " Rock" could probably be traced for a mile

or two to the eastward, but westward it is soon overlapped by

the Clay-with-flints, and is probably cut off by a fault, which runs

up the Toller valley.

2. Zone of Micraster coranguinum.

This zone probably occupies a considerable tract of country

along and east of the ridge of the main escarpment, for it is ex-

posed in several chalk pits within a little distance of the main
road from Blandford to Shaftesbm-y, as, for instance, in a pit

1^ miles east of Iwerne Minster, where the characteristic flints

can be seen, i.e., black flints with a band of milky white colour,

at a little distance from the external surface.

This zone comes down to the level of the river and the railway

at Blandford. The lowest part of it is shown in the cuttings

near Whitecliff Mill, the chalk containing many scattered

flints of irregular shapes, black inside, with a very thin rind, and
a layer of cavernous flints tinged with red. Further south in

the cutting north of Blandford Station, firm white chalk, contain-

ing layers of flints with an internal white band. Micraster

coranguinum is fairly common here,

Still further south, in the cutting west of St. Mary's Chiu-ch,

there are flints without any rind, but black and solid through-

out, but at the southern end a band of flints with white rinds

comes in, and further south the flints have thick rinds, as usual

at the top of the M. coranguimwm zone.

These upper beds with thick rind flints can be seen in chalk-

pits on the higher groimd both to the east and west of Bland-

ford, as, for instance, in the Norton pit, about two miles west of

that town, which is 20 feet deep in chalk, with numerous scat-

tered flints of this kind, but fossils are scarce.

A small pit near Normandy Farm, two miles W.S.W. of Bryan-
Ston, is interesting as again showing the chalk containing flints

with milky-white bands, many of them with spongiferous hollows,

and some stained pink or reddish. The chalk is rather tough,
with some beds of more shelly chalk of a yellowish tint, which
are full of fragments of /noceramws-shell. I found a few fossils
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here—Micraster coranguinum, Ostrea lateralis, Rhynchonella sp.,

and a fish tootli.

Zone of Marsupites.

In this part of Dorset the Marsupites chalk is by no means a

flintless chalk. It contains, on the contrary, an abundance of

flints—scattered, and seldom in regular layers—having very thick

white rinds, so that many of the smaller nodules seem to be nearly

all white rind or crust. They are always solid, never cavernous.

Chalk with such flints is exposed in the cuttings on the railway

south of Littleton and west of Charlton Marshall, but a prolonged

search in them only resulted in the discovery of one Marsupites

plate. Marsupites are, however, common in the Thorncombe pit

about two miles west of Charlton ; the chalk in this quarry is of

very even grain, brittle when dry, and splitting easily in straight

planes in any direction. Flints are abtmdant as scattered nodules,

Wt not in continuous layers, though a few may lie in line for a few

yards ; they have very thick white rinds and are yellowish outside.

Another quarry about a mile from this, and nearly a mile

south-west of Down House, shows exactly the same kind of chalk,

and plates of Marsupites are equally abundant, with small Echin-

ocorys scutatus and stems of Bourgueticrinus. The difference of level

between the two pits is about 200 feet, and there is no appreciable

dip at either place. The general inclination is probably toward the

south-east, but even allowing for this, the thickness of the zone

would not seem to be less than 150 feet, unless a fault inter-

venes ; the Uintacrinus band has not been discovered.

Still further to the south-west, on Whatcombe Down, half a mile

west of Charisworth House, is another quarry 12 to 14 feet deep in

exactly the same chalk, from which I obtainexl Marsupites-Tpl&tes

Bov/rgueticriniis ellipticus, Kingena lima, and a small thin-shelled

Ostrea.

The chalk of this zone evidently occupies a considerable surface

area between the valleys of the Stour and the Winterborne south of

Blandford Down House.

Zone of Actiuocamax quadratus.

Along the line of rail^i^ay the chalk of this zone is first seen in the

cutting by the northern end of Spettisbury (south of St. John's

church). This is about 30 feet deep in homogeneous white chalk,

splitting evenly in any direction ; flints occur in layers at distances

of 2 to 4 feet apart, but are not, on the whole, more numerous than

in the zone below ; they have a thick white crust, which generally

includes a band of chalcedonic flint. A short search for fossils

yielded Actvnocamax gramilatus, Echimocorys scutatus, Spondylus

latus, Sp. dutempleanus ? and Kimgena lima.

Near Spettisbury station is a chalk pit about 15 feet deep at a

lower level, but in the same chalk.
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In the cutting at the south end of Spettisbury, opposite Orau-
ford House, there is similar chalk, from which I obtained several

broken Belemnites which appeared to belong to Bel. lanceolata,
a species which is associated with Act. quadratus near Salisbury.

On Whatcombe Down this zone comes in near Charisworth
House, about 30 feet higher than the pit where Marsupites occur,

for Mr. C. Eeid informs me that he found Offaster piLhila in a
small pit 150 yards south-west of the house.

On the eastern side of the Stour the zone of Act. quad/raPus
might be expected to occur in the Tarrant valley, but so far as I

could judge by a passing visit, the chalk there resembled that of the
upper part of the M. coranguinum zone, and I found no traces

either of Marsupites or of Belemnites.

There is a pit at Tarrant Crauford, east of Abbey Farm, showing
chalk with an irregvdar fracture and flints with a rind of moderate
thickness ; the upper 15 feet contains scattered flints only, the lower
10 feet has three layers of flints, as well as scattered nodules. The
fossils found were Echinocorys scutatus, Terebratula carnea ?

Rhynckonella (young), and Porosphcera globularis.

At Tarrant Kingston is a pit in similar chalk, but the flints

have thicker rinds. No fossils were seen.

Zone of Belemnitella Mucronata.

Along the line of rail this zone is first seen in a chalk pit by the

bridge over the railway near Moorcourt Farm. The chalJk is much
decomposed and broken, flints are not numerous, but are black

inside, without any rind, and resemble those of Shootend, near

Salisbury. Terebratula carnea, Echmocorys scutatus, and Bel.

rrmcronata were the only fossils found.

There are better exposures on the other side of the river near

Shapwick and Sturminster. A quarry east of Shapwick, on the

road to New Barn Farm, shows about 20 feet of soft white chalk

with a few scattered yellow-coated flints. Small ovate Echinocorys

are common here, and I also found several Belemnitella mucronata,

a Salenia granulosa, some small Ostrea and Porosphcera globularis.

East of Sturminster Marshall, and close to the bridge over the

river, is a large quarry showing about 16 feet of soft white chalk

without any flints, though unworn flints with thick rinds occur

in the soil at the top. The dip is very slight, apparently to the east.

Belemnitella rrmcronata is not uncommon, and I found also Kvngena
lima. The level of the floor ot this quarry is 81 feet above O.D.,

and the hill known as Badbury Eings to the N.N.E. rises to over

300 feet, hence there would appear to be at least 200 feet of chalk

belonging to the zone of Bel. mucronata in this district.

Professor Barrois found the higher beds of this zone exposed in a

quarry at Highwood, and describes the chalk as very soft and

divided into beds about two feet thick by marly seams stained yellow
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by iron ; the flints are few, and have a thick rind. He also notes

exposiires at Broadford barrow and at Ashford, north of Wimborne.
The chalk of this zone must occupy a broad tract of country out-

side the boundary of the Eocene area between Wimborne and
Piddletown, near Dorchester. There is a small exposure in its lower

beds to the north of Aimer on the northern side of G-reat Aimer
Wood, the flints being few and small, but fossils more abundant.

It is seen again in a large pit south of Winterborne Kingston,

which shows about 25 feet of soft white chalk with a few scattered

3'ellow-coated flints, and one layer of flints about four feet from the

base. This chalk is traversed by oblique and slightly curved planes

of division, which cut up the mass into long lenticular layers, but
are not planes of bedding. The flint layer shows a slight dip to the

south-west. Belemnitella mucronata was the only fossil seen.

No careful zonal collecting of fossils from the Upper Chalk of

northern Dorset has yet been accomplished. The late Mr. Shipp,

of Blandford, collected largely from that neighbourhood, and I

have availed myself of a printed catalogue of his collection in which

many fossils are indicated as coming from Thorncombe (Marsupites

zone). This collection is now in the Dorchester Museum. For the

other zones, the species recorded in the following list were mostly

collected by myself during my traverses of the county, and a few

by Mr. 0. Eeid.

Fossils from the Upper Chalk of
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Brachiopoda.
Kingena lima, Defr. - - -

Ehynchonella limbata, Schloth.

„ octoplicata, Sow.

„ reedensis, Eth.
Terebratula carnea, Sow.

„ semiglobosa, Sow.
Terebratulina striata, Wahl. -

„ gracilis, Schloth.

Echinodermata.
Bourgueticrinus ellipticus, Miller -

Cidaris sceptrifera, Mant.
Cyphosoma Koenigi, Mant. -

„ sp. - - -

Echinocorys scutatus, Leske -

Epiaster gibbus, Lam. -

Galeritea albogalerus, Leske
Holaster planus, Mant. - - -

Marsupites testudinarius, Schloth.

Micraster coranguimim, T^ske

„ cortestudinariTim, Goldf.

„ Leskei, Desm.

,, prsecursor, Jioiue -

Oflfaster pillula, Lam.
Oreaster obtusus, Forbes

Salenia granulosa, Forbes -

Actinozoa.

Parasmilia centralis, Mant. -

Spongida.
Guettardia stellata, Mich.
Porosphaera globularis, Phil.

Ventriculites alcyonoides ? T. Smith

„ impressus, T. Smith
sp. -

X
X
X

X
X

X

X

X
X
X

X

X

X

X

X
X

X?
X

X
X
X



SOMERSET AND DEVON. 125

CHAPTER X.

THE UPPER CHALK IN SOMERSET AND DEVON.

General Description.

In these counties there are only a few small outliers of Upper
Chalk, and these consist only of the lowest part of this division

:

the zones of Holaster planus and Micraster cortestudinarium. Two
of these outUers are in Somerset, north of Chard, and the others

are on the coast of Devon, one small tract lying between Lyme
Regis and Rousdon, and two others at Beer, separated only by
the valley in which that village lies.

The coast sections are much more complete than those of the

inland quarries which do not reach above the Chalk Rock.

The zone of Holaster planus near Lyme is fairly well marked,
setting in with a band of hard splintery rocky chalk which re-

sembles the Chalk Rock of North Dorset and contains small frag-

ments of brown phosphate of lime. It is overlain by lumpy and
nodular chalk, and in the Pinhay cliffs this zone appears to be

about 40 feet thick, but is reduced to 24 feet at Beer, where
the rocky bed at the base is not more than 2 feet thick. Both
near Lyme and at Beer a conspicuous layer of large flints forms

a convenient plane of division between this and the overlying zones.

The zone of M. cortestudinarium also consists for the most
part of rough lumpy chalk with one or more layers of hard yellowish

rocky chalk. Micraster prcecursor with varieties approaching

M. cortestudinarium occurs in some abundance, and some 50 feet

of this chalk can be measured. In the lower part the flints are

solid and mostly black inside, but higher up there are some

cavernous flints.

That the zones of M. coranguinum and Marsupites testu-

dinarius originally extended over Devonshire is proved both by

the flints and the flint fossils which are found in the gravels

capping the higher plateaux. These include casts of Micraster

coranguinum, of Galerites albogalerus, and of ilfarsitpites-plates,

and the flints are of three sorts, some cavernous with branching

cavities enclosing remains of Doryderma ramosum ; some solid and

translucent with a milky white band near the periphery, and

thirdly flints which are solid and Ught grey throughout.
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1. Somerset.

The Chalk Eock was found at two localities north of Chard,

(1) west of Wadeford, and (2) north-west of Combe St. Nicholas.

The patches near Wadeford cap the higher parts of a triangular

area of Middle Chalk let down by faults far below its normal

level. There is no good exposure, but in an old pit south-west

of Wadeford House fragments of the rock can be found.

The other tract is an outlier on Combe Beacon Hill, the outcrop

occiuring at a height of about 740 feet. A chalk pit at the eastern

end of the hill half a mile north of Combe St. Nicholas shows :

—

Feet.

Clay with flints of irregular depth .... 3,7

Zone of ff. /Nodular chalky limestone separating into lumps
planus. \ which are very hard (fossils) - - 3

Middle
("Nodular chalk, less hard - - about 3

p, IV 1
More massive chalk, but stUl rather nodxdar, „ 3
iTalus partly concealing white blocky chalk -

The fossils found were Solariella gemmata (cast), Spondylus

spinosus, Terebratula semiglobosa, RhynchoTiella Guvieri, Rh.

reedensis, Terehratulina lata ?, Discoidea Dixoni, and a cast

of a coral (Parasmilia). No green-coated nodules \\ ere seen, but

the rock includes a few small bits of brown phosphate and
greenish fragments. It is certainly comparable to the lowest rock-

bed of noi'th Dorset and the section shows its passage downward
into the Terehratulina zone.

2. The Coast of Devon.

West of Lyme Regis the zones of Holaster pla/nus and Micraster

cortestudinarium form the higher parts of Pinhay and Whitlands

cliffs, but the bluffs in which they are most clearly exposed are

rather difficult to reach. In 1895, I managed to examine and

make rough measurements of the beds at two places in Pinhay

cliff. The first of these was between the most eastern bluff,

and the pathway leading to the top of the chff a little farther

west. Here the descending succession appeared to be as

follows, but the beds had to be followed along an oblique line :

—

Feet.

4. Firm white chalk, rather rough, with layers of black flints,

Micraster sp., Echinocorys scutatus, and Terebratula

semiglobosa . - 20
3. Hard rough nodular chalk with scattered flints weather

ing to a very rough surface - about 36
2. Hard nodular yellowish rocky chalk with small scattered

pieces of brown phosphate and a few flints ; Holaster
planus common, with Sportdylus spinosus, Parasmilia
centralis, and a cast of Solariella gemmata 12-14

1. Soft white chalk with some flints.

About 70
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No. 1 is the top of the Terebratulina zone. No. 2 is the

equivalent of the Chalk Rock, the hard lumps are compact and
yellowish, and the mass closeh' resembles the aspect of the Chalk
Rock near Gerne and other localities in West Dorset. Part of

No. 3 may also be referred to the zone of Holaster planus, but

No. 4 must belong to the overl3dng zone, of which some 30 feet

more come in above but are inaccessible. Here, therefore, there

is certainly 100 feet of Upper Chalk. ^

The other section exaixdned was at a spot where it is possible

to descend from the top of the chff about 100 yards west of the

gate to the pathway leading down from the summit. Here
the following observations were made:—

Feet.

/Clay with flints at top - - _
Soft white chalk with flints - - ? 10
Lumpy white chalk with layers of flints, Micraster

cortestvdinariwm and Echinocorys scutatus - ? 10
Beds not clearly exposed - 1 20
Hard yellowish rocky chalk (2 feet), passing down into

soft chalk (1 foot) 3

Lumpy chalk passing down into more massive chalk,

scattered flints 3
\Hard lumpy chalk with scattered flints 6
' Hard yellowish rocky chalk without flints, Micraster

prcecursor and large Terebratula carnea 7

Eather hard lumpy chalk with many scattered flints - 34

^

s>

d
o

ui 00
o CO

S ( Soft chalk with hard lumps and mauy flints, Holaster
planus, Micraster Leskei, and l^'.rebratida carnea,

very lumpy at base - 12i
Rougher and more rocky yellowish ch ilk without flints

^ '^ in the lower part, Hola&ter planus i ad other fossils 15
Lumpy chalk, passing down into massive and softer chalk

with scattered flints, Terebratulina gracilis, var. lata

and Spondylus spinosus seen for 8

About 98

The lowest bed here seen belongs to the Terebratulina zone,

the next 38 feet may be regarded as the zone of Holaster

planus, and the upper 50 feet as part of the zone of Micraster

cortestudinarium, but I did not recognise any definite plane

of separation here. Typical specimens of Micraster Leskei are

common in the zone of Hoi. planus.

A little farther west is Chapel Rock, a large mass of chalk which

has shpped from the chff and has left a bold bluff behind it. This

bluff is between 120 and 130 feet high ; the lowest 15 or 20 feet

belongs to the Terd)ratvlina zone ; then comes the yellowish

nodular chalk of the Hoi. planus zone (about 40 feet) surmounted

by chalk with numerous layers of flints which includes a band of

hard yellow rocky chalk about 8 feet from the top.

I was unable to examine the face of Chapel Eock or the

cliff to the west of. it, but fortunately this has since been done
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by Dr. A. W. Rowe, from whose account the following is con-

densed-* At the foot of the main cliff west of the Chapel Rock
and just above the talus he noticed a thin layer of marl, below
which Ter. gracilis var. lata is abundant, associated with
Micraster corbovis and some Holaster planus ; above the marl
H. planus becomes commoner and is associated with M. Leskei

and M. prcecursor, consequently the marl seam coincides with
the zoological change from the zone of Terebratulina to that

of ffol. planus. At 26| feet above the marl-seam he found a
" strong " layer of flints and 13 feet higher a thin continuous
seam of flint ("tabular band"). He found the fauna of the
H. planus zone extending up to this flint-seam, but above it

the Micrasters change, "Micraster corbovis, M. Leskei and
Holaster planus die out and are replaced by Micraster prcecursor

of the group-form associated with the zone of M. cortestudi-

narium. This thin tabular flint-band is therefore the dividing

line between the zones of Holaster planus and Micraster

cortestudinarium."

Continuing upwards Dr. Rowe noticed two seams of marl,

one 4 feet and the other 8 feet above the flint-seam ; higher up
are two bands of yellow nodular chalk and near the top a

stronger band of hard yellow nodular rock. He did not measure
these beds but estimates their total thickness at from 45 to 50
feet, referring all this to the zone of M. cortestudinarium, while

that of Hoi. planus has a thickness of nearly 40 feet.

The hard yellow rock is also seen at the top of Chapel Rock,
the southern face of which presents a fine weathered section of

the two zones ; on it the same guiding features can be traced,

the lower 30 feet belonging to the zone of Hoi. planus, and at

the base of the mass 16 feet below the strong bed of flints are

two other noticeable flint-layers. Dr. Rowe describes the chalk

of the Hoi. planus zone as consisting mainly of hard iron-

stained nodular beds with not a few phosphatic and glauconitic

nodules scattered throughout ; he found two examples of Sola-

riella gemtnata and one of Pleurotomaria perspectiva, but he
will not admit that any of it can be called Chalk Rock. If the

term " Chalk Rock" is restricted to a special lithological type

then we agree with him. but the hard fragments in the zone of

H. planus at Pinhay have the characteristic structure of Chalk
Rock under the microscope (see p. 303) ; they only differ from
the typical aspect of the rock in not forming continuous beds

of hard limestone with layers of green-coated nodules.

The Chalk of Pinhay cliff dips to the eastward, so that the

zone of Hoi. planus rises westward and is not seen in the great

cleft at the western end of the cliff, though it must only just

escape coming into it, as shown in Plate II. of Dr. Rowe's
paper.

* See Proc. Geol. Assoc, Vol. xviii., Part I. (190^, being the third part

of Dr. Howe's Memoir on the " White Chalk of the English Coast."
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Tu Whitlands cliff I could not find any trace of the IIol. planvs
zone, and if present it must be only just in the centre of the chfl

below the gravel capping; nor is it again seen at any point
between this and the month of the Axe.

The next outlier of Upper Chalk is that which is truncated by
the cliff on the northern side of Beer Harbour. The upper part
of this cliff is known by the name of Annis' Knob and the footpath
from Beer to Seaton runs by it. (See Fig. 43.)* Although this

bluff is not much over 50 feet high both the zones of Micraster
cortestudinarium and of Holaster planus appear to come in, the
latter being thinner than near Lyme. About the middle of the
bluff is a conspicuous course of large black flints, and as Hoi.
planus is abundant below this flint band and was not found
above it, I took it as a convenient line of separation between the

two zones. My note of the succession here seen in 1894 is as

follows :—

I

s

1

a
o

' Chalk with many layers of flints, some of them with
hollow spaces ; some hard nodular lumps in
lower part, Micraster cortestudinarium, Terehra-
tula carnea, Porosphaera globularis, and Inocera-
mus - - - ...

Feet.

10

Hard rough nodular chalk with a yellowish rocky
bed at the top containing fragments of brownish
phosphate. Many flints, the whole weathering
in rough layers. Micraster common - 10

Hard rough nodukr chalk with flints and a band of

very hard yellowish rock at the top. Echinocorys
scutatus, Micraster, Rhynchonella reedensis, and
a coral (? Parasmilia)

Soft greyish-white chalk without flints -

N Conspicuous layer of black flints

7i

i CO

oN

Rough chalk with many scattered flints, and hard
nodular lumps arranged in layers, Holaster planus,

Micraster Leshei, M. cortestudinarium, Terebra-

tula carnea, and Rhynchonella reedensis - 12

Hard rough chalk with many scattered flints and
some small bits of light brown phosphate, Holaster

planus, Rhynchonella plicatilis, Terebratulina

gracilis, var. lata 1 Terehratula carnea, and
Cyphosoma radiatum 10

Rough chalk full of very hard yellowish lumps and
\ some light brown phosphates seen for 1

* A front view of this bluff has been given in Vol.

Memoir, p. 439.

6821

II. of this
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On the east side of the bluff above the path there is a small fault

with a downthrow to the east bringing in about 20 feet of the

higher and less nodular chalk with cavernous flints.*

The Upper Chalk is exposed again in the old quarries north-

west of Beer (see vol. 11. p. 446), where about 30 feet of hard
nodular chalk come in above the bed which I take as the base

of the zone of Holaster planus.

The last outher of Upper Chalk is that of Beer Head, and this is

only accessible in two places. A conspicuous band of flints,

which is probably that above mentioned, can be seen near the

top of the cliff at the headland above Little Beach, and the beds

of the M. cortestvdinarium zone can be reached from the cliff-

top north of the headland, at a place where a sUce has slipped

down and left an exposed face. The section shows rough
nodular chalk with some yellowish rocky beds, and from them
Mr. Rhodes obtained some of the characteristic fossils, Micraster

prcecursm- and M. cortestudinariwm being fairly common. The
other place is in the bluffs adjoining and above the path which
leads down from the top of the cliff east of the Coastguard

Station. Mr. J. Rhodes collected from these bluffs in 1894,

and supplied me with the following note of the beds.

Fee:

(Rough chalk with scattered flints and a layer of flints at

the base, not accessible - - - - 8
Rough chalk with scattered flints and a conspicuous layer

of flints at the base - . - - - - 24

, Rough chalk with hard lumps and a few flints, Holaster

planus found near top and also at base - - - 16

Rough yellowish nodular chalk with scattered bits of

brown phosphate. Micraster corhovis, Sol. planus,

Cyphosoma radiatwm and Plev/rotoma/ria sp. 2

From the characters of the two lower beds I judge them to

belong to the zone of H. flanns, of which there is probably

more below.f

* Dr. Rowe has since collected from these beds, and states that the

actual zoological passage from the zone of H. planus to that above occurs

about 10 feet above the marked layer of flints ; if this is so, and if the
lowest bed seen is not more than 2 feet thick, the tnickneas of the ZT. planus
zone is here, in my opinion, about 34 feet. Dr. Rowe, however, placed its

base some 26 feet lower than I do, on the assumption that a certain marl-

band, seen in the cliff but not accessible, is the same as that which divides

the zones at Pinhay. I have referred the beds above this marl-band at

Beer to the Terebratulina zone.

t Dr. Rowe was unable to identify the zone of H. planus at this spot,

and as he gives no description of the beds he did see above^the path it is

impossible to tell whether the exposure he mentions was the same as that

above noted.
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The zone of Holaster planus rises westward from Beer Head, and
finally crops out at the top of Hooken cHffs near the Coastguard
Station.

"

Fig 43.—View of Annis Knob, South of Beer, showing the zones of

Holaster planus (a) and Mieraster cortestudinarium (b) ; the con-

spicuous layer of flints (c). From a photograph by Mr. E. Good of

Seaton.

The Flint Gravel of the Haldon Hills.

As stated on p. 125, evidence for the previous existence of

still higher zones in Devonshire is furnished hy the fossils found

6821 1

2
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in the flints which form extensive tracts of gravel not only on
the patches of Chalk near the coast, but also on the ridges and
plateaux of Selbornian sands which stretch thence to the north-"

ward.

The most westerly tract of such gravel is that which caps the
Haldon Hills, south-west of Exeter. These gravels are in places
as much as 20 feet deep, and are believed to be of Eocene age.
The flints they contain are mostly of a very pale whitish-grey
colour inside and many fossils have been obtained from them,
collections of these being preserved in the Museums at Exeter
and Torquay. The most interesting of these are plates of
Marsupites testudinarius, the occurrence of which was recently
recorded by me in a short note from which the following
remarks are quoted :

—

" The [plates are] casts in pale grey flint, and it is somewhat
remarkable that they show a strongly-marked arrangement of
ridges corresponding with those on the more ornate varieties of

M. testudinarivs. As the inner surface of all plates of

Marsupites is smooth, I conclude that the plates embedded in

flint were partially silicified, but even then it is not easy to

understand the persistence of the ornament unless this is

structual and not merely an external ribbing. . . .

" So far as I can ascertain, no remains of Belemnites have been
found in the Haldon flints. Prof. Clayden has kindly made
enquiries for me at Exeter, and has searched through the collec-

tion in the Albert Museum, but has not found any trace of

Belemnites or of fossils characteristic of the zones of Actino-
camax quadratus or Bele7nnite.Ua mucronata It should,

however, be remembered that even if no fossils belonging to

higher zones than that of Marsupites should ever be foim.d on
Haldon, their absence will not mean more than the absence of

such zones within the area at the time when the Bagshot Beds
were formed. It will not prove that the higher zones never
extended into Devonshire, but simply that they were destroyed

during the upheaval of the Chalk and before the formation of

the Bagshot Beds.

" The occurrence of the plates of Marsupites does, however,

enable us to form an estimate of the total thickness of Chalk
which may have existed in the neighbourhood of what are now
the Haldon Hill when the Bagshot gravels were being accumu-
lated. The Lower Chalk would be represented by only a few
feet of calcareous sandstone, as on the Devon coast, and may
consequently be neglected ; the Middle Chalk is about 100 feet

thick at Beer, and the mean thickness of the zone of Holaster

planus in Devon is about 40 feet. To get an estimate of the

thickness of the zones of Micraster cortestndinarium and M.
coranguinum we must go to Dorset, where the mean of several

measurements gives 80 feet for the former and 200 feet for the

latter. Finally, the thickness of the zone of Marsupites was
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found to be 111 feet near White Nothe, and Marsupites are
only found in the upper 30 feet ; if this thickness was maintained
to the westward, the total thickness of Chalk under erosion in

Devonshire would be as follows :

—

Feet.

Zone of Marsupites tesiudinarius - 111

„ Micraster coranguinum 200
„ Micr. cortestudinarium 80

„ Holasterplanus 40
Middle Chalk - 100

" We may therefore • safely assume that the Haldon gravels

represent the riddlings of about 500 feet of Chalk.

" The following is a list of the fossils obtained from the flints in

the gravel on the summit of the Haldon Hills, and preserved in

the Museums of Exeter and Torquay. For a list of those at

Exeter I affi indebted to the Curator, Mr. F. R. Rowley ; these

are indicated by the letter E, and those at Torquay by t.

Inoceramus Brongniarti 1 Sow. e, t.

'„ mytiloides, Sow. e, t.

„ sp. (large and flattish.) t.

Lima Hoperi, Sow. e, t.

Pecten cretosus, Defr. E.

Septifer lineatus, Sow. t.

Spondylus spinosus, Sow. e, t.

Enynclionella Cuvieri, d'Orb. e, t.

,. limbata ? Schloth. e.

„ reedensis ? Eth. e.

„ plicatilis, Sow. e, t.

„ „ var. octoplicata, Sow. e, t.

Terebratula carnea, Sow. e, t.

Cidaris clavigera, Kiinig (spines), e, t'

„ hirudo, Sorig. (spine.) t.

„ sceptrifera, Mant. (tests.) E, t.

„ perornata, Forbes (spine), e, t.

Cyphosoma Kcenigi, Mant. e, t.

Echinocorys scutatus, Leske. E, t.

Galerites castanea, Brongn. t.

„ albogalerus, Leske. e, t.

Marsupites testudinarius, Schloth. e, t.

Meropaster Mantelli, It'orLes. E.

Micraster coranguinum, Leske. e, t.

„ prsecursor ? Rowe. T.

„ cortestudinarium, Gobif. t.

Opniura serrata, Roem. (cast of disc and arm.) e.

Cliona cretacaa, Portl. e, t.

Doryderma ramosum, Mant. E.

"This assemblage is probably derived mainly fromthe zone of

Marsv-pites and M. coranguinum, but includes specimens from

the zones of M. cortestudinarium and Hoi. planus and possibly

from the Terebratulina zone."

Fossils from the Upper Chalk of the Coast.

Th^ following Ust of fossils includes those found by Mr. Rhodes

and by myseK, and also incorporates a list kindly sent me by Dr.

A. W. Rowe of the fossils obtained from these zones by himself



134 THE CHETAOEOUa ROCKS OF BRITAIN.

and Mr. Sherborn in 1898. The letter e indicates that the species

is common, / c= fairly common, and r=rare,—



COAST OF KENT. 135

CHAPTER XI.

THE TIPPER CHALK OF THE KENTISH COAST.

Notice of Peevious Studies.

The earliest description of the Upper Chalk as exposed ia the
cliffs of Kent is that by WiUiam Phillips in 1818*, republished
in Conybeare and Phillips' "Geology of England and Wales/'
but this description only included the cliffs between Dover and
Eeal, not those of the Isle of Thanet.
The structure of the Isle of Thanet was first explained by Mr.

W. Whitaker iu 1865 jf when he showed that the beds are raised

into a low anticline (or perhaps the half of a dome or pericUne,
the eastern part of which has been worn away by the sea). He
also pointed out that "the comparatively flintless chalk of

Margate is above the more flinty chalk of Broadstairs," and that the
latter forms the upper part of what PhiUips had called " the chalk
with many flints."

In 1870 Mr. G-. Dowker wrote a paper " On the Chalk of Kent,"J
with a section showing the sub-divisions of the Kentish Chalk,
as based on Uthological differences ; the Upper Chalk of Kent
being divided into three parts—(1) Margate Chalk, (2) Ramsgate
Chalk, and (3) St. Margaret's Chalk, the second including
Whitaker's "Broadstairs Chalk," and all the "chalk with many
flints," while the third comprised all the rough nodular chalk
seen in the cliff at St. Margaret's, near Dover.
Mr. Whitaker's " Geology of the London Basin "

|1 embodies
the information obtained by Phillips and himself with respect to

the coast section, adding some fresh particulars.

The Chalk of the Isle of Thanet was the subject of a careful

examination by Mr. F. A. Bedwell in l873,§ who specially studied

the zone in which large Am/monites occur in the cliffs, giving

a detailed diagram of the chff section, -a tabular measurement of

the beds exposed, and important particulars of the continuity of

certain layers of flint.

The next contribution to our knowledge was from Professor

E. Hebert,1 who described the whole of the chalk in the cliffs

* Trans. Geol. Soc., Vol. v. p. 16.

t Quart. Journ. Geol. Soc, Vol. xxi. p. 395 (1865).

J Kead before the Geol.Assoc, and published in Geol. Mag.,Vol. vii. p. 466.

II
Mem. Geol. Survey, Vol. iv. 1872.

§ See Geol. Mag., Dec. 2, Vol. i. p. 16 (1874).

IT Bull. Soc. G^ol. France, Ser. 3, T. ii. p. 416 (1874).-
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between Folkestone and St. Margaret's, grouping the beds in zones

according to the classification which he had adopted for the French

Chalk, and finding a close correspondence between the zones on

each side of the English Channel.

This description was supplemented in 1876 by the publication

of Dr. Ch. Barrois' " Recherches,"* in which he added further

particulars of the chalk at Walmer, Broadstairs, and Margate,

and assigned the beds to four zones, namely :—

1. Zone of Marsupites=M.&Tga,te Chalk
2. Zone of Micraster coranguinum^Ghalkoi Broadstairs andWalmer.
3. Zone of Micr cortesttdinarium}^^^^-^^

^j g^ Margarets.
4. Zone ot Holaster planus )

At that time he included the zone of M. cortestudinarium, in the

Senonian stage, and referred the zone of Hoi. planus to the Turo-

nian, but, as already explained, we shall include both in our Upper
Chalk.

Mr. W. Hill described the chalk which forms the zones of Hoi.

plawus and M. cortestudinariwn in 1886f, and compared these

beds near Dover with the Chalk Eock beds of Oxfordshire and

Buckilighamshire.

Quite recently the whole of the coast section from Dover to

Margate has been carefully studied and searched for fossils by Dr.

A. W. Rowe, of Margate, his results being pubhshed in March,

1900.| This memoir differs from its predecessors in being little

occupied with lithological details, and in being essentially a study

of the zonal divisions. The author adopts the zones established

by Hebert and Barrois, and by more exhaustive collecting of the

fossils he has determined the exact junctions of the several zones,

or rather he indicates the beds within which one zonal fauna changes

to another, and certain horizons which can be taken as bases for

measurement of thickness. This paper, with its long and well

identified list of fossils, showing their zonal distribution, is a

valuable contribution to our knowledge.

Mr. W. Hill also paid several visits to the coast near Dover during

1897, 1898, and 1899, and on the last occasion he had the advantage

of comparing notes with Dr. Rowe. The result is that we are able

to make our description agree very closely with that published

by Dr. Rowe, and at the same time to supplement it by more

continuous particulars of the beds comprised in the lower zones.

Fig. 44 shows the positions occupied by the lower zones of the

Upper Chalk in the cliffs near Dover.

* Recherches sur le Terrain Crdtac6 Sup^rieur de I'Angleterre et de
rirelande. Mem. Soc. G6ol. du Nord. 4to. Lille.

t Quart. Journ. Geol. Soc, Vol. xlii., p. 239.

t The Zones of the White Chalk of the English Coast : Part I., Kent
and Sussex ; Proc. Geol. Assoc, Vol. xi'i. p. 289.
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Stratigraphical Details.

Zone of Holaster planus,

As already mentioned in the second volume of this Memoir,

p. 372, what we take to be the base of this zone is a bed of chalk

about four feet thick, full of flints, which at the top and bottom
tend to become arranged in line, so as to form two layers. In this

bed Holaster planus is fairly common. We take this bed as the base

of our zone of Holaster planus, partly because that fossil is more
abundant in and above it than it is below, but mainly because

a bed in which flints are thickly scattered occurs at about the

same horizon in the inland exposures along the North Downs, and
serves as a gmde in dividing this zone from that of Terebratulina.

This flinty bed is not everywhere equally well developed, and
may not be constant, but the marl band, which occurs 13 feet

lower at Dover, is not persistent inland, and it is therefore much
more convenient to take the former as the base of the Hoi. planus

zone.

Based upon this flinty chalk, the following succession of beds

can be seen in the cliff at Fan Hole, east of Dover :

—

7. Rough chalk consisting of hard lumps in a softer matrix,

some scattered flints and many fossils

Layer of flints -

6. Smooth firm white chalk. - - -

A ,thin seam of marl
5. Smooth firm white chalk.

Layer of flints

4. Rough lumpy chalk with Hoi. planus
3. Seam of soft marl, forming a marked plane

2. Rough lumpy chalk with Hoi. planus
1. Two layers of flints forming top and base of lumpy

chalk with many scattered flints

Ft. in.

2
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Fig. 45.—View of a porti(jn.of the cliff east of Dover, showing the beds

at the junction ofthe Terebratulina zone with that of Holaster planus.

The numbers on the left side refer to the description given on p. 138.
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abundant in this chalk ; Holaster plarms and Echinocorys scutatua

are not uncommon, and Grasteropods of Chalk-rook species make
their appearance in it.

Above this is a well-defined bed consisting of lumps of hard,

compact, cream-coloured chalk about a foot thick with a clearly

marked upper surface. This is succeeded by whiter and less

nodular, but still somewhat lumpy, chalk, in two courses, which
are together 4J feet thick. Then comes a bed of hard, yellowish,

nodular chalk, which weathers into knotty projections, and is about
2 feet thick, followed by 6 feet of hard, yellowish, rocky chalk,

rather rough and lumpy, but more solid than the beds below.

Scattered flints occur in each of these beds, and show a tendency
to arrangement in layers.

We believe that the plane which we take as the top of the Hoi.

planus zone is the same as that taken by Dr. Rowe, but as we
begin the zone 7^ feet lower than he does we get a total thickness

of 43^ feet.

The beds above described can be easily identified in the detailed

section published by Hebert in 1874 ; they correspond to his

numbsrs 15 to 20 inclusive, to which he gives a combined thickness

of 14 75 metres, equivalent to about 48 feet. The greater part

of this, however, was referred by him to the upper part of his

Itwc. labiatus zone, and he was doubtful whether even the beds

18-20 belonged to the zone of Holaster planus. This latter zone

he considered to be represented mainly by about 26 feet of the

overlying chalk which we assign to the zone of Micraster cortes-

tudinarium. It is evident that he was guided more by the

f)resence of Holasters than by the Micrasters, but the fact serves

to show how closely the two zones ai'e related.

Part of the zone of Hoi. planus comes into the top of the

cliffs west of Dover and in 1901 Dr. Eowe was able to obtain

its characteristic fossils from the debris of a great fall from the

top of Shakespeare's Cliff in 1899.* The chalk contrasts with

that of the Terebratulina zone in being of a greyish tint and
full of flints. Judging from the characters of the Micrasters he

found. Dr. Rowe thinks that this cliff includes the lower and

central parts of the zone, but not the highest part.

Zone of Micraster cortestudinarium.

The whole of this zone can also be examined by continuing the

' ascent of Langdon Stairs.

Above the rocky chalk last mentioned there is softer chalk

with a few scattered flints for 7 or 8 feet, this bringing us to an

angle of the zigzag path ; above this comes similar chalk tei-

minating in a bed of hard yellowish nodular rock, the whole

about 6 feet thick and overlain by a continuous seam of flint.

* Proc. Geol. Assoc, Vol. xvii., p. 190 (1901).
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Above this continuous or tabular layer of flint the beds become
whiter, and, on the whole, softer and less nodular, but there still

occiu- at intervals beds of hard rough lumpy chalk, such courses
being generally from 12 to 18 inches thick. This kind of chalk
continues for a thickness of about 60 feet, and contains many
scattered flints, with a few (three or four) well-marked layers of

flints.

There is no very definite top to the zone, that is to say, there is

no bed of marked lithological character at or near the passage
from this zone to the next which might be regarded as its summit.
We have simply taken the highest of the markedly rough and
lumpy beds of chalk as the top of the zone. This is at a height of

75 feet above the summit of the Hoi. planus zone, and 8J feet

below the seam of flint which Dr. Rowe calls the " coranguinum
tabular."

This thickness does not agree with the measurements taken
by Dr. Rowe in St. Margaret's Bay, where this zone comes down
to the shore. At that place (Canterbury Hole), he found the
summit of the zone of M. cortestudinariuvi, coinciding with the
highest yellowish nodular bed, to be 15 feet below the " coraro-

guinuTn tabular," and 26 feet above the " cortestudinarium,
tabular ;

" from which latter to the base of the zone only 30 feet

intervened, thus making a total thickness of only 56 feet.

If both his and our measurements are correct, it would appear
that the zone has increased in thickness by 19 feet in passing
from the one point to the other, a distance of about two miles.

If, however, the zoological summit of the zone at Langdon Stairs

should prove to be at the same distance below the coranguinuvi
tabular as at Canterbury Hole, then the increase of thickness

would be only 12| feet.

Viewed as a whole the zone of M. cortestudinariuTn may be
described as consisting mainly of chalk which is greyish in

colour with marly patches and veins, but at intervals occur bands
of hard, nodular, yellowish chalk, which weather out in rough
relief. " This chalk," says Dr. Rowe, " is very curious, as we have
hard yellow nodular bands, from which fossils can hardly be

extracted, and soft patches from which they can be removed
with a pocket knife. The soft marly pockets are rich in Bryozoa

and Foraminifera."

The flints of this zone are more or less scattered, and even
where they tend to run into a layer, they are generally placed

irregularly in a certain thickness of chalk. Many of them are

cavernous, and sponge-remains are common.

The prevalent fossils are Micrasters with deeply-subdivided or

strongly inflated ambulacral groves, Holastev placenta, and
Echinocorys scutatus, var. gibbus.
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The following measurements of the beds composing the zones

of Holaster planus and M. cortestudvncur'vmn, at Langdon Stairs

were taken by Mr. Hill in 1898 :
—

s

^
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J2

¥1

QJ

o |-r.

« 2 to

c a,
CS3
^

'( Firm white chalk with layers of flints, about
White chalk with scattered flints (to corner of 1st

slope) - ... . .

White chalk with scattered flints

Thin layer of tabular flint (the " coranguiutmi
tabular") ... . .

Course of rather rough lumpy chalk without
flints " '. "

Chalk with some flints at top and bottom
^Chalk with few flints - -

' Chalk with hard lumps and no flints -

White chalk, somewhat lumpy, with scattered

flints, to bottom of second slope

White chalk in four beds, two without flints and
two with scattered flints - -

Weak layer of tabular flint - - - -

Chalk with scattered flints passing down into

lumpy chalk - " " ."

Firm white chalk with scattered flints and a

fairly marked layer at the top - - -

Rather rough lumpy chalk with flints

White chalk, rather lumpy but without flints -

White chalk with scattered flints - - -

Well marked bed of hard creamy lumps -

Less lumpy chalk with scattered flints

Hard rough yellowish lumpy chalk with flints

Passing down to softer white chalk with a well

marked layer of flints at base

Smooth firm white chalk without flints -

Hard rough lumpy chalk - - -

Layer of flints - - " " . " '

Chalk of irregular lumpy texture with some
scattered flints in the middle

Thin layer of tabular flint - -

Rough chalk with yellowish limestone lumps,

passing into smoother chalk to bottom of 4th
slope - - - -

Lumpy chalk with a few scattered flints

Rough lumpy yellowish chalk with some flints

I
Whiter and less lumpy chalk
More compact yellowish chalk passing down into

lumpy cnalk - ....
Two beds of hard yellowish chalk with 4jft. of

whitish lumpy chalk between them
Rough lumpy chalk, more or less hidden by talus

Smooth chsdk between two layers of flints -

Rough lumpy chalk
Seam of marl (Dr. Rowe's base)

Rough lumpy chalk

VChalk with many flints (see p. 138)

Ft
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be this horizon, and says that he checked the measurements
with those taken further east, but we doubt if they agree as

closely as he supposed.

If the above section be compared with that given by Professor

Hebert it wiU be seen that it includes the beds which he numbered
•21 to 26, and probably also 27, which he describes as terminating

in " a bed of hard chalk 1 metre thick." The thickness of beds

21 to 27 inclusive he makes about 73 feet.

Dr. Kowe does not give a tabular view of the succession in

St. Margaret's Bay, but he mentions certain lithogical details

and gives measurements between certain horizons, from which
the following may be inferred as his view of the succession :

—

Feet.

Strong tabular layer of flint

Chalk with flints {M. coranguinwm zone) - 15

.li /Chalk with several well-marked yellow nodular

o o
CD t-i

^ OD CO

bands from 7 to 5 feet apart - 26
Thin layer of tabular flint

Chalk with yellow nodular bands -
. 15

Marked layer of flint-nodules

Chalk [? whiter and less nodular] 15

, Marked layer of flint-nodules

Nodular chalk (no description given) 16
" Chalk Eock," a series of nodular beds containing

. brown phosphate nodules 9
Nodular chalk - - 4

Chalk with two layers of flints 5|
^.Open seam of marl

Dr. Kowe terms a certain thickness of beds in the Hoi. planus
zone " the Chalk Rock," and appears to have been under the

impression that they had been previously so called, which is a

mistake. We do not regard these particular beds as the exact

equivalent of the Chalk Kock of the Midland Counties, though
they may represent part of it.

Zone of Micraster coranguinum.

This is the chalk which William Phillips described as "' chalk

with many fliuts and with few organic remains," a brief description

which is quite correct. The beds of flints are frequent, occurring

at distances of from 18 to 36. inches, and being on the average less

than two feet apart. Fossils are not abundant, and are absolutely

rare in. the lower part. On this point we may quote Dr. Rowe's

remarks in his recent paper on the Kentish coast section, * " Fossils

are uniformly distributed through the upper three-fourths of this

zone, being perhaps a trifle more abundant at the top than else-

where ; but the base is nearly always singularly barren in organic

remains
"

The cliff at the north end of St. Margarets Bay consists entirely

of this chalk, but it is not very easy to measure, and Hubert's

*Proc. Geol. Assoc, Vol. xvi. p. 303.
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section is the only detailed account yet published (Op. cit. p. 425).

Of this the following is a translation in descending order :—
Feet.

Chalk with flints - - - about 50
Thick continuous band oi flint.

Soft white chalk with flints in regular layers 98
Chalk with numerous layers of flints and many fragments

of Inoceramus. Micraster coranguinum found - 40 to 50
Dry homogeneous chalk without flints 3
Soft white chalk with many flints and many scattered frag-

ments of Inoceramus. Found Inoceramus involutus and
a Micraster 10

Soft chalk with scattered flints, a thick bed of flints at the
top and an argillaceous layer near the base. M. coran-
guinum 1 and Holaster placenta 11

J

Chalk with two thin continuous layers of flint 1

Soft white chalk with some flints &\

About 230

In all probability the " thick band of flint," about 50 feet from
the top in this section, is the bed fu-st described by Mr. Bedwell in

1874 as the " columnar band."* This, he says, is like a mass of
" irregular honeycomb," and it is a foot or more thick, " but its

chief peculiarity is this, that from it at irregular intervals spring

perpendicularly columns of flint, similar in constitution to itself,

and extending to a height of a foot or a foot and a half." This

bed he himself identified in Walmer cliffs, and its importance lies

in the two facts, first of its persistence and second of its serving

as a guide line to a layer of tabular flint which comes in about

30 feet above it both in the Walmer clift's and in those of the Isle of

Thanet.

This second marked layer of flint is known as the " three-inch

band," a name given to it by Mr. Bedwell in the paper above men-
tioned ; the existence of this layer was, however, first pointed out

by Mr. Whitaker,f who also indicated its occurrence near the top

of the Walmer cliffs, an observation confirmed by Mr. Bedwell,

and more recently by Dr. Eowe. The importance of this bed

is that it is known to be just 21 feet below the base of the

Marsupites zone.

Dr. Eowe does not give any particulars or measurement of the

zone as seen in the cliffs between Dover and Kingsdown, except

saying that these two flint bands can be traced all along the upper

part of the cliff, and that the higher one (the 3 inch band) rises

to the top of the cliff at St. Margarets Bay. Appended to the

paper, however, is a section drawn to scale by Mr. C. D. Sherborn,

and the thickness shown in this between the lines drawn for the

base of the zone and the " 3-inch band " is about 230 feet. Adding
21 feet to this, we have a thickness of about 250 feet for that of the

* Geol. ilag., Dec. 2, Vol. i. p. 19 (1874).

t Mem. Geol. Survey, Vol. iv. p. 31 (1872).
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whole zone. We believe this to be correct, and that there was
some little error in Hebert's measurements near the base of the
zone.

The succession may probably be summarised as follows :

—

Feet.
Soft chalk with flints - - 21
Three-inch tabular band of flint

Soft chalk with flints - - - 30
Strong tabular flint (Columnar Bed)
Soft cnalk with layers of flints - 100
Soft chalk with layers of flints and many fragments of
Inoceramus shell - - - - 60

Soft chalk with scattered flints - - 20
Strong layer of tabular flint - - -
Soft white chalk with scattered flints - - - - 15

246

Near Kingsdown the cliff passes into a grass-covered slope, and
the chalk is concealed from view. There are, however, several

pits a little way inland, and one S.W. of the Deal Waterworks
is worth notice because we have definite information for which
we are indebted to Dr. Rowe who visited it in 1901. He writes,
" The chalk is massive, with regular layers of black compact
flints ; we found Micraster coranguinwm and the var. latior,

Echinoconus conicus, Gidaris sceptrifera C. perornata, G. clavi-

gera, the large dome-shaped EcKinocorys, and Actinocaviax
verus, but no trace of Uintacrimis. I have no hesitation there-

fore in referring this chalk to the zone of M. coranguinuTn."

Pegwell Bay coincides with a syncline occupied by Eocene

Beds, but the Chalk rises again on the north side of the bay,

and is exposed in the fine cliffs which border the eastern part of

the Isle of Thanet.

In Thanet the beds are bent into a broad and flattish anticline, as

sliown in Fig. 46, consisting of the upper part of the M. coranguinum
zone (Ramsgate and Broadstairs chalk), overlain by the Marsupites

zone (Margate chalk). Mr. Whitaker has observed that although

the chalk of the M. coranguinum zone occupies a large part of the

cliff-section, it cannot take up much of the surface area inland,

for the base of the Margate chalk is nowhere far above the summit

level of the cliffs, and the land generally rises inland from the

cliff-edge ; consequently the flinty chalk will only crop out along

the bottoms of some of the valleys (see Mem. Geol. Survey, Vol. IV.,

p. 35).

The following brief account of the cliff section is based upon the

descriptions given by Mr. Bedwell, Professor Barrois, and Dr.

Rowe.
The zone of M. coranguinum, with here and there a capping

of the "Margate Chalk," forms the cliffs all the way from

Ramsgate to Kingsgate. The "three-inch layer" of flint is

brought up into the cliff south of Ramsgate by a fault (see Fig. 46).

A little further on it runs out to the top of the cliff, but comes

6821 K
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in again below Ramsgate, and can thence be traced all the way
to Whiteness, though broken here and there by faults. Mr.
Whitaker describea it as not " strictly a tabular layer, but rather

a continuoiis bed of nodular fliat, as its surfaces are very uneven.''

According to Mr. Bedwell's measurement, the " three-inch

layer " is 21 feet below the yellow nodular bed at the base of the

Margate chalk, and 31 feet lower is the thick bed of flint which
he named the " columnar band "

; while near Eamsgate a further

depth of 43 feet of chalk comes in ; so that, adding these figures

together, we have a thickness of 95 feet of the zone exposed in

these cliffs. Dr. Rowe's measurements confirm this estimate,

for he says that the three-inch bed is 75 feet from the base of the

cliff at Ramsgate, and, adding 21 feet to this, we have a total of

96 feet.

Mr. Bedwell states that the three-inch bed is well known to the

local well-sinkers, who say that it occurs throughout the island,

and has been proved as far west as Westgate. It must not be

assumed, however, that this is the only layer of continuous flint in

the higher part of the zone ; several others are visible in the cliff",

and layers of flint nodules occur with striking regularity,

many of them forming floors of closely-packed nodules.

The junction of the flinty chalk of the M. coranguinum zone

with the almost flintless Marsupites zone is best seen at

Kingsgate, where the following succession was measured by

Professor Barrois ;—
Ft. in.

White chalk without flints.

Hard yellow nodular bed.

Chalk without flints - - 3 4
Layer of large black flints 2

Chalk with a few flints - - - 6 8

f Layer of flints

? Chalk ... ... 34
Layer of black flints, without white crust

Chalk with a few scattered flints - - 3 4

Layer of flints

Chalk, slightly yellowish, with many fossils - 5
" Three inch band," a thick bed of tabular flint .0 2

3. Margate Chalk, or zone of Marsupites.

The special mineralogical'characters of this division of the Chalk

have been well described by Mr. Whitaker as follows* :—" The

higher division, or, as it may fitly be called, the Margate Chalk,

contains but a very few nodular flints, so that the bedding is not

well shown ; and [there are] sometimes thin layers of flint filling

the narrow vertical openings of the even joints. These joints,

which are very marked and constant in a direction about north-

•Quart. Journ. Geol. Soc, Vol. xxi. p. 396, 1865.

6821 ^ ^
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west and south-east, are the cause of the peculiar form of the cliffs

in many places near Margate, especially to the west, where there

are parallel-sided inlets worn back from the shore, sometimes for

some depth into the cliff, and here and there detached masses.

" This division forms the whole of the cliff from the north-

western ooriier of the island to White Ness on the north-east.

Between the latter place and Foreness, a distance of about three-

quarters of a mile, the face of the cliff is more or less along the

joint-lines, [which are] here not quite vertical.

" At White Ness there is a yellowish nodular bed at the bottom

of the cUff, which must be at or near the bottom of the Margate

Chalk, although there is no marked division between this and the

chalk below.''

This yellow nodular bed has been taken by subsequent writers

as the base of the Marsupites zone. Mr. Bedwell states that for 52

feet above it the chalk has no regular lines of flint nodules, only

occasional flints here and there. At a certain height, which he

estimates as 52 feet, above this base line there is a layer of flints,

and he mentions two others in the chalk above, each at a

distance of 10 feet from the one below it.

Dr. A. W. Eowe has recently made an elaborate study of the

Margate Chalk, and what follows is based on the account which

he has published. To the layer of yellowish nodular chalk at the

base of the zone he gives the name of " Barrois' sponge-bed," and

the layer of flints indicated by Mr. Bedwell he calls the " Bedwell

line," because he finds it to be an horizon of stratigraphical im-

portance.

One of the most notable features of this chalk is the frequent

occurrence of large specimens of Am. [Haploceras] leptophyllus, and
Mr. Bedwell, who paid special attention to them, found no fewer

than eighty-nine in situ between Kingsgate and Birchington.

The majority of these lay in a band of chalk about 20 feet thick,

commencing about 5 feet below his lowest flint layer, which he
termed " the guiding line of flints.'* According to Dr. Rowe,
this line of flints is 68 feet above the base (not 52 feet, as stated

by Mr. Bedwell), and he informs me that it is really the only horizon

at which flints occur in line, and that even here the flints ax e often

at a considerable distance apart.

The importance of this " Bedwell line " is that not only Am.
\
Hapl.] leptophyllus, but also Uintacrinus and Actinocamax vents,

do not range alsove it. The " Bedwell line " of flints first comes
in at the top of White Ness, which is 68 feet high ; thence it

gradually sinks westward to the shore-line at the sewer outfall near
Foreness Point, where the height of the cliffs is 48 feet. Adding
this to the 68 feet below the Bedwell line at White Ness, Dr.
Rowe gets the amount of 116 feet for the exposed thickness of
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the zone, and he has obtained Marsupites-TplaXes from the top of

Foreneaa cliff.

From Foreness the " Bedwell line " rises again, till below Hodge's
Flagstaff, on Margate Parade, it is 30 feet up in the cliff, and at

Fort Point it is 40 feet up. In the cliffs west of Margate it is again

seen, at first low down, but gradually rising till, before coming to

St. Mildred's Bay, it reaches the top of the cliff. In the headland

between that bay and Westgate Bay it is about 30 feet from the

cliff-foot, and thence it gradually sinks till, at the west side of

Gore-End Bay, it is only 15 feet up, the cliffs there being only

about 25 feet high.

Dr. Rowe remarks that, as the flints are few, it is not always

easy to follow the " Bedwell line, " and in some places it is quite

as easy to follow the line of the Ammonites themselves, as in this

part of the coast they extend nearly up to the flint-line. In follow-

ing the " Bedwell line " a valuable aid will be found in a yellow

sponge-bed, which occurs with considerable constancy 2 or 3 feet

below it, and can be traced throughout the section.

As to the distribution of the fossils, Marsupites and Actinocamax
Merceyi (=A granulatus) occur chiefly in the upper beds,but

both have been found as low as 30 feet below the " Bedwell Une.'^

The pyramidal form of EchiTiocorys scutatus is abundant through-

out, but especially just below the " Bedwell Une." Galerites

albogalerus is abundant at and near the base of the zone, and is

a rare fossil above the " Bedwell Kne.'' Dr. Eowe gives the

following scheme of the zone and its principal characteristic

ontological features :

—

1

•s I

g
o

/ Marsupites
Band,

48 feet exposed.

The Bedwell Line

1

Marsupites testvdinarius.

Actinocamax Merceyi {=granulatus)
Echinocarys vulgaris {var. pyramidatus)
Bourgueticrinus sp. nov.

Terebratulina Eowei.

Uintaerinus
Band,

thickness 68 feet.

Barrois, Sponge-bed

Band of Echinocarys pyramidatus.
Uintaerinus.
Actinocamax verus.

Ammonites leptophyllus.

Bourgtieticrinus sp. nov.

Terebratulina Rowei.
IBand of Echinoconus conicus.

vvvvvvvvvvvv

Terebratulina Rowei is a new species described by Dr. Kitchin,

and is said by Dr. Rowe to be characteristic of the zone, occurring

all through it, and being very rare in any other. Uintaerinus is

another characteristic fossil, (see p. 20).

The inland extension of the Marawpites zone has not yet been

traced, but Dr. Rowe informs rae that it occurs above the cliffs
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N.E. of Dover. In a field S.S.W. of St. Nicholas Church at

Ringwold, and on the contour line of 200 feet, he found a small

exposure which yielded many plates of Uintacrinus and nipple-

shaped heads of Bourgueticrinus.

The occurance of the " Margate, Chalk," with very few flints,

in the cuttings on the London, Chatham and Dover hne, between

Sibertswold and Bekesbourn, was noted many years ago by

Mr. Whitaker; who records a plate of Marswpites as foimd in

one of them.*

List of Fossils from the Upper Chalk of the Kentish Coast,

The following list is based on that recently published by Dr.

A . W. Rowe in the paper to which reference has been made. Occur-

rences recorded by him are indicated by a cross ( X ) ; those noted

by others are indicated by letters, and the explanation of the letters

is as follows :—B=Barrois in his " Recherches sur le Terr. Cret.

de I'Angleterre" (1876); D=Dowker, in Geological Magazine,

Vol. vii. p. 472 (1870) ; H=W. Hill in Quart. Journ. Geol. Soc,

Vol. xlii. p. 240 (1886).,
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Reptilia.

Leiodon sp.

Polyptychodon sp.

Pisces.

Anomoeodus angustxis, Ag.
Belonostonms cinctus ^ Ag. - -

Beryx C? genus)
_

-
_

-
_

-

Cimolichthys lewesieilsis, Leidy

Corax affiais, Ag. . . -

„ falcatus, Ag. - - - -

„ pristodontus, Ag. - -

EnciiodTis lewesiensis, Mant.
Lamna appendiculata, Ag.
Macropoma Mantelli, Ag.
Notidanus microdon, Ag.
Oxyrhina Mantelli, Ag. -

Portheus sp. - -

Protosphyrsena ferox, Leidy

Ptychodus mammillaris, Ag. •

„ polygyrus, Ag.
Scapanorhynchus subtdatus, Ag.

Cephalopoda.

Am. [Haploceras] leptophyllus, Sharps

„ ' „ ] obscTirus 1 Schluter

„ [Placenticeras] obtectus, Sharpe

,,
[Pachydiscus] peramplus, Mant.

„ [Acanthoceras] cf. Mantelli, Sow.
Baculites bohemicus, Fritsch

H

H
X
H
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
B

* See Mem. Geol. Survey, vol. iv., p. 29 (18V2).
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CHAPTEE XII.

THE UPPER CHALK IN THE WESTERN PART OP KENT.

General Remarks.

The Chalk of Kent has not yet been re-examined by any member
of the Geological Survey, and though Mr. Hill has traced the

lower zones along the escarpment the only district where he has
had an opportunity of examining the higher zones is that of

Rochester and Chatham.
The bed which we have taken as the base of the zone of Holaster

planus, and therefore of the Upper Chalk, is one in which flints

are thickly but irregularly scattered. Below it flints are scarce

and above it they are frequent; moreover, Echinocorys scutatus

never occurs below this bed, but comes in very soon above it. It

may not continue to be exactly on the horizon of the bed which
we have taken as the base near Dover, and it is usually thinner,

but it seems to represent that bed and also to be fairly persistent.

Above it the chalk consists for the most part of hard compact
and semi-crystalline lumps embedded in a softer mealy kind of

chalk ; in weathered faces these hard lumps are conspicuous

as knobby projections, and at irregular intervals there are beds

of cream-coloured nodules or lumps of indurated chalk, and
occasionally courses of hard compact limestone, much resembling

the Chalk Rock of Midland counties.

As in the coast section, the division into zones of Holaster planvs

and Micr. cortestvdinarvwm is more imaginary than real, and in

most places the one zone seems to pass into the other. Between
them, however, they include all the rough lumpy chalk, and

. near Chatham they seem to have a clearly marked upper limit

in a bed of compact limestone, which serves, at any rate locally,

to divide the zone of M. cortestudmarium from that of M. coran-

guinum. Fortunately the chalk quarries at Chatham have been

well searched by Mr. W. Gamble, and from him we have been

able to obtain a collection of fossils which must fairly represent

the fauna of the M. cortestudvnarvum zone.

The chalk of these two zones of Holaster planvs and Micraster

cortestvdinariwm, has a thickness of over 100 feet.

With respect to the zones which are present in the westei'n

part of Kent no very certain evidence has hitherto been forth-

coming. The larger number of the pits appear to be opened in

the zone of Micraster coranguirmm, and no plates of Marsvpites
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have yet been recorded from this part of the county. On the

other hand, two Belemnites occur at Gravesend and CHffe,

namely, Actinocamax granulatus and Act. verus, both of which
are common in the Marsv/pites Chalk of Margate.* It is possible,

therefore, that the zone of Marsupites is represented at these

places, but Dr. Rowe is of opinion that the Chalk of Gravesend

belongs to the zone of M. coranguirmm.

As to the thickness of Upper Chalk in West Kent there is no

certain knowledge, but the total thickness of the Chalk has been

determined by several borings, and from the records of them some

idea of the thicknesses of the three divisions can be obtained.

Two borings at Chatham Dockyard give a total thickness of 682

to 689 feet for the Chalk,f and this is believed to include the full

local thickness. The following details are recorded of the Chalk

in one of these borings :—

^^. fSoft chalk, with a layer of flints at bottom

; n,^ J Block chalk, with many layers of flints -

j^g I

Hard rocky material, called " white flint " -

I Chalk with many layers of flints - - -

^ .
[ Hard chalk (no particulars given), this probably

^ "^ g id J includes the zones of Terebratulina and

a i I .^
I

Rhynch. Cuvieri ...
^ '^<^

I Chalk and Chalk Marl - ...
689

This gives a thickness of 265 feet for the Upper Chalk near

Chatham, but more chalk probably comes in to the north of

that place.

A boring at Crossness was made in 1877, and in the original

account the thickness of Chalk is given as 631, with 65 feet of

" Upper Greenaand " below, but, as Mr. Whitaker remarks,!
" probably the greater part belongs to the Chalk Marl "

; consider-

ing indeed the proved thickness of the Chalk at Chatham and the

nature of the beds at the outcrop near Otford, it is probable that

all but 5 or 6 feet belongs to the Chalk Marl, hence we may con-

clude that the total thickness of the Chalk at Erith is about 690

feet. No particulars respecting the successive beds of chalk

traversed by this boring have been preserved, but in another

boring made in 1875, at Belvidere, in Erith Marshes, and recorded

by Mr. Whitaker (op. cit. p. 60), over 300 feet of chalk were pene-

* Belemnitella mucronata has been quoted as occurring in the chalk of

Gravesend and Northfleet^ but Mr. Newton informs me that this is a
mistake, the specimens bemg really Bel. lanceolata, which has a greater

range ttan Bel. mucronata.

t Published by Mr. W. Whitaker in a paper " On some borings in Kent,"
Quart. Journ. Geol. Soc., Vol. xlii., p. 28 (1886).

t Geology of London, Vol. ii. p. 67, Mem. Geol. Survey (1889). * _ ^

Ft.
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trated, and full particulars were supplied by Messrs. T. Doowra
and Son. In a condensed form tEese may be stated as follows :—

Ft. in.

Base of Eocene at 145^ feet.

Chalk with few flints - - - - 61 6
Chalk with many flints - - - - - - 56 9
Kock Chalk -- - ---16
Soft Chalk with many layers of flints - - - - 97
Chalk rock (i.e., hard calk) 16
Chalk with flints --17 9
Grey marl -- 13'
Chalk with flints - - ... 32 3
Alternating hard and soft beds, described as sandstone,

grey marls, marly chalks and bluish rock-beds - 45

314 6

The lowest 45 feet may be part of the zone of Micraster

cortestvdiTiarium; the overlying chalk with flints must represent

the zone of M. coranguvrmm (208 feet), and the uppermost
Gl^ feet is probably the same chalk as that which is exposed

at Cliffe and Gravesend.

In dealing with the stratigraphical details of the inland areas

it will be convenient to take the Upper Chalk in two divisions,

following first the beds below the M. coranguinum zone, and
then those of and above that zone.

Stratigraphical Details.

A. Zones of Holaster planus and Micraster

cortestudinariuin.

A good exposure of the basal beds of the Upper Chalk was
seen in a quarry 300 yards west of St. Lawrence Church, God-

mersham, the section being as follows :—
Ft. in.

Soil and rubble 2

'Firm white chalk, weathering near the surface

in thin platy pieces, containing three layers

of flints. Hoi. planus

A marked layer of large flints ...
Bather rough lumpy white chalk - . -

Bed of small scattered flints ...
Smooth firm chalk without flints - - -

Hard white chalk with many scattered flints,

at the base a marked bed of hard cream
coloured nodules, rusty coloured exteriorly,

Hoi. planus, Micraster sp., Ter. carnea

Rough lumpy white chalk with a few "flints

A layer of cream coloured nodules - - .

^Rough lumpy chalk with very few flints -

- A
<u

CO

e

c
oN

8
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I (A well marked marly layer - - - 6

^ ^ g I A course of massive smooth white firm chalk 2

^ •§ o
"l

A line of large flints - 1

^ ^Smooth firm white chalk with a few smallish

flmts - - . . seen for 6

Total 37 9

At the Warren Quarry, two-thirds of a mile N.N.W. of All

Saints Chtiroh, Boughton Court, the section was as follows :

—

Ft. in.
•

Soil .... . . 1 _
Rough lumpy creamy yellow coloured chalk
with scattered flints, T. carnea, Rhynchonella
sp. H. planus, Micraster sp. ...

Course of smoother white chalk
Layer of flints - -

Rough lumpy chalk, hard lumps in a matrix
of mealy chalk no flints

Marl band
Rough lumpy chalk with a few scattered flints -

Thin seam of marl - - -

Rough lumpy chalk with many flints especially

in the lower 3 feet - - - 5 6
'Massive bedded, firm white chalk with a few

scattered flints - - - - 9
A marl band - - 6
Massive firm white chalk with a few small

, scattered flints - - - seen for 16

a
o

14



WESTERN PART OF KENT. 159

I

e
O

d
o

16
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mentioned next, gives a section through the zones both of H. planus
and M. cortestvdinarivm. It is as follows :—

n

S

d
o

' White chalk of rather irregular texture, some-
what mealy to the touch, and the lumpy charac-
ter not so evident as is frequently the case

;

layers of flints alternate with courses of the
chalk, each course being from 1ft. 6in. to
2ft, 5in. Hoi. planus and Ter. semiglobosa

White chalk, texture irregular, lumpy -

Layer of flint

White chalk in two courses - - - ' -

A well marked layer of flints

White chalk as before in two courses no flints

A marly layer not well marked
A massive course of white chalk, no flints

Course of white chalk, separated from that
above by a thin weak layer of tabular flint

Layer of flints ...
White chalk of irregular texture, lumpy, contain-
ing a few scattered flints

Layer of flints

A course of rather rough lumpy chalk with a few
scattered flints ...

Eough lumpy chalk with many scattered flints,

inclined to a definite layer at top -

Rough lumpy chalk in two courses, with but

Ft.

16
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in 1896. The quarry was visited again in 1898, when the face w;is

seen to have been cut back considerably :—

Softish white chalk
Line of tabidar flint -

White softish chalk with scattered flints -

A well-marked bed of creamy yellow coloured
lumps in softer matrix, the lumps iron-stained

exteriorly - -

White chalk of irregular texture, hard and lumpy
in some places, softer in others, with laj^ers of

flints and a few scattered -

Ft.
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Exceedingly rough lumpy chalk, lumps well Ft. m.

defined, enclosed in soft mealy matrix; few-

scattered flints, AI. proecursor, Spondylus

S
"

° kN §

spmosus - - -

White chalk of rather irregular texture, lumpy,

with layers of flints - - - - -

Layei: of tabular flint - - .
-

Firm white chalk with layers of flints, scarcely

lumpy, Holaster placenta, Micraster proecursor

A discontinuous bed of hardish lumpy chalk,

much iron stained, Echinocorys scutatus

Layer of tabular flint

Vrirm white chalk with layers of flints

8

5
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On the southern side of Chatham Hill, near the hamlet of Luton,
are three quarries, all of which give good sections of what we regard
as the junction of the M. cortestudinarium and the M. coran-

guinwm zones. The following are particulars of the beds seen in

the middle quarry (disused in 1899), from which Mr. Gamble
has obtained many fossils :—

I
CO

:^

d
o

tS3

'Soft white chalk with flints, here inaccessible

Soft blocky chalk with a few scattered flints -

Layer of large flints

Firmer white chalk with a few scattered flints

Kough lumpy chalk, consisting of hard lumps in
a softer matrix -

C. Very hard compact yellowish limestone, rough
at top and perforated with tubular hollows,

no marked base- . - -

Nodular chalk, hard lumps in a softer matrix,
a layer of flints about 2 feet down

Rather soft white chalk with some flints -

Layer of large flints, greyish-black inside

Soft white chalk with layers of small flints

Rough white lumpy chalk
B. Bed of yellowish nodular chalk with softer

chalk between the nodules-
Soft white chalk with two marked layers of

flints - - - » -

A. Bed of hard yellowish nodtdes in a softer

matrix- - ...
Rough lumpy chalk
Bed of nodules (paler yellow) in soft matrix
Softer Mrtiite chalk with layers of flints

Ft.
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Professor Hughes has recorded a section in the cUff on the north-

east bank of the Medway in Limehouse Eeach, which evidently

includes one of these hard beds* ; not having seen this exposure

we cannot say which of the three, but should suppose it to be

the highest. The following is the figure and description given

by Professor Hughes :~

Ft.
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obtained some fossils, identified by Messrs. Newton and Kitchin as
follows, and three marked G were obtained by Mr. Gamble :—

Ptychodus rugosus, Eg.
Inoceramus (fragment).
(G) „ Brongniarti, Sow.
Terebratula semiglobosa, Smo.

„ sp. (? new).
Rhynchonella limbata, Schloth.

Onchotrochus serpentinus, Dime,

Bourgueticrinus ellipticus, Miller
Cidaris hirudo 1 Sorig.

„ clavigera, Konig
(G) „ sceptrifera, Mant.
Echinocorys scutatus, Leske
Micraster coranguimim, Leske.

(G) „ precursor, Bowe

Mr. G. E. Dibley records a specimen of Actinocamax granu-.

latus with Galerites albogalerus and other fossils from this quarry.

North-east of this and close to the cement works at Whitewall
Creek, there is the weathered face of an old quarry which seems to

show the highest beds of the M. coranguinum _zone. The chalk is

soft and white, with many layers of flints, and some scattered

nodules ; fossils occur in some abundance, and Mr. Hill in a short

time collected Micraster coranguirmm (high-zonal type), Galerites

(dbogalerus. Gal. globulus ? and many spines of Cidaris sceptrifera.

In the rubble at the top of the cliff face he found some lumps of

yellow chalk like those in the quarry mentioned below. Mr. Ehodes,

subsequently collecting here, added the following species : Echi-

nocorys scutatus, Inoceramus, Terebratula semiglobosa, and Serpula,

granulata.

In a quarry about a mile N.W. of Frindsbury Mr. Hill saw a

bed containing Itunps of indurated chalk with a yellowish

coating which impressed him as resembling the bed occurring at

the base of the Marswpites zone near Margate, a section which he
had just previously examined. Such yellow-coated lumps are not

known at any other horizon in the Upper Chalk of Kent, but

there is no reason why they should not occur at other horizons,

and it would not be safe to assume that the actual junction of

the two zones is exposed in this quarry merely from the occur-

rence of a similar nodule-bed.

The quarry is at the point where Stone House Lane enters the

main road,and the succession seen in it by Mr. Hill was as follows :

—

Feet.

Soil and broken chalk 4

Bather firm chalk of a yellowish tint with here and there a

large flint, and at the base many lumps or large nodules of

hard chalk with a yellowish crust - - - - 4\

Firm white chalk with Galerites globulus, Echinocorys

scutatus, etc. ... - 3

Softer white chalk with scattered flints - - 4

Soft white chalk with very few flints {Micraster coranguinum) ] 1

A marked layer of flints . - - f

Phalk with layers of flints - - - - seen for 6 to 8

About 34
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The upper part of tins zone is probably exposed in tbe railway

cutting at Higham, of which a sketch has been given by Mr.

Whitaker,f and is reproduced in Fig. 48.

w. E.

Fig. 48.—Section in the cutting at Higham Station.

1. Spoil heap from the railway tunnel.

2, 3, 4. Drift deposits and reconstructed Eocene.
5. Layer of flints forming base of the Thanet Sand.
6. Disintegrated and rubbly chalk.

7. Chalk with a few large mnts scattered through it.

The beds dip to the north-west at angles increasing from 2° to 6°.

North-east of Higham there is an inlying area of chalk which
extends to the village of Cliffe, and in this one would expect to

find traces of the zone of Marsupites. The quarries at Clifife have
been recently visited by Mr. G. E. Dibley, who describes the chalk

seen as soft and friable, with some layers of flints, and exposed

for about 70 feet. He did not find either Uintacrinus or Marswpites,

but says "the carinated form of Micraster coranguinum, also

Echinoconus conicus, Gyphosoma Kcenigi, Actmocamax verus, and
A. Merceyi(=granulatus) are common, and A. westfaliciishas been

obtained." *

Chalk which probably belongs to the same horizon has

been worked for many years by Gravesend, Northfleet and Green-

hithe, from 30 to 40 feet being quarried beneath the Thanet Sand.

Here also there are occasional layers of flints and a continuous seam

of flint. Mr. G. E. Dibley has published a note on the chalk in Messrs.

Fletcher and Co.'s quarry,J and states that both Actmocamax
verus and A. gramulatus are found there, but that no plates of

Marsupites have yet been discovered. The fossils mentioned by
Mr. Dibley are included in the list on p. 168.

* See Proc. Geol. Assoc. Vol. xvi., p. 488.

t Geology of London, Vol. i., p. 121, Mem. Geol. Survey (1889).

t Proc. Geol. Assoc., Vol. xv. p. 463 (1898), and Vol. xvi. p. 489,
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It is probably the same chalk on which the Eocene rests at

Erith and Crajrford, a layer of continuous flint occurring at both
places about 12 or 15 feet from the top of the chalk, see Whitaker
(Op. cit., p. 113),

We have no information respecting the exposures of Upper
Chalk between the valleys of the Medway and the Darent, but the

zone of Micraster coranguinum must occupy some breadth of

country to the south of the railway from Stroud to St. Mary Cray.

Mr. Whitaker* has described the chalk-pits at and near

Chiselhurst. One in the middle of Camden Park formerly showed
as much as 20 feet of chalk, and was worked by means of galleries

driven in beneath a bed of hard chalk which served as a roof-bed

;

and an old note by Dr. Mitchell states that the chalk was worked
down to another hard bed which formed a floor about 20 feet from
the top of the chalk. In another pit west of Chiselhurst church
Mr. Whitaker found the same hard beds, and he notes also that the

chalk has layers of very large flints, sometimes as much as 18 inches

thick, 'and one of these layers being close to the top. All this is

suggestive of the chalk here belonging to the zone of M. coran-

guinum.

S.E. Fault.

Bridge. N.W.

Scale, 80 feet to an inch.

Fig. 49.—Cutting near St. John's Railway Station, near Lewisham.

(W. Whitaker). (Scale, 80 feet to an inch.)

a = Soil. b,c — River Drift. d =- Thanet Sand. c — Chalk.

The zone M. corangumum is also exposed in a quarry about a

mile south of Keston, where Mr. Dibley has obtained that

species and its variety latior, with Epiastei- gihhus, Galerites

albogalerus, Cyphosoma corollare, Cidaris sceptrifera and other

fossils.

At Lewisham (Loam Pit Hill) the chalk was formerly worked to

a depth of 40 feet, and Mr. Whitaker remarks that there were eight

layers of flints, the third from the top being a continuous seam

(Op. cit., p. 154). The cutting on the North Kent line just north

of St. John's Station passes through a faulted junction of the

Chalk with the Thanet Beds (see Fig. 49), and Mr. Whitaker (o^s.

cit., p. 114) notes that the chalk has flints in layers, three of which

are well marked. ^
* Geology of London, Mem. Geol. Survey, 1889, p. 115.
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List of Fossils prom the Upper Chalk of West Kent,

This list has been drawn up from the following sources :
—

First, the collections of the Geological Survey at Jermyn
Street, and small collections made by 'Mx. Ehodes for the Survey
at Strood and Frindsbury. These are indicated by figures.

Second, the lists of fossils from Lewisham and Charlton given
by Mr. H. J. Johnston-Lavis in his paper on the " Geology of

L3wisham," Proc. Geol. Assoc, Vol. iv. p. 528 (1876). These are

indicated by the letter L.

Third, the lists published by Mr. G. E. Dibley, of Syden-
ham, including species collected by him from many localities

in the west of Kent (see Proc. Geol. Assoc. Vol. xvi. p. 484.)

These species, where their occurrence was not previously known
to the Survey, are indicated by the letter D.
A few species added from records in the volimies of the Palseonto-

graphical Society are indicated by the letter P.

Bryozoa, Osti'acoda, and Foraminifera are not included in this

\hb, but those which have been recorded from the Upper Chalk of

Kent will be found in the general list at the end of the volume.
The list from the M. cortestudinarimn zone at Chatham is that of

a collection made by Mr. Gamble, of New Brompton, and purchased
from him by the Geological Siu-vey. A few of the fossils in this

series may possibly have come from the base of the M. coranguinum
zone, but only a little of that zone is accessible in one of the two pits

from which he obtained them (see p. 162).
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Zooe of VI.

cortestudi-
narium.

|3

Zone of M.
coraDguiiium.

Highest
Beds.

Faraamilia centralis, Xant.
„ cylindrica, E. A H. -

„ granulata, Dune.
„ monilis, i)unc.

„ serpentina, E. &H.-
Splnopora Sixoni, toned. -

. Spongida.
Aulaxinia costata, Hinde
Callop^ma flcoldeun), Hinde
Cephalites Benettlee, Mant,
Cllona cretac^ PortU . - . -

Ooacinopora infmidibulitormiB, Goldf.

„ qplnQpnciaiis, T. Sinith -

Doryderma ramoeum, Mant.
„ IUBmeri?£rind«

Elasmostoma scltnlnm, Hinde
Ouettardia stellata, ifisft. -

Heterostinia obllqua, Benett
Facbinion scrl^tmn, Hinde
Pharetrospongia Strahani, Sollas
Fholadocladia ramusa, Hinde -

Flinthosella compacta ? Hinde
„ squamosa, Zittel

Flocoscypbia convolnta, T. Smith
Foiosphsera globularis, Phil.

„ pileolns, Xom.
Siphonia Ecenigi, Mant. -

Steletta inclosa, Hinde
Sticbophyma tumidum, Hinde -

„ ap.

Thamnospongia sp. -. -

\ entriculites angustatus ? Soemer
„ alcyonoides, Mant.
„ decurrens, T. Umith
„ impressns, T. Smith -

„ infundibulitormis, 5. Woiidw.

„ mammillaris, T. Smith
„ radiatns, Mant. -

„ (several species)

4
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CHAPTER Xm.

THE UPPER CHALK IN SURREY.

General Remarks.

No systematic exploration of the Upper Chalk of Surrey has yel

baan made, notwithstanding its proximity to the Metropolis and
the frequency of exposures in quarries and railway cuttings.

Mr. Caleb Evans made an excellent reconnaissance in 1870
along the line of railway then being made between Croydon and
Oxted, dividing the Chalk into zones and giving a list of the fossils

he had found in each.* He discussed the species of Micraster

and revised his divisions in a later paper.f

More recently Mr. G. E. Dibley has published some notes on
Suarries along the same line of country, with lists of the
ossils found.{

A large portion of the Upper Chalk seems to have been eroded

and destroyed throughout Surrey before the deposition of the

lowest Eocenes. If it were not so, the thicl^ness of chalk below

the Surrey Eocenes would be much greater than it is ; thus if we
refer to the record of the deep boring at Streatham§ we find that,

including the beds which are regarded as forming a passage from

the Middle to the Upper Chalk, there are only 221 J feet assignable

to the Upper Chalk (i.e., zones of Hoi. planus, M. cortestudinarium

,

and M. coranguinum). As the corresponding beds near Dover

are about 360 feet thick, and about 300 feet at Gi-avesend,

it is not likely that any of the Margate chalk is present ; moreover

it is stated that below the highest 19 feet the chalk under Streatham

has beds of flints " every 2 or 3 feet," such a frequency of flint

layers agreeing with the character of the M. coranguinum zone

rather than that of Marsupites.

Fm-ther to the north-west, however, the thickness of Upper

Chalk below the Eocenes is greater, 300 feet at Richmond, and 337

feet at Winkfield, near Windsor, so that it is possible that the zone

of Marsupites does come in below these places. It may also begin

* " Sections of Chalk between Croydon and Oxtead." Geol. Assoc..

(Published in Lewes, 1870).

t Free. Geol. Assoc, Vol. v. No. 4, p. 149 (1877).

j Proc. Geol. Assoc, Vol. xvi. p. 484.

§ Geology of London, Vol. ii. p. 224, Mem. Geol. Survey (1889).
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to emerge from beneath the Eocene boundary in the south-east of

Surrey.

Stratigkaphical Details.

Zone of Holaster planus.

Several of the largest quarries in the Chalk of Surrey expose

sections which extend from the T&rehratulina zone through

that of Holaster planus. The first of these, as we proceed from

east to west, is the well-known quarry near the Eose and Crown
Inn, four miles south of Croydon ; the section taken here by

Mr. Hill in 1896 was as follows :

—

SoU

o
N3

Ft.
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The cutting between the Merstham tunnel and Coulsdon
station on the London, Brighton & South Coast Railway appears
to traverse the zone of Hoi. planus, for Mr. W. M. Holmes
records H. planus, Micraster Leslcei and Terebratula carnea from
the heaps of chalk thrown out of this cutting. With them were
many hollow flints containing a mealy substance from which he
obtained a large number of Radiolaria in better preservation

than any previously recorded from the Chalk of this country.

He has described and figured 41 species belonging to 20 genera.*

One of the most interesting sections of the chalk at this horizon

occurs in the cuttings of the railway from Croydon to Epsom, just

north and south of Chipstead Station. The' continuity of the

section is brojsen by a roadway and by excavations at the station,

but probably only a small thickness of chalk is thus missed.

The cutting just north of the station gates, as seen by Mr.

Hill in the autumn of 1899, gave the following section :

—

Ft. in.

Soil and rubble - . . l . . -

g- r Broken chalk {Echinocorys scutatus)

.1 Firm rough chalk veined with grey - -

,

§ Eough lumpy chalk rather lineven in texture,

S hard lumps in a softer matrix stalined brown
"1 in places, some flints, ^chirwcorys scutatus,

g Micraster cortestudinariiim!''J ' - - -

g ( Softer firm white chalk with flints

"_ Hard rough luinpy chalk, the upper surface

;^ fairly well marked, upper piart creamy white
4-1 with rusty stains, but passing down into softer

„ and whiter chalk, ificraster/- - " • - 2 6
Softer chalk, white, but texture uneven; harder

- in some places tHan in others ; flints - - - 6

a
o

3
3
4

6

23

An excavation in the. station at a lower horizon than the above

showed softish white chalk with flints, containing JMicraster

prcecursor and M. cortestudinarium.

At the top of the cutting, just south of Chipstead Station, was

white softish chalk, probably the continuation of that seen in the

station. The dip of the beds in this cutting is very slight, and it is

necessary to walk half a mile along the line south of the station

to obtain the following sequence :

—

('Soil and rubble - .
...

Soft white chalk with flints, Echinocori/s scutatus,

Micraster sp., Terebratula semigtobosa

Chalk consisting of hard lumps in a softer matrix

Hard rough lumpy chalk, neither top nor bottom
well defined, but passing into the chalk a.bove

and below - -

A rather massive bed of rough lu^lpy chalk.

Micraster sp. - - ";,•""".,".

s

:§

It.
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A well defined bed of hard rough nodular rock, Ft. in.

the nodules at the top sometimes green coated

;

many fossils (see below) - 2

Hard chalk, smoother than the above, veined
with greenish grey ; some fossils - 5 6

Smooth white soft chalk in two courses, Micraster
proBCwrsor, Holaster planus, Gyphosoma radia-
tum and Cardiastfir sp, - . . . . . 30

>,Massive white chalk with a few large black flints

seen for 3 {)

32 10

In the soft white chalk at the base of this section were three well

marked layers of tabular flint, and in one place a foiirth layer was

visible. These layers were about a foot to 15 inches apart, but to

the northward approached gradually to each other. At the same

time the bed of hard veiny chalk immediately above the soft white

decreased rapidly in thickness from 5| feet to 3| feet.

This veiny chalk -^ and the rough nodular rock above yielded

the following species. Micraster prcecursor, M. cortestudinarium,

Echinocorys gibbus, Inoceramus Cuvieri, Spondylus spiTWSiLS,

Terebratula semiglobosa, and BhyncJionella sp.

The facies of the assemblage of Micrasters from the upper

beds of this, section is that of the highest part of the zone of H.
planus at Dover, while the occurrence of this species associated

with Micrasters; in the soft white chalk below supports this view.

But the sudden change from hard rocky chalk to the soft white

chalk at the base of the cutting is very striking, and strongly

reminds one of the (H-dinary succession at the horizon of the Chalk
Rock in Hertfordshire or Cambridgeshire. Micrasters are more
abundant in this cutting than in any other locality, along the

North Downs.

The following notes are also by Mr. HUl :

—

The Echo quarry, about a mile to the south-east of Guildford,

presents another good section at this horizon. It is an old quarry,

long since disused, but there yet remains a perpendicular face at

least 100 feet high, which, though inaccessible, gives a view of the

Succession of ohalk through the zone of Holaster planus to the

Upper Chalk. From the view obtained here it would seem that

the " chalk with flints "comes in as described with the zone of

Holaster planus, and at what we should take as about the summit

of this zone there appears a space of some 30 feet (estimated, for

this part is not accessible), in which there are few if any flints,

and above this layers of flint are seen to set in again regularly.

It is possible to examine some 50 feet of the face on the western

side of the quarry, and taken generally, the. section there agrees

with that at the Rose and Crown qual^ry.
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Another section occurs about 5 miles West of Guildford, at

Monkshatch. This must have been once a large quarry ; it is now-

converted into pleasure grounds, surrounding the residence of

— Hitchens, Esq. The section taken in 1896 was as follows :

—

o

a
o

5u

/Soil and rubble - - - - - -

White chalk of irregular texture, hard lumps in

softer matrix, arranged in discontinuous beds

with layers of softer chalk between, flints in

layers and also scattered. H. planus (quite at

the top), Micraster Leskei, M. prmcwrsw
Firm white chalk - - -

Irregular bed of flints . " ; "

Massive bed of firm white chalk in two courses -

Layer of flints ... . .

Massively bedded firm white chalk in two courses

separated by a thin marl seam. Hoi. Planus
Layer of flints - -

Course of firm white chalk . - . .

Layer of flints - - . . . .

White chalk of irregular texture, with scattered

flints, most numerous in the lower part -

)A well marked layer of large scattered flints -

Firm white chalk ...
Course of hard crystalline lumps, iron stained,

the whole course very firm and hard
White soft chalk - . - . . .

Another course of very hard nodular or lumpy
chalk - . - . - .

The section is broken here by a talus heap,

and there is a small fault, but the gap cannot
be great.

Soft white chalk ------
Layer of marl - - - - -

Softish white chalk, in which there are three

layers of flint and a few scattered nodules

Ft. in.

3

22
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cortestvdiTMrium is that close to Coulsdon Station.

taken in 1896 was as follows :

—

Soil, etc. ------ --
"S . r Soft- white chalk with layers of flints at intervals

» c I" I of 4 or 5 feet

§ -J I 1 Soft white chalk without flints - - -

'^^ « [Layer of flints - -

("Very firm, scarcely hard chalk, veined with green

^ g grey, with layers of flint and many scattered
".s d Softer chalk with but few flints. Micraster.

A course of hard creamy nodules in soft mealy
matrix, nodules are sometimes iron stained,

scattered flints. This course is called " Bull
rough " by the quarrymen. Micraster sp

Softer white chalk. Micraster sp.

A line of large flints -

-Soft white chalk - - - seen for

.s -*^ (^

1=1 fc

IS "

The section
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In describing the cuttings near Piu-Iey, Mr. Evans meiitions

that cutting No. 4 is through the northern slope of Eiddlesdown,

andin the appendix he gives the following section at.the northern

entrance of the tunnel :

—

Ft. in.

Chalk an<i flints (obscure).'

Two layers of flints with chalk between - - - ? 1

Chalk in two beds ... - - 3 8

Band of llirge flint nodules.

Chalk - 2 6

Flint nodules and chalk ----- 10
Chalk with Micranter and occasional flints - 1 2

Irregular flint nodules.

Chalk in several beds, with two layers of flints - - 7 or 8

In this cutting the beds dip to the north, in the next cutting (No.

3) they have a slight but perceptible dip to the south, which can be

traced by a band of large flints, probably the same band as that

noted in the section above given. The same beds seem to occirr in

the cutting to the north (No. 2), where they recover their northerly

dip, for he says :—" The most interesting deposits in this cutting

are two beds of chalk, separated by a band of flint nodules, and

having a band of large flint nodules above. These two beds con-

tain many specimens of Micraster coranguinum together with

other fossils," and he afterwards speaks of this as the " Micraster

band."

In cutting No. 1, by the road from Purley to Sanderstead,

higher beds come in, dipping gently to the north, and from the

details given by Mr. Evans the following seems to have been the

succession :^
Ft. in.

Chalk and rubble -about 2

Chalk with two layers of flints „' 50
Layer of tabidar flint.

Chalk with two layers of flint -----„ 70
Band of marl - --.. . 03
Chalk with layer of flints below - - - - „ 14
Chalk and flints (sloped and smoothed) - - „ 7 6

About 23

In his later paper (p. 151) he remarks that " the Purley sections

are more than 100 feet below the junction of the two formations,"

i.e., Chalk and Eocene ; and to this highest part of the Chalk he
gives the name of the " Croydon Beds." He further observes that

Echinoconus conicus (Galerites albogalerus) is very common in

this highest chalk, occurring in that position at Lewisham,
Chiselhurst, Keston, and Croydon.

A quarry opposite the Royal Oak at Haling, in the parish of

Croydon,* is notable as being that in which a large boulder of

*Mr. Whitaker informs me that this pit has been erroneously stated to
be at Purley. There is another large pit at Purley Station.
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graiiite was found in 1857. This boulder was described by Mr.
Godwin-Austen,* from whose account it appears to have been a
large, rounded, water-worn, and " boldly egg-shaped " mass
of granitic rock; the width of one end seems to have
been about 12 inches, but its length is unknown,
as it was broken up before measurements were taken.
With this large boulder there were also a number of smaller
blocks of some kind of greenstone, described as consisting of
" augite with tabular double crystals of felspar ; the largest
of these, from the portions which remain, must have been of con-
siderable size, weighing as much as 20 or 25 pounds, but in common
with all the other specimens of the same rock it was much decom-
posed, .... the smaller pebbles were wholly decomposed
and readily fell to piecies, forming a sharp sand." There was also
a compact mass of sand, examination of which showed it to be " a
fine water-worn beach-sand, derived from the waste of a coast-line
of some crystalline rocks."

Mr. W. Hill visited this quarry in 1897, and furnishes the
following notes of the chalk therein exposed. About 80 feet of rather
firm white chalk are seen here ; the flints are not exactly in layers,

but in courses of scattered nodules, and many small flints are scat-
tered through the intervening chalk. There is a seam of contin-
uous flint near the top, two somewhat feeble seams lower down,
and a fourth near the bottom, in the south-west corner of the
quarry. Characteristic specimens of Micraster coranguinum
were found in the face of chalk associated with Echinocorys scu-

tatus. At the kilns at the south-west corner the following beds
are seen :

—

Soil and rubbish ------..-
Firm whitish chalk - . - ....
Cream-coloured chalk broken into irregular fragments
Softer white blocky chalk
Hard yellowish compact chalk with well-marked upper

surface - - - --
Firm blocky white chalk with flints - - -

Mr. E. T. Newton subsequently found in the chalk which
forms the floor of this pit a Micraster prcecursor of a type

like those in the M. cortestudinarium zone.

Mr. Hill thinks the hard yellow chalk may mark the top of the

M. cortestudinarium zone, as it resembles the bed exposed in the

railway cutting a quarter of a mile north of Chipstead Station.

Zone of Marsupites.

In the eastern part of Surrey this zone is either concealed

beneath the Eocene, or more probably was removed from the

* See Quart, Jpum. Geol. Soc , Vol. xiv. p. 252 (1858).

15821 M 2

Ft.
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Buminit of a low anticlinal flexure formed and eroded before tho

deposition of the Tertiaries.

In the western part of the county, however, it is probable that

the zone of Marsupites comes in again from beneath the Eocene

boundary, for, as we shall presently see, it is unquestionably present

in the north of Hampshire. Dr. Barrois thought he recognised

it near Guildford in 1876, and refers to it as follows* :—"The
north side of the Hogs Back .... consists of a soft chalk

with few flints, but with some tabular flint ; these are the minera-

logical characters of the zone of Marsupites ; moreover, it contains

Off'aster corcvlmn, Echinoconus conicus, and Micraster coran-

guinum .... Below this zone the chalk contains much
more frequent layers of flint nodules, and this belongs to the zone

of Micraster coranguirvwm."

Fossils from the Upper Chalk of Surrey.

The following is a list of such fossils as have hitherto been

obtained from the Upper Chalk of Surrey. In the first column

are entered those recorded (1) by Mr. C. Evans from his Lower
Kenley Beds, (2) those found by Mr. Hill. In the second column are

fossils from the Upper Kenley and Eiddlesdown Beds of Mr. Evans

(a), those found by Mr. Hill and Mr. Dibley (b), and those obtained

from a new railway cutting near Coulsdon by Mr. W. M. Holmes,

of Croydon (c). The third column includes (4) species recorded

by Mr. Evans and Mr. Holmes from the Purley Beds, (5) fossils

found by Mr. G. E. Dibley at Haling and South Croydon, (6) a few

obtained by Mr. Holmes from a pit near Warlingham Court.

Our thanks are due to Mr. Dibley and Mr. Holmes for putting

their lists at our disposal :—
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Zone of

Hol.planus.

Zone of

M.cortestu-

dinarium.

Zone of

M.corangui-
num.

Mollusca.

Pleurotomaria perspectiva, Mant. -

Inoceramus Cuvieri, Sow,

„ involutus, Sow.

„ undnlatus, Mant.
„ sp. (like striatus)

Lima Hoperi, iSW. ...
Ostrea normaniana, d'Orb.

„ semiplana, Sow.

„ vesicTilaris, Lam.
Pecten concentricus, Woodw.

„ cret03vi3, Befr. ( = nitidus,

Mant.) - - - - -

„ britannicus, Woods

„ (Neithea)qmnquecostatiis,/S'oM»,

Spondylus latus, Sow . - •

„ spinosus. Sow.
Teredo amphisbeena, Goldf.

. Brachiopoda.
Crania egnabergensis, Eetz.

„ parisiensis, Defr.

Rhynchonella Cuvieri, d'Orb.

„ limbata, Schloth.

„ plicatilis, Sow.

„ reedensia 1 Eth.

Terebratula carnea, Sow.

„ semiglobosa, Sow.
Terebratulina- gracilis, Schloth. var.

„ striata, Wahl.
Thecidium Wetherelli. Morris -

Bryozoa.

Alecto gracilis, M. Edw. - -

„ ramosa, Boemer
Desmepora semicylindrica, Roemer -

Diastopora Sowerbyi, Lonsd. -

Entalophora sp. ....
Homoeosolen sp. . . . .

Truncatula alternata, d'Orb. -

Crustacea.

Enoploclytia Leachi, Mant.
Scalpellum arcuatum, Bwrw. -

Annelida.
SerpTila plexus. Sow - . .

Terebella lewesiensis, Davies -

Echinodermata.
Bourgueticrinus ellipticus, Miller.

Cidaria clavigera, Eonig.

1 2

- 2

1 -

1 2

1 -
1 2
1 -
1 -

b -

a -
- c

a -

a -
a -
a, b, c

- c.

a -
a -

c

a
- c

a -

a, b c

a, c

b -
a, b
a -

a -

a, c

c

4

4

4 5-4-6
4 - -

- 5 -

4 5-
- 5 -
- 5 -
- 5 -
4 5-

4 - -

4
4

4
4

- 6

4 - -

4 - -

4 -
- 5
4 -

4 _
4 -

- 5
4 -
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CHAPTER XIV.

THE UPPER CHALK IN NORTH HAMPSHIRE.

General Remarks.

That part of Hampshire to which the following account relates

is wholly comprised within the Basingstoke and Andover sheets

of the new series of Ordnance Maps (Sheets 283, 284). Our
knowledge of the zones in this district is primarily due to Professor

Barrois,* but Mr. E. Westlake made some subsequent explora-

tion of the country,! and Mr. Ch. Griffiths and Mr. R. M. Brydone
have more recently explored much of the district, and have col-

lected diligently from all the principal exposures near Andover,
Whitchurch, Micheldever, and Basingstoke.

The Chalk Rock (zone of Holaster. planus) crops out roimd the

uplifts of Kingsclere and Shalbourne and is probably succeeded

by a thin zone of M. cortestudiTMrium, though at present we
have no certain evidence of its existence.

The zone of Micraster coranguiwum occupies large parts of

the surface area of this district, because it is brought up round
the uplifts of Kingsclere and Shalbotirne, and the Marsupites zone

fomis a narrow band for some distance along the Northern border,

just -below the Eocene boundary. To the southward, also, there

are synclinals by which the Marsupites zone, with more or less of

the Act. guadratus zone, are brought in. South of Whitchurch
and Overton the zone of M. coranguinum makes its appearance

again, not only in the lower ground, but on the high ground north

of Micheldever.

It is evident that a careful zonal study of this district would

bring out some interesting facts respecting the flexures of the

Chalk and the subsidiary system of synclines and anticlines which

exists in this area, which is really a prolongation of the compound
Wealden uplift.

Nothing is definitely known with regard to the local thickness

of the several zones into which the Upper Chalk is divided, but

•Recherches sur le Terrain Cr^tac^ sup^rieur, p. 38 et seq., 1876.

t Tabular Index to the Fossils cited by Dr. Ch. Barrois (1888).
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it is probable tbat their relative tbicknesses are nearly the same
as in the central part of Hampshire, described in Chapter V,

Stratigeaphioal Details.

1. The Chalk Rock Beds.

These beds must be regarded as a condensed equivalent of the

zone of Holaster planus.

I am informed by Mr. Bennett that there are several exposures

of these beds along the cincture of the Kingsclere inUer. On the

northern side of the vale he found them exposed in a quarry

three-eighths of a mile south-west of Kingsclere Church, in another

quarry less than a mile N.N.E. of Burghclere, and a still better

section in the railway-cutting west of the latter (see Fig.

The beds in each case are dipping northward at angles of from
20° to 28°, and the succession at each place is the following :—

Feet.

White chalk with flints.

Hard compact yellowish limestone - - - - - 2 to 3
Greyish-white nodular chalk - 12 or 13
Hard chalk-rock, with a layer of green-coated nodules

at top and another below - - - - - -6 or 7

On the south side of the vale the rock is well shown in the first

cutting on the railway north of Litchfield Station, where the beds

are dipping to the south at about 4°. Of this section Mr. Whitaker
fvu-nishes the following acco\mt :— /

feet.
White chalk with flints. i

'Very hard cream-coloured chalk, with a few J^

,

pale greenish nodules - - - - - - ^ 3
Hard white bedded chalk with two thin discSa-

tinuous seams of flint -- - - - -11
Hard chalk with a layer of flints at the top - - 1

Hard chalk-rock, jointed, with a layer of green-coated
nodules at the top, where it is fossQiferous C- 2

Hard chalk - ----...4
Hard chalk-rock like the above, but not so marked,

passing down into hard chalk - - • 1

1

22

From the sections above mentioned Mr. Rhodes was able to

obtain a fair number of fossils. (See list at the end of this chapter.)

In the Bourne Valley a good section through these beds is

found in a quarry at the foot of Stoke Hill one and a half miles

south-east of Hurstbourne Tarrant ^see Fig. 50). This section was
carefully measured by Mr. E. Westlake, and his account was
published in Steven's " History of St. Mary Bourne " (1803).

o (

P5
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Somewhat abbreviated, it is as follows, but the bracketing of the

beds into zones is my own :—
Ft. in.

Soft chalk with a seam of flint 9 inches from
bottom ----- --39
fUpperjoch-hed—verj hard chalk, slightly ochre-

OTis, much broken, biit defined at the top - 2
Softish white chalk without flints - - - 7 9
Layer of rusty flints, forming top of

'

Sponge-bed—hard nodular chalk with black

specks and many decayed irregular flints full

of spicules ; in places the chalk contains cavities

Lower rock-bed. Two courses of very hard chalk,

the upper surfaces of which are irregular and
well defined. The top 3 or 4 inches of each
course contains green-coated nodules, pyrites,

,
andmany fossils (see list on page 191). -

'Nodular chalk, consisting of hard lumps in a

softer matrix with wavy streaks of grey marl 2 8
Layer of green coated nodules and pyrites 2

Nodular chalk, like that above > - 6 6

Soft grey marl - - - - 4
Compact greyish chalk, lumpy biit less so than

the beds above and breaking into larger blocks ;

a few scattered flints. Spondylus spinosusis

common - - - - 12

O I> 1

2 10

Mr. Westlake divided the beds above the marl band into a zone

of Holaster ylanus and a zone of Micraster breviporus. When
he wrote it was natural to place the nodular chalk above this

band in the former zone, but we have already explained (Vol. II.

p. 410) why Mr. Hill and I take a different view.

It might be thought that the two-inch layer of green-coated

nodules should be regarded as part of the Chalk Eock, but such

nodules occur at many horizons in the Chalk, and the mere occur-

rence of such nodules a few feet below a bed of Chalk Rock is no
good argument for including such a layer in the same zone. Mr.
Westlake found no fossils in this thin layer of nodules, and the

special fauna of the Chalk Rock, with its Cephalopods and Gastero-

pods, does not come in till the lower rock-bed is reached.

It has been mentioned in Chapter VII. that a similar layer occurs

in the Isle of Wight, and has actually been called Chalk Eock,
but that we regard it as lying in the Terebratulina zone, and
altogether below the true representative of the Chalk Eock in

that island.

Mr. Westlake gave a list of the various fossils which he found
in each bed, but the upper rock-bed only yielded an imperfect

Micraster. These fossils are listed on p. 191 in their respective

zones under the letter s, but we mention here that the fossils

found in the nodular chalk at the top of the Terebratulina zone

were : Holaster plan/us, Micraster Leskei, Rhynchonella plicatilis.

Terebratula semiglobosa, Inoceram/us cf. cuneiformis, and Natica sp.
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2. Zone of Micraster coranguinum.

Thia zone probably occupies a considerable area to the east

and west of Basingstoke. Professor Barrois supposed the town
to be on the zone of Marsupites (op. cit. p. 39), but he was^

unable to find many fossils. Messrs. Griffith and Brydone, how-
ever, have devoted some time to collecting from the railway cutting

of the Great Western Eailway east of Basingstoke Station, and
consider it to be in the zone of M. corangumum, the occurrence of

that fossil with Galeritesulbogalerus and Actvnocamax verus and the

absence of any plates of Marsupites leading them to that conclusion.

There is another exposure of the same chalk in the siding east of

the junction with the South Western Eailway.

It might be thought that the occurrence of Actinocamax verus

was suggestive of the Marsupites zone, since at Margate and else-

where that fossil is associated with Marsupites. Mr. Griffith,

however, informs me that this does not seem to be the case in

Hampshire ; that they have never found it in any section where
plates of Marsupites occur, while it is not uncommon in the

chalk which appears to be referable to the zone of M. coranguinum.

On the northern side of the Vale of Kingsclere the outcrop of

this zone must form a very narrow band, for on the maps of the

Geological Survey the whole space occupied by the Upper Chalk
is in places not more than 350 yards across, and the beds are

indicated as dipping northward at angles of from 25° to 40°. It

is probably exposed in the third railway cutting north of Burgh-
clere, but no one has yet obtained any information respecting the

zonal succession in this cutting.

On the south side of theVale the zone of M. coranguinum, occupies

the ground for some distance to the south and east of Litchfield.

Dr. Barrois describes it as chalk with banded flints and some
cavernous flints, but with few fossils except fragments of Ino-

ceramus ; he notes it as visible at Cold Henley and Larks Barrow
Hill, about two miles south of Litchfield, and again to the south-

east at Woolding Farm and Travellers' Best.

He considered Whitchurch and Hurstbourne Priors to be on the

Marsupite chalk, but Mr. E. Westlake inclines to the opinion that;

the beds there seen by Professor Barrois belong to the zone of

M. coranguitmm, and the same is the case with regard to the

chalk round Overton to the eastward.

The New Barn cutting on the railway between Whitchurch and,

Hurstbourne stations is in the M. coranguinum zone, and Dr. J.

Stevens obtained many fossils here when the cutting was being

made (see hst on p. 191). Professor Barrois recognised the same

zone at Chapmans ford, where banded flints occur in layers

at distances of 1\ to 3 feet apart. The large quarry near Hurst-

boiu-ne Priors shows soft chalk in horizontal beds, with black

flints in layers about the same distance apart, and here Professor;
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Barrois obtained many fossils. Of this Mr. Westlake writes that
it is known locally as the Bee House pit, and that " evidence as

to the horizon of this pit has been furnished by the recent cuttings
on the Hurstbourne and FuUerton branch, about a mile west of

the pit, and 100 feet above it, which contain M. coranguwAim
and E. conicus " (—Galerites albogalerus), and Actvnocamax verus

is recorded by Professor Barrois.

To the east of Whitchurch is another large quarry at the Whiting
works, described by Professor Barrois as containing layers of large

cavernous flints at distances of 3 to 6 feet ; in the upper parts are

banded flints, and 3 feet from the top a yellowish layer with a
marked upper surface. This pit is clearly in the M. coranguinum
zone, and Mr. Westlake says the cutting at the South Western
Eailway station, 100 feet above the pit, has furnished numerous
Micraster coranguinum and Galerites albogalerus. Of the flints in

this cutting Mr. Charles Griffith, of Winchester, writes that they are

very numerous both in layers and as scattered nodules, that inside

they are sometimes black, but more often grey or brown, and fre-

quently mottled with moderately thick crusts. There is a layer

of very large flat flints at the top near the bridge, which seems
to show an easterly dip.

Of the quarry mentioned by Prof. Barrois at " Norrington,"
Mr. Westlake writes :— " By this name, taken from the old one-inch

map, is intended the pit at Southington corn-mill, half a mile west
of Overton. The railway cutting at Overton Station, 100 feet

above this pit, contains numerous M. coranguinum and E. conicus.

I have failed to find E. conicus in the Southington pit, and I refer

it to the same horizon as the whiting pit at Whitchurch," where it is

very rare—namely, to the lower part of the M. coranguinum zone.

On the great railway cutting north of Micheldever Station, Mr.
Charles Griffith kindly furnishes me with the following notes :

—

"The chalk is solid, moderately soft, with very many flints ; these

are of all shapes and sizes, in layers and scattered, skins very thin

to fairly thick, interior generally black but sometimes grey.

Echinoderms are remarkably abundant {Galerites, Echinocorys,

Micraster, Cidaris, Cypliosoma, etc. ; see list). Actinocamax verus

is not uncommon here, but I refer the chalk to the upper part of the

M. coranguinum zone." In this opinion Mr. Westlake concurs.

Professor Barrois states (op. cif., p. 49) that Andover is also

probably on this zone, though some of the higher ground to the east

of the town may consist of the Marsupites chalk.

2. Zone of Marsupites.

The extent of this zone in the northern part of Hampshire is at

present quite uncertain, because no one has yet explored the region

with a view to separating it from the overlying zone of Actinocamax

quadratus. When Professor Barrois made his researches he in-

cluded in his zone of Marsupites the greater portion of the chalk
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which we now refer to that of Act. quadratus, and consequently
we cannot be guided by his references to the zone except where he
actually records plates of Marsupites, and this is only in one
instance (Harewood, near Andover).

Mr. Griffith however informs me that he is right in referring

the large quarry near Chinham, 1^ miles north of Basingstoke,

to the zone of Marsupites, for plates of that fossil have since been
found there in abundance. Professor Barrois describes the chalk

seen in this quarry as soft and white, containing a few rounded
flints, which are either white or yellow outside, and occur as scat-

tered nodules, not in layers, though there are some thin flint seams
(lits tabulaires). Messrs. Griffith and Brydone have collected

many fossils here, and the list will be found on p. 191.

It seems probable that near Basingstoke the continuity of the

Marsupites zone is broken by a gentle uplift connected with that

of the Kingsclere district, and that, as already stated, most of the

chalk near Basingstoke, and that exposed between Overton and
Whitchurch, belongs to the zone of M. coranguinum.

West of Whitchurch, however, higher beds appear to come in

again, for, on the highest ground occupied by Harewood "Forest,

Professor Barrois found plates of Marsupites between Hurst-

bourne and Andover, the exact position of which he does not

state, but mentions that the flints are rather large, banded, and
yellow outside.

There are also two quarries east of Andover which, according

to Mr. Griffith, may be referred either to the zone of Marsupites

or to that of Act. quadratus. One of these is by the old road east

of the town, but has not yielded many fossils ; the other is a large

pit on the road to Micheldever, and has yielded a number of

small fossils. Offaster pillula being not uncommon at the upper
end of the pit, but Marsupites have not yet been found at either

place.

This zone in all probability occupies some considerable area

to the north of Andover, beneath the Dole Wood district, for Mr.
Westlake states that at Frenches Copse, south of Hurstbourne
Tarrant, the Eocene rests on the zone of Marsupites.*

It may also be exposed at the northern end of the third

cutting on the railway north of Burghclere Station, for Mr. Ehodes
(collecting for Mr. Bennett) obtained a plate of Marsupites there.

4. Zone of Actinocamax quadratus.

This zone appears to come in at certain places along the central

part of the Chalk area between the anticlines of Winchester and
Kingsclere. Probably it only occurs in the form of outliers in the

* Tn the History of St. Mary Bourne, by E. Stevens.
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central parts of tlie deeper synclinal trouglis. For the following

notes I am indebted to Mr. Charles Griffith :— "A disused chalk-pit

at Weston, by the side of the railway, three miles south of Michel-

dever Station, has yielded many specimens of Offaster pillula and
many Bryozoa, and as in our experience Offaster pillula only occurs

above the chalk in which Marsupite plates have been found, I am'

disposed to assign this pit to the lower part of the Act. quadratus
zone, and to place it on the same horizon as the chalk exposed at

the top of the large quarry east of Andover.

" Two specimens of Actinocamax granulatus were found in

1898 in a pit two miles north of Sutton Scotney, on the east side

of the road to Whitchurch, and Offaster pillula was found in a pit

on the south side of Sutton village. Act. granulatus has also been
found in one of the quarries east of Andover."— (C.G.)

It is possible also that some part of this zone may come in to the

north-west of Andover, near Hatherton and Tangley, on the borders
of Wiltshire, for in all probability there is a synclinal axis running
from south-east to north-west, parallel to the anticlinal axis of the

Bourne Valley (St. Mary Bourne to Vernham's Dean). Part of

this tract west of Ibthorpe is 300 feet or more above the outcrop

of the Chalk Eock in that village, a height which with the

contributing dip would probably suffice to bring in the Act.

quadratus zone.

List of Fossils from' the Upper Chalk of North
Hampshire.

The following list of fossils from the Upper Chalk of North Hamp-
shire has been compiled from several sources.

That of the Chalk Eock and associated beds is partly from collec-

tions made by Mr. J. Ehodes for the Geological Survey, partly

from a list sent me by Mr. C. Griffith, and from lists given by
Mr. Westlake in Dr. Stevens' History of St. Mary Bourne ; those

obtained from Litchfield, Kingsclere, etc., are indicated by the

letter r, and those from Stoke by the letter s.

The fauna of the M. corangwmumi zone is compiled from the

following sources
; (n) that given by Mr. Westlake from the

New Barn cutting, Whitchurch ;
- (&) from Professor Barrois'

list of the Bee House quarry, Whitchurch, supplemented by
the results of Mr. Griffith's collecting at the same place ; and,

lastly (m) from a list, kindly furnished by Mr. Griffith, of fossils

found by him and Mr. Brydone in the cutting at Micheldever.

The species recorded from the higher zones are entirely due to

the diligent collecting of Messrs. Griffith and Brydone, who have
most generously placed their lists at my disposal. The letters in

these columns signify the following localities: a Andover, c Chinham,
Odiham, t Sutton Scotney, w Weston.
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Zones of
H. planus

and
M. cortes-
tudinarium.

Zone of
Micr. coran
guinum.

Crustacea.

Folllclpea glaber, Roemer
Scalpellnm Bemlporcatum, Darmn -

Snnelida.

Serpnia ampullaeea, Smo.
„ fluctuata, Sow, - . -

„ granulata, Sow. •

„ plexus, Sow,

„ (ncbinella, Sow, -

Eckvnodermata,

BouTfuetlcrluUB ellipticus, UUler
„ ap. noy.

-

Cidarls clavigera, Kiinig -

„ hiiudo, Sorig,

„ peromata, ForbeS'

„ sceptriteia, Mont,
„ serritera, Forbes -

„ Bubreslculosa, d'Orb. •

CjrphOBoma Kcenigi, Maitt.

„ radiatum, Sorig, (= simplex)

„ coroUare, Klein •

„ ap. - - - -

Echinocorys scutatua, Leske -

„ „ var. pyramidata
Epiastar gibbus, Lam,
Galerites albogalerus, Leske -

„ subrotundus, Jfant,

Holaater planua, Mant, -

„ placenta, Ag, •

Intulaster excentricus, Forbes
Maraupitea iieata&iamba.SMoth
Idetopaater Parkinson!, Forbes

„ uncatus, ii'oriet,-

sp. _ - •

Mlcraster coranguinum, Leske

„ corteatudinarium, GcAdf.

„ Leakei, Degm. -

„ pnecuTsor, Rovx, •

Oifaster pfllula. Lam,
Ophinra »err»ta, Roemer •

Oreaster bulbiferua, Forbes •

„ piatillUerus, Forbes -

. Fentacrinua ap. ...
galenia granuloaa, Forbes
TTintacrlnuB weatfalicus, SchltU.

Aetinozoa.

Axogaater cretaeea, Lonsd. •

Caryophyllia cylindracea, Reuss •

Epiphaxnm auloporoldea, LoTwd,
Farasmilia centralis, Want. •

Spongida.

Cephalitea paradoxus, T. Smith
Cliona cretaeea, Portl. - - -

Foroaphiera globularis, PhU. •

„ pileolus, Lam.
„ Woodwardi, Carter

Ventriculites cribrosua? Phil. ~ -

,,
impressuB, T. Smith -

„ mammlUaris, T.Smith

„ radlatUB, Mant.-
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CHAPTER XV.

THE UPPER CHAn<: IN

NORTH WILTSHIRE AND WEST BERKSHIRE.

General Remarks.

We shall regard Nortli Wilts as including the whole of the
Vale of Pewsey, as well as all that part of the county which lies

north of a line drawn east and west from Westbury to Ludgershall.
The boundary line formed by the outcrop of the Chalk Rock

has been mapped chiefly by Mr. F. J. Bennett, and many exposures
have been noted by him and some by myself, for the rock-beds
have been quarried for many years to obtain road metal. The
Chalk Rock was well known to the Rev. S. Townsend at the
beginning of last century, and is noticed by him in the following
passage*:— " In descending the hills fromEverley to the Vale of

Pewsey a second bed [of chalk] appears, hard, rubbly, and tinc-

tured with green, improper for the uses to which the former is

applied, and fit only for the highways."
On the south side of the Vale of Pewsey no great thickness

of Upper Chalk comes in, probably less than 200 feet, and not
reaching higher than the middle of the zone of Micraster coran-
guinwm. North and north-east of the Vale a greater thickness
comes in, and near Marlborough there is probably quite

300 feet of Upper Chalk, but as nothing higher than the

M. coranguvrmm zone comes in below the Eocene, we must
suppose that the higher zones have been overlapped by the

Eocene in passing from east to west.

It will be convenient to describe in this chapter what is known
of the Upper Chalk in that part of Berkshire which adjoins Wilt-

shire, that which lies to the north of the river Kennet and west
of the Thames valley. This district includes the greater part of

the chalk area of Berkshire, but with the exception of the base-

ment beds (Chalk Rock) little is known about it.

The higher portions of the Chalk are largely covered by " clay

with flints " and remanie Eocene material, but chalk is exposed

on the slopes of all the valleys which drain south into the Kennet
and its tributary the Lambourn. The beds belong to the zones

*The Character of Moses established for Veracity, &c., 4 to p. 98, 1813 :

a work which contains much more geological information than might be

expected from its title.

6821 N
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of Micraster cortestudvnarium and M. corangumum, ,and it is

improbable that any higher zone emerges from beneath the Eocene

in this region.

The sections in the valley of the Thames will be more conveniently

considered in the following chapter with those in the adjoining

parts of Oxon and Bucks.

A.—North Wiltshire.

In 1901 Mr. E. Meyrick and the members of the Marlborough

College Natural History Society made a systematic search for

fossils in the various quarries and exposures within reach of

Marlborough, and the specimens found were sent to me for

identification. It is entirely due to the search conducted by

Mr. Meyrick that I am able to give the list of fossils that will be

found on page 200, for it had previously been supposed that the

Chalk Rock was not very productive in North Wiltshire, nor

had the higher zones been definitely recognised.

The Chalk Rock Beds.

The zone of Holaster planus is probably represented in

Wiltshire by the Chalk Rock which usually consists of several

courses of compact cream-coloured limestone, each coiuse termin-

ating upward in a layer of green-coated nodules. These nodxiles

are lumps of chalk which have been rolled and slightly phos-

phatised on the sea-floor.

There are many old quarries in the Chalk Rock on the summit
of the Downs east of Westbury, but most of the sections are

shallow, and do not expose more than 3 or 4 feet of the rocky beds.

A deeper exposure was found by my colleague, Mr. Bennett,

in a quarry on Stoke Hill, south of Earlstoke, where the following

beds were seen :
—

Feet.

White chalk with flints 2^
Layer of green-coated nodules -

|
Hard nodiilar chalk without green nodules 6
Hard nodular chalk with four layers of green-coated nodules 3
Hard cream-coloured chalk rock seen for Ij

In another pit about two miles south-east of Earlstoke the
hard cream-coloured rock is exposed for 3 feet without being
bottomed, so the Chalk Rock beds are more than 12 feet thick

in this district.

On Redhorn Hill, south-east of Urchfont, part of the rock is

exposed in quarries on each side of the road, and the beds seen
were :

—
Feet.

Hard white compact limestone with glauconite grains
and two layers of green-coated nodules - 3j^

Very hard compact limestone without green grains -
l

Talus below.
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Mr. Bennett lias traced the outcrop of the Chalk along the
southern border of the Vale of Pewsey, but reports that there

are no good exposures of it.

On the hill west of Enford (Avon Valley) a well was sunk in

1890 by Mr. J. W. Titt, of Warminster, who has given me the
following particulars of the beds passed throiigh ;—

Feet.

Chalk with many flints - ... x04
Hard rocky chalk (sample of Chalk rock sent) - 18
Solid white chalk - - - 72

194

At the eastern end of the vale the outcrop of the Chalk Eock
curvea round the village of Tidcombe, and runs along the west

side of Botley Hill, passing thence into the Vale of Shalbourn;
but the space on the ridge east of Marton, from which the rock

beds have been removed, is not more than a quarter of a mile

in length.

From this ridge the outcrop is continuous westward along the

northern side of the Vale of Pewsey, the northerly dip increasing

till between Durley and Hewish there are dips of from 20° to 30°.

It is exposed in the cutting on the new railway N.W. of

Savernake Station.

A good section of the rock was recorded by Mr. Whitaker in 1861

near the top of the hill on the road N.N.E. of Oare ; he describes

it as showing over 11 feet of hard-rocky chalk with six layers of

green-coated nodules, each of the latter being 2 or 3 inches thick. *

Mr. Bennett examined this section in 1889, and sends me the

following account of the exposure then visible :
—

Feet.

Chalk with flints - - - 2

Massive white chalk with a few flints scattered through it - 10

Hard cream-coloured chalk-rock with four layers of green-

coated nodules ; base not' seen - - 7

West of St. Ann's Hill the Chalk Eock beds occur only in out-

• Iters, and many shallow quarries have been opened to get stone

for road material. One of these, on Bishops Cannings Down,
as seen in 1888, was about 7 feet deep, showing 3 feet of rubbly

nodular chalk overlying 4 feet of hard compact rock, with layers

of green-coated nodules.

On Morgans Hill, still fiu-ther west, there are several small

quarries, and one at the north-east end showed about 6 feet of rock,

the central bed about 2 feet thick, and consisting of hard lumps em-

bedded in soft greyish-white chalk with many fossils and fragments

*Quart. Journ. Geol. Soc., Vol. xvii. p. 167.

6821 N 2
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of brown phosphate. The beds above and below were of the ordinary

compact kind, with layers of green-coated nodules.

On Oldbury Hill, a pit north-west of Witch Plantation shows
2 feet of nibbly chalk resting on hard compact limestone with

gi'een-coated nodules. A similar section is exposed in another pit

to the eastward (see p. 198).

These facts suggest that the complete succession in this district

would be as follows :—

Feet.

Compact limestone beds with layers of green-coated

nodules ; some fossils - 5
Soft chalk with hard lumps, many fossils - 2

Beds of compact limestone with layers of green-

coated nodules ; some fossils - 5

12

The following notes on exposures of the Chalk Eock near Marl-

borough are by my colleague, Mr. F. J. Bennett.

West of Marlborough the Chalk Eock runs along Overton Hill,

where it is exposed in a small pit. A better exposure occurs in

the Valley of Stones, north of Pickledean Barn, where about

3 feet of the rock is seen,' and from this exposure the members of

the Marlborough College Natm-al History Society have obtained

many fossils. There is another quarry east of Down Barn in the

same valley, exposing about 9 feet of rock, with four layers of

green-coated nodules.

In Marlborough the rock is exposed in a pit in the field north

west of the " Marquis of Ailesbury's Arms " ; it was seen in

the foundation trenches for the new buildings at Marlborough

College, about 6 feet from the surface, and the outcrop runs east-

ward to Mildenhall.

North of Marlborough the best section is in a quarry west of

Ogbourn Maisey, and is as follows :
—

Feet.

Soft chalk with flints -
- - 2

Chalk £oc&—hard yellowish limestone in six courses with a

layer of green-coated nodules at the top of each course 8

Middle rHard nodular whitish chalk - ... 5

Chalk. \Soft blocky chalk 3

18

Here also the rock-beds contain many fossils. There are also

quarries in the Chalk Eock on the brow of Hackpen Hill to the

N.W.
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Zone of Micraster cortestudinaritim.

The beds of this zone do not appear to be frequently exposed in

North Wilts, but the chalk which directly overlies the Chalk
Rock probably belongs to it.

To this zone may be referred the white chalk with scattered

flints which overlies the Chalk Rock on Oare Hill (see page 195),

and Mr. Meyrick informs me that Micraster p-cecursor and

Ediirwcorys scutatus have been obtained from this chalk.

Similar chalk is exposed in a quarry at the south-eastern end of

Oldbury Castle Hill, and of this Mr. Meyrick sends me the follow-

ing particulars ;
" The depth of chalk exposed is not more than

6 feet and it consists of whitish chalk, some parts of which are

very hard ; flints of rather small size are scattered thi'oughout

irregularly, and there is one well marked layer about 2 feet from

the surface. Echinocorys scutatus, Micraster precursor, Cyphosoma
radiatum and a few other fossils were foimd."

What appears to be the downward continuation of this chalk
and its junction with the Chalk Rock is shown in another pit

half a mile north of the last. The section here, as communicated
by Mr. Meyrick, is as follows :

—

Feet.

Eough chalk with scattered flints like that above described,
Micraster proBcv/rsor; Echiiwcorys scutatus, and Ventricu-

lites impressut ---.--.-- 3J

Chalk Rock, very hard and full of large green-coated
nodules ; many fossils including Crioceras ellipticum

and Troohus Schluteri seen for 2i

Another pit on the same hill at the south-east corner of the
old camp appears to be in the beds which overlie the Chalk
Rock. The section (as seen by me in 1888) was

—

Feet.

Soft white chalk with a layer of large white-coated flints at
the base - - - - 3

Hard rubbly rock with some fossils, but without any green-
coated nodules .... ggg^ f^j. g

The fii'st cutting on the railway north of Marlborough passes

through chalk with many layers of flints, but no further informa-

tion respecting it has come into my hands, except that the beds
dip southward, and probably include parts of both the zones
of M. coranguinum and M. cortestvdinarium.

The well at Marlborough Station reached Chalk Rock at a
depth of about 150 feet, and the well at the Waterworks is 143J
feet deep, entirely through Upper Chalk, according to informa-
tion furnished by Mr. Fairbank, the engineer, to Mr. F. J. Bennett.
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There is another well at Messrs. Long and Barry's brewery, of
which the following account has been given:—*

Feet.

28
Old well, dug - . ^g
Bored through soft chalk without flints - - 44
Chalk with 4 layers of flints - . . 3^
Hard chalk
Mixture of chalk and flint

Chalk with flint at the bottom
Hard chalk
Chalk with flints at 135 feet and 140 feet
Chalk and fragments of shells
Chalk and flints

6
8

6
6

11

4

150

It is stated "The Chalk Rock was apparently reached at a
depth of 106 feet, but the chalk was so crushed that this is un-
certain."

3. Zone of Micraster coranguinum.

The best exposure of this zone near Marlborough is in the
dfep cutting at the northern entrance to the tunnel on the
Midland and South Western Junction Railway south of the town.
For the following note of this section I am indebted to Mr.
E. Meyrick :

—

White chalk, without flints about 15 fe6t
Lajrer of continuous tabular flint - - 3 to 4 inches
White chalk, without flints - - - about 15 feet
White chalk, with three layers of rather distant flints „ 10 feet
Layer of continuous tabular flint - „ 2 inches
White chalk with two layers of flints - „ 10 feet

About 50 feet

No fossils could be found in the chalk, but the upper flint-

layer contains fragments of a large flat Tnoceramus, some small
sponges (Siphonia Kcenigi) and a Ventriculite.

The quarry on the west side of the Salisbury Road, south-east

of Marlborough, seems to belong to this zone and has yielded

Micraster coranguinum and Ciaaris perornata. From another

quarn^ near Cadley, about two miles south-east of Marlborough,

Mr. Bennett obtained a portion of the Asteroid Metopaater

Mantelli.

'Eep. Marlborough Coll. Nat. Hist. Soc., No. 36, p. 132 (1888).
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List of Fossils feom the Upper Chalk of North Wilts.
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2.

—

West Berkshire.

The Chalk Rock Beds.

White Horse Hill is the northern termination of a ridge which
carries two long outliers of Upper Chalk based upon Chalk
Rock, the southernmost extending nearly to Lambourn.

Mr. F. J. Bennett fo\md the Chalk Rock exposed in several of

the roadways near Lambourn and informs me that one of the

best sections was on the road leading up hill from Bockhampton,
about a mile south-east of Lambourn ; this shows the base of

the rook, and the beds seen are :
—

Feet.

Hard cream coloured chalk with a layer of green-coated nodules
at the top 6

Hard nodular white chalk - - - 3

From Lambourn the outcrop of the rock runs northward to

Sparsholt Down, and thence eastward along the summit of the

main escarpment. Along this tract the rock-beds have been

quarried at frequent intervals for road metal, so that many sections

of these beds have been exposed from time to time, but they are

mostly shallow quarries following one or more of the hard beds,

and none of them exposed so much as 20 feet of chalk.

One of the best sections open in 1887 was in a quarry on the

north-east side of Sparsholt Down, and as soft white chalk was
exposed at the top it would seem that the rock-beds here worked
are the very highest of the group. The succession seen by me
was as follows :—

Feet.

Soft-white chalk, breaking into thin platy pieces with nodules

of light g;rey flint at the base -

_
3

Hard compact white limestone without green grains ; large

green-coated nodules in the upper 6 inches - Ij

Hard nodular greyish chalk - 3

Greyish lumpy or nodular chalk with three layers of green

nodules - - - 3J
Hard yellowish limestone with green nodules and some

glauconite - -seen for 1^

Trocfmis Schluteri, Terebratula carnea, and a Micraster were

obtained here.

The next good exposures visible in 1887 were on the hill south

of Letcombe Basset, and in the more westerly quarry near Gramps
Barn the section was :—

Feet.

Bubbly white chalk without flints . - - 4
Hard whitish limestone with a layer of green-coated nodules

at the top . , - 1}
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Feet.

Hard rubbly chalk, whitish and passing into rock above, grey
and looser below - - 3

Two layers of hard rock with green grains, each having
a layer of green-coated nodules at top, and each passing
down into hard lumpy chalk - - 4

Green-coated nodules and layer of hard rock 1^

14

Hardly any fossils were to be found, and in comparing this

section with the preceding it seems clear that what is wholly

nodular chalk for 2>\ feet in the former is here replaced by beds

which partly consist of compact limestone.

On Wantage Down there are old excavations of considerable

extent, but they do not appear to have been deep.

The rock has also been largely quarried on both sides of the

plantation north-west of Cuckhamsley Knob. The fossils col-

lected by the late Mr. Montague Smith, and now in the Wood-
wardian Museum, Cambridge, were obtained chiefly from the

old pits on the west side of the plantation. The fossils in this

fine collection have recently been described by Mr. H. Woods.*
On the east side of the plantation a large pit was open in 1887,

and the following section exposed :
—

Feet.

Hard lumpy chalk with Micrasters and Sponges, and a layer

of scattered flints - 7
Irregular band of greyish chalk about 1

Hard lumpy chalk, as above, but without flints ^ 6
Hard compact limestone with a layer of green-coated nodules

at top and another about 3 feet down
;
green grains occur,

seen for 4

18

From the upper beds I obtained Micraster Leskei, Spondylus

spinosus, and Goscinopora quincuncialis. The rock did not seem
to yield many fossils, and I did not discover the specially fossil-

iferous layer worked by Mr. M. Smith. The lumpy or nodiilar

chalk is probably an expansion of the central beds of the Chalk
Rook, and consequently referable to the Hoi. plarmis zone. Part

of the same succession is exposed in a quarry on East Hendred
Down, 1^ miles south-west of Chilton, but did not in 1887 show
so much of the lumpy chalk. Another pit on Bury Down S.S.W.

of Chilton shows just the same succession as at Cuckhamsley.

No section in higher beds was seen along the escarpment.

From Chilton Down the zone of H. plamis runs south eastward

into the Compton Valley, and thence for some distance up the

branch valley to East Ilsley, where there are old quarries in the

rook-beds.

*See " The MoUusca of the Chalk Eock," Quart. Journ. Geol. Soc,
Vol. m. p. 68, and Vol. liii. p. 377, (1896-1897).
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From Gompton Downs the outcrop of the Chalk Hock runs

northward, and forms the bold flat-topped promontory of Chum
Hill. The rock can be seen here and there in road cuttings or

on the steep hill-sides between here and Streatley, but there are

no good sections.

The Higher Zones.

The zone of Micraster coranguinum sweeps eastward from
North Wiltshire into Berkshire,north of Hungerford,and probably
occupies a considerable area beneath the tracts of Clay-with-flints

by iShefford, Welford, Beedon, and Chieveley, but we have not

been able to obtain any special information about it.

With regard to the zone of Marsupites, since it exists in

Hampshire, it is very probable that it comes to the surface

again on the northern border of the Eocene tract, especially

along the south side of the valley of the Kennet between
Kintbvury and Newbury.

There is a quarry at Kintbury which was visited by the

members of the Geologists Association in 1901,* under the

direction of Mr. Osborne White, who describes the chalk exposed
therein as very white and soft, and as containing very few flints

;

but near the top there is a bed of hard rocky cream-coloured chalk,

the soft chalk is quarried chiefly for the manufacture of whiting,

its purity and the scarcity of flints making it very suitable for this

purpose. Fossils are also scarce and few were obtained during the

visit of the Association, but these few were forwarded to me and
I was able to identify the following :

—

Actinocamax granulatus ? (an alveolar end only).

Spondylus sp. (? latus). Porosphsera globularis.

Echinocoiys scutatus. Ventriculites quincuncialis.

Mr. White specially searched for plates of Uintacrinus and
Marsupites but could not find any. Nevertheless the position of

the quarry and the characters of the chalk make it very likely

that it belongs to the lower part of the Marsupites zone.

Beds which seem to belong to the same part of the chalk are

exposed at Siiaw, near Newbury, and Mr. Rhodes obtained a fair

number of fossils from them, which were identified as the

following :

—

Actinocamax sp. Serpula ampuUacea.
Spondylus spinosus. „ iiuctuata.

„ latus t Ecliinocorys scutatus.

Magas pumilus. Galerites albogalerus.

Khynchonella plicatilis. Micraster coranguinum.
Terebratula semiglobosa. ParasmUla centralis.

Fossils from the Chalk Rock Beds.

Few fossils have been found in the Chalk Rock of Berks except

at the quarry near Cuckhamsley or Quichelmsley Knob, a hill

about four miles south-east of Wantage. No doubt they are equally

* Proc. Qeol. Assoc, Vol. xvii. page 389.
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common at other places, but little search has been made for them.
The late Mr. Montague Smith made a fine collection from Cuck-
hamsley, and the species have been described, and many of them
figured by Mr. H. Woods (see his papers in Quart. Journ. Geol.

Soc, Vol. Hi. p. 68, PI. ii., iii., and iv., and Vol. liii. p. 377, Plates

xxvii. and xxviii.) :

—

The following is a list of the species named by Mr. Woods :

—

Cephalopoda.
Nautilus sublsevigatus, d'Orb.

Ammonites [Prionocyclus] Neptuni,

Geinitz

„ [Pachydiscus] peramplus, Mant.
Baculites bohemicus, Fritsch

Crioceras ellipticum, Mant.
Hamites sp.

Heteroceras reusseanum, d'Orb.

„ sp.

Ptychoceras Smithi, Woods
Scaphites Geinitzi, d'Orb.

Gasteropoda.

Aporrhais Mantelli, Gard.
sp.

Avellana of. Humboldti, Muller
Cerithium cuckhamsliense, Woods

„ Saundersi, Woods
Crepidula sp.

Dentalium turoniense, Woods
Emarginula Sanctse Catharin8e,Possy

„ two other species.

Lampusia sp. (rTritonium)
Natica vulgaris, Beuss
Pleurotomaria perspectiva, Mant.
Trochus Schliiteri, Woods

,, berocscirense, Woods

Solariella gemmata, Scrw.

Turbo Geinitzi, Woods

Lamellibranchiata.

Area of. Galliennei, d'Orb.

„ cf. Geinitzi, Reuss
Cardium turoniense, Woods

„ cf cenomanense, d'Orb.

„ cf mailleanum, d'Orb.

Cardita cancellata, Woods
Corbis Morisoni, Woods
Cuspidaria caudata. Sow.
Cyprina [Arctica] quadrata, d'Orb.

„ equisulcata, Woods
Inoceramus Brongniarti, Sow.

„ striatus. Sow.

„ sp.

Limopsis sp.

Martesia (?) rotunda, Woods
Nucula sp.

Nuculana siliqua, Goldf.

Ostrea semiplana, Sow.
Septifer lineatus. Sow.
Spondylus spinosus, Scmu

„ latus. Sow.
Trapezium trapezoidalis, Roemer

„ rectangulare. Woods

Besides the above the following were found during the survey

of the district :—

Terebratula carnea, Sow. Micraster Leskei, Desm.
Coscinopora quincuncialis, T, Smith. ,, cortestudinarium?, Goldf.
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CHAPTER XVI.

THE UPPER CHALK IN OXFORDSHIRE,

BUCKINGHAMSHIRE,

AND THE VALLEY OF THE THAMES.

GrENESAL REMARKS.

In this chapter we shall describe the Upper Chalk of Oxford-

shire and Buckingham, and shall notice some exposures which are

actually on the Berkshire side of the Thames, between Streatley and
Maidenhead, but which are naturally included in a purview of the

Thames Valley.

The description of this region divides itself naturally into two
parts, (1) that of the escarpment ridge and the valley-heads by
which it is breached, (2) that of the valley of the Thames. More-
over, the valley of the Thames affords a double series of exposures,

first in a series of quarries between Whitchurch and Shiplake,

and secondly in another series between Wargrave, Henley, and
Maidenhead, owing to a dome-shaped uplift which brings up the

Chalk Rock with some of the Middle Chalk at and near Henley.

The zone of Holaster planus in these counties ofteii presents

the aspect recorded by Mr. Hill in 1886,* having some beds of

typical Chalk Rock at the base, and generally about 5 feet thick,

succeeded by 14 or 15 feet of rough, lumpy, and nodular chalk,

at the top of which there is sometimes (but not always) a second

bed of hard yellowish limestone.

The zone of Micraster cortestudiTiarium consists of a variable

series of beds, some of firm white massive chalk, some of rough

lumpy chalk with occasional courses of hard yellowish rocky

chalk, somewhat resembling Chalk Rock, but less compact, and
never containing green nodules.

These beds of nodular chalk and of hard chalky limestone

form steep slopes, and it is to them that the picturesque features

of what is known as the gorge of the Thames between Streatley

and Pangbourn are due.

The zone of Micraster coranguinum consists for the most part

of soft white chalk in regular beds, with numerous regular layers

of flints, and in the lower part of the zone the layers of flints are

chiefly of the sort called caries by Hebert, rough outside and

cavernous within, containing remains of sponges, among which

•Quart. Journ. Geol. Soc., Vol. xlii. p. 244.



206 THE CHETA0E0U8 ROCKS OF BRITAIN.

3.3

IS

loj a

fl^

a

en
• r-l

pq

o

m

li

ii

lis-
03 n ^

fe <p

oo _
00 CS
. o

» ° Se <B ^
b S =* .

rt —

«" N ^ S S
TO

03

O

o

S

I
a

M) . 8

m P.



OXFOEDSHIEE AND BUCKINGHAMSHIRE. 207

Dorydei-ma ramosum is the most abundant. In the higher beds
the flints are mostly soUd and black or greyish black inside.

Continuous seams of flint occur throughout.

At Taplow higher chalk comes in, containing Actinocamax
granulatus, and therefore, in all probability, equivalent to the chalk

of Cliffe and Gravesend. It is, however, remarkable in containing

two bands of brown phosphatio chalk and a layer of hard
nodular chalk resembling Chalk Rock.

So far as can be judged from the thicknesses seen in the dif-

ferent exposures, and from the data on which the section Fig. 52
has been drawn, the average thickness of the several zones in the

valley of the Thames may be estimated as follows :—

Feet.

Taplow Chalk (? Zone of Marsupites) - 50
Zone of M. coranguinum - 200

„ M. cortestudinarium 60
„ Holaster planus 20

If the above estimates are correct there should be a thickness

of about 330 feet of chalk between the top of the Chalk Eock and
the base of the Eocene at Taplow. In this connection it is interest-

ing to notice that in the deep boring between Windsor and Wink-
field, made in 1893 at a spot only five miles nearly due south of

Taplow,* the thickness of chalk between the base of the Thanet
Beds and the top of the bed taken to be the Chalk Rock is just 329
feet. The upper 79 feet of this was described simply as " Chalk
with flints," and no specimens of it were seen either by Mr.
Whitaker or myself, so that we have no special information that

would enable us to say what zones are present there.

Mr. Whitaker has estimated that in the neighbourhood of

Nettlebed, where there is an outlier of Eocene, not far from the

main escarpment, about 300 feet of chalk comes in above the Chalk

Rock.f

Stratigeaphical Details.

1. Zone of Holaster planus.

A good section of this zone is exposed in an old quarry facing

the Thames in Harts-lock Wood opposite Basildon. The upper 30

* See Quart. Journ. Geol. Soc., VoL 1, p. 496 (1894).

t Geology of the London Basin, Mem. Geol. Survey, Vol. iv. p. 43.

(1872.)
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feet of the quarry-face is inaccessible, so that only the lower part

was measured, the rest being estimated by eye :—

Feet.

12
2

White halk with flints - .... about
Soft white chalk without flints - - - „

' Soft powdery chalk with hard lumps which weather
out prominently ; contains a few scattered flints

and a layer of flints at the base. Micraster
praecurscy)' common - - - 16

Hard compact rock with a layer of green-coated
nodules at top ; below it passes into lumpy white
chalk .---....2

Hard yellowish rock full of green-coated nodides in
the upper 6 inches, compact below but passing
into nodular chalk 3

a . r Less nodular white chalk passing into massive white

^;| chalk - - 6
a -xq

I

Layer of grey marl just seen.
^ [Talus hiding lower beds - - 20

a,

d
oN

61

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 Eock below has
but few fossils.

Another good section, where every bed can be easily examined,

is in the road cutting on White Hill, east of Goring, and here the

upper limit of the zone is marked by a thin bed of yellowish rock.

The beds seen are 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

scattered flints

Hard white limestone, without green grains, passing

down into very hard compact yellowish rock full

of green grains, with several layers of green-coated
nodules (Chalk Eock)

a) . I Hard rock without green grains passing down into

^^1 rough nodular chalk. -

a ^ I

Layer of soft shaly marl - - -

'^
[ Firm bedded white chalk - - - -

Feet.

s
C4-t ti°^
a k ^

O t-»

N §

12

About 30

Micrasters were here rare, but Echinocorys scutatus, Spondylus
spinosus, and Terebratula carnea occurred in the liodular beds.
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The next good section was in a quarry on Aston Hill, by the side

of the road from Oxford to London. In 1887 this showed :
—

Soft thin-bedded chalk with a layer of flints in the middle
, Compact yellowish rock

I

d s-

o .S

Dull white lumpy chalk, consisting of soft mealy
chalk with hard lumps, very glauconitic at the
base. Many fossils

Loose rubbly rock with green grains, green-coated
nodules, and many fossils

Compact cream-coloured rock with a layer of nodules
about 2 feet down seen for

Feet.

6

1

14

26

A similar section showing the two rooks with 14 feet of inter-

vening nodular chalk and about 10 feet of overlying chalk with

flints is shown in a quarry, about 30 feet deep, by the main road

near the top of Chinnor Hill. Fig 53 represents this quarry as

seen in 1887.

i'lG. 53,—View of a Quarry on Chinnor Hill.

4. Chalk with several layers 2. Nodular chalk, hard lumps in

of flints. soft mealy chalk.

3. Upper bed of yellowish 1. Lower bed of rock with green

Chalk Rock. grains and nodules.

Mr. J. Rhodes made good collections of fossils from these

quarries on Aston and Ohinnor Hills, and lists will be found at the

6821
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side oi' the Thames Valley to Medmenham, as well as for some
distance up the tributary valley beyond Hambledon.

Mr. Whitaker has recorded a ciu-ious local disturbance in a pit

just south of Middle Assendon, where the Chalk Eock is exposed,

with dips in three directions, the sharpest being down the slope of

the side of the main valley ; in this direction it dips at 10° to 25°

south of west, and in the opposite direction (25° north of east) it

dips at 4°, while there is a lesser dip of about 2° to the north-west.

A more complete section of the Rock and its associated beds is

visible in a large quarry at the entrance to Henley Park, about a

mile north of the town. This pit is not now quarried, but the

following particulars of the section were taken by- Mr. Hill in

1886 :—
Feet.

White chalk with several layers of flints '
- 15

/ Nodular chalk, consisting of hard lumps in

a matrix of soft mealy chalk, with a few
scattered flints—not regularly bedded 9

Similar chalk, hard lumps in a soft matrix,

no flints, except in a layer at the base,

Micraster praecursor and Ter. semiglobosa - 10 to 12

Chalk Bock. Hard yellowish crystalline chalk
with green-coated nodules, upper surface

clearly marked, but not the lower limit - ?5

Rather hard white chalk with a marly layer about 5 feet

down - seen for 7

About 48

The best existing section is in a large quarry now worked less

than half a mile west of Medmenham. Por the following account

of this section I am indebted to Mr. Hill, who visited it in 1899 :—

Ft. in.

Smooth white chalk with a few thin-skinned black flints

(inaccessible in part) over

Continuous seam of flint

Firmer white chalk, slightly lumpy but not rough, a few

scattered flints, Echinocorys sculatus

Soft white chalk with many scattered flints

/Irregular lumpy white chalk with a very few
small scattered flints, one Micraster pracurscr

found 12

Chalk Rock. Hard creamy white limestone with

-
k- two layers of green-coated nodules, the lower
"^ \ part passing down into firm white chalk 5 8

Firm white chalk in thick massive beds, seen for about 40

4
8 .

Oft,
CD

oN

10
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All the sections in Oxfordshire certainly favour the view that

the actual Chalk Eock might be taken as the top of the Middle

Chalk, the beds resting on it being regarded as the base of the

Upper Chalk. This was the view taken by Mr. Hill in 1886,*

but a more extended experience has shown that else-\vhere it is

difficult to separate the rock from the beds above.

Fossils from the Chalk Rock Beds.
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Fossils from the Chalk Rock Beds—continued.

Oxfordshire.

A.Eton

Hill.

Chinnor
Hill

BuckinghamBhire.

Bled-
low.

BiBbo-
rough.

Wy-
combe.

Bryozoa.

Diastopora echinata, d'Orb (Berenicea).-

„ grandis, d'Orb. „
Proboscina ramosa, Bdw.

Echinodermata.

Cidaris hrrudo, Sorig. (spines).

Echinocorys scutatus, Leske -

Holaster planus, Mant.
Micraster Leskei ? Desm.

„ prsecursor, Rowe

Annelida.

Serpula ampullacea, Sow.

„ fluctuata, Sow.

„ granulata, Sow.

„ ilium, Sow.

„ plexus, Sow.

Actinozoa.

Caryophyllia sp.

Parasmilia centralis, Mant.

Spongida.

Coscinopora infundibuliformis, Goldf.

Guettardia stellata, Mich.

Placotrema cretaceum, Hinde -

Plocoscyphia conVoluta, T. Smith -

Ventriculites alcyonoides, T. Smith

„ decurrens, T. Smith

„ impressus, T. Smith -

„ radiatus, Mant.

X

X
X
X
X

X
X

X
X
X
X
X

X
X
X

X
X

X
X
X

X

X

Zone of Micraster cortestudinarium.

This zone is nowhere well exposed along the course of the escarp-

ment ridge either in Oxford or Bucks ; but in the valley of the

Thames there seems to be some thickness of chalk, exposed in

several pits, which is referable to this zone.

Part of this zone is well exposed in the railway cutting west of

Pangbourn, where the beds are bent up into a slight anticUnal
curve, as represented in Fig. 55, and the succession noted in

1885 was as follows :

—
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10. Chalk with some flints

9. A coatinuous 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, enclosing some flints

4. Chalk with scattered flints -

3. Hard yellowish rocky chalk -

2. Rough chalk with fUnt nodules
1. Massive homogeneous chalk

Ft.
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Inoceramus involutus.

„ Ciivieri.

Rhynchonella plicatilis.

Cidaris clavigera.

Echinocorys gibbus.

Micraster cortestudinarium.

Starfish remains.

Porosphaera globularis.

As already mentioned, the base of the Upper Chalk is brought
up again by the Henley anticline, and there is an old quarry
above the church at Remenham which seems to be in the zone
of M. cortestudinariuTTi. Mr. Osborne White informs me that

it is about 25 feet deep, and that there are several layers of.hard

greyish lumpy chalk from 5 to 15 feet above the floor of the pit.

in these he found several Micraster prcecursor (of decidedly low
zonal type, with feebly inflated interporiferous areas), Echino-
corys gibbus, Spondylus spinosus, Terebratula semiglobosa and
Ventriculites quincunciatis. Flints occur as small scattered

nodules, and in their continuous (or tabular) layers. The chaik

above is soft and white.

Further east near Medmenham there are tAvo quarries which
were visited by Mr. Hill in 1899, who supplies the following

particulars :

—

" A quarry at Medmenham, north of the church, shows some
40 to 45 feet of chalk, but the face is inaccessible except near the

base. The lower 10 feet consisted of lumpy chalk of irregular

texture, and above this is a layer of large flints rather widely

separated. The next 20 feet contained many scattered flints and
one prominent flint-floor. The highest part consists of massive

chalk with large rough flints in irregular layers.

The other quarry, !{ mile east of Medmenham, showed the

following section :

—

Ft. in.

Ohalk with flints (inaccessible) - 20
Two continuous seams of flint with chalk between 6
Firm white blocky chalk,without flints, Micraster prcecursor,

Echinocorys tcutatus, Cidaris sceptrifera, and many
shell-fragments 3 6

Firm white chalk in two courses, the lower containing
many scattered flints and shell-fragments -

Firm blocky chalk with few flints

Firm chalk with scattered flints, Echinocorys
Massive creamy white chalk, somewhat lumpy
Firm white chalk with a few scattered flints

Hard rough lumpy chalk, passing down into softer

white chalk, Echinocorys scutatus -

Two floors or seams of flint, each 3 inches thick, with 18
inches of chalk between them

Irregular lumpy chalk - seen for

50 6

The flints are black, with thin rinds, and the two seams near the
base thin out, the one toward the west and the other toward the
east, so that the one seems to take the place of tlie other.

The upper part of. this succession may belong to the zone of M.

3
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coranguinum, but the fossils found were not suflficient to determine
the point ; it is noticeable, however, that the upper beds are full

of shell fragments, which are wanting in the lower 20 feet.

Another quarry which appears to expose the upper part of this

zone is one by Marlow waterworks, north-west of the town. Of
this pit I have only a brief note furnished by Mr. Ehodes, who
was instructed to collect from it in 1888. He describes it as about
60 feet deep, the upper part inaccessible, but showing chalk with
layers of flints ; from the lower 20 feet, which consists of greyish
white chalk with flints, he got many fossils, including Micrasters
of the low-zonal forms. (See list at end of chapter.)

Zone of Micraster coranguinum.

The only nnteworthy exposure of this zone along the escarpment
ridge is in a, quarry on Watlington Hill, a quarter of a mile south-
west of Portways, at a height of 750 feet, and consequently about
140 feet above the base of the Chalk Eock beds. The chalk seen
is rather hard, and contains a hard yellowish rocky band ; there
are many flints, both scattered and in layers, and most of them
hollow, enclosing remains of sponges (chiefly Doryderma ramosum)

;

some are pink, others grey or nearly black.

Along the valley of the Thames exposures of this zone are much
more numerous, and the following account has been drawn up
from the records published by Professor Barrois,* supplemented by
notes furnished by Mr. AV. Hill and Mr. J. Ehodes.
Being unable to indicate any particular bed as the top of the zone

of M. cortestudiTiariwri, and fossils being scarce in the beds which
form the passage from it to the zone of M. coranguinum, we cannot
be sure about the zonal horizon of some exposures. It is probable,
however, that all the chalk seen in the numerous quarries along
the Oxford side of the river from near Hardwick House to

-Shiplake belongs to the zone of M. coranguiwam.
At Mapledurham and at Chase Farm, west of Caversham, there

are quarries which are unquestionably in the zone of M. coran-

guinum, the chalk being soft white, with few perfect fossils, but
many fragments of large Inoceramus ; the flints are in layers from
2 to 3 feet apart, and some of them are with a cloudy white band,
while others are cavernous and contain numerous Bryozoan
remains. The quarry at Chase Farm is about 80 feet deep.

At Caversham is another large quarry, the chalk of which Prof.

Barrois referred to the zone of Marsupites, but he did not find any
plates of that Echinoderm, and Mr. Hill, who has recently visited it,

saw no reason for separating this chalk from that of Chase 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. Prof. Barrois describes the chalk of the

* Kecherches sur le Terr. Cret. Slip., p, 148 (1876).



^^^ THE CRETACEOUS EOCKS OF BRITAIN.

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, generaEy flattened in the direction of the stratifica-

tion.
'

' He found the following fossils :

—

Inoceramus (rare). Cidaris clavigera.
Lima Hoperi. „ hirudo.
bpondylus. Micraster coranguinum.
Rhynchonella plicatilis. Bourgueticrinus ellipticus.

Terebratuliua striata. Porospheera globularis.
Serpula granulata.

It will be observed that there is nothing here specially character-
istic of the higher zone.

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 fqpsils, and without special features. He refers them
all to the zone of M. coranguinvm,.

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.

As already stated, an anticlinal flexure brings up lower beds

near Henley, and for some distance to the westward on the north

side of the valley, but the zone of M. coranguinum is exposed at

several places on the southern side.

There is a large quarry by the main road, about a mile south of

Remenham, which was seen by Mr. Hill in 1899, but he found

a vertical and inaccessible face of chalk, apparently of similar

homogeneous character throughout, with many layers of flints,

which are of a dark greyish black inside.

A small quarry half a mile south-east of Bisham Abbey shows
chalk with many flints, most of which are cavernous and contain

sponge remains (chiefly Doryderma ramosum). A little south of

this, by Bisham Wood, and at a much higher level, is a large quarry

which was visited by Mr. Rhodes in 1880 ; he reported that it

showed about 60 feet of chalk with layers of black flint nodules,

and that fossils were fairly abundant, Ostrea acutirostris occurring

in a layer about 4 feet from the base of the pit associated with

fragments of a large Inoceramus.

Further south, at Pinkneys, and again at Littlewick Green, are

other quarries from 30 to 50 feet deep ; Mr. Rhodes obtained a

fair number of fossils from these, and reported the layers of flints

to be numerous, and the flints to be greyish-black inside. The
fossils included

:

Cidaris hirudo. Rhynchonella reedensis 1

,, perornata. Terebratula semiglobosa.

,, sceptrifera. Pecten cretosus.

Galerites albogalerus. „ (Neithea) quinquecostata.
Micraster corangiiinum. Inoceramus Cuvieri ?

Bourgueticrinus sp. Ostrea acutirostris.

Serpula plana. Lima sp.

,, turbinella.
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The Taplow Chalk.

In 1889 Mr. J. Rhodes, while collecting fossils near Maidenhead,
discovered a quarry by the lodge of Taplow Court which exhibited

a remarkable section, and from which he obtained many specimens

oiActinocamax granulatus. This quarry was subsequently visited

by Mr. A. Strahan, who described it and the phosphatic chalk

found there in some detail.* From this description the following

account is taken, biit the bracketing of the beds in the section is

my own :

—

Section in Qiuxrry at Taplow.

8

a
^

s.g -
eo S "U /
c £ S SC S> r
.u S I

/Soft white chalk, passing down into next

Brown chalk with Ostrea acutirostris, Actino-

camax granulatus, Echinocorys scutatus, and
Cidaris sceptrifera

White chalk traversed by numerous tubes and
cavities filled with brown chalk ; a hard and
blocky top, forming a marked floor to the

brown chalk above - - -

White chalk, mostly inaccessible, and not examined
in detail ... ...

White chalk with scattered brown grains

Brown chalk ... . .

Hard crystaUine chalk with nodular structure

and greenish markings - - about
White chalk [hard at the top] and piped with
brown chalk as above

A [thin] sandy brown layer-

White chalk, piped with brown chalk -

White chalk to the bottom of the pit, the first

flints occurring 12 feet below the lower band
of brown chalk, Galerites albogalerus

Ft.

12

The beds dip at 4 or 5 degrees, about E. 10 S.

m.

8

3

14
2

4
6

10

6

- 15

About 64

A shaft subsequently sunk in the hillside above the pit gives

the exact depth of iihe phosphatic chalk below the base of the

Tertiary strata. Tlie following were the measurements of the

beds traversed by this shaft :—

Feet.

Beading /Clay - - - - - - 7

Beds. \Greensand with green-coated flints - . - 2j
f White chalk 18
Brownish white chalk - 2

Upper I Brown chalk (upper phosphatic band) - 11
Chalk. \ Hard white chalk 12

Soft brown chalk (lower phosphatic band) - 4
,Very hard white chalk.

56i

Quart. Journ. Geol. Soc., Vol. xlvii. p. 356 (1891).
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Mr. Strahan observes :— " Both the [brownl bands owe their

colour to a multitude of brown grains, aud pass up gradually into a

rock less rich in brown grains and of a pale brown or greyish

tinge. The chalk is irregularly bedded, perhaps current bedded,

and traversed by irregular joints so as to break up readily into

blocks, which crumble into a rounded form and finally into powder.

Its friability forms a marked feature and is due to the softness

of the white chalky paste in which the brown grains are embedded.

Under the microscope these grains are seen to be almost entirely

of organic origin, foraminifera, prisms of Irwceramus shells, and

small oval pellets forming the bulk

" Below both bands of brown chalk there occur some few feet

of white chalk traversed by cavities and tubes of all shapes and

sizes up to an inch in diameter and filled with brown chalk. The

top of this piped chalk is in both cases hard, crystalline, and of

a nodular structure, so as to form a clearly marked floor to the soft

brown chalk."

Fossils are very scarce in the lower part of the section, but Mr.

Rhodes obtained Galerites albogalerus near the bottom. As

no plates of Marsupites were found, it is doubtful whether any

part of the section is referable to the zone of Marsupites, and it

certainly cannot belong to the zone of Act. quadratus.

The dip being to the south of east, lower beds occur to the north

wards, and Mr. Strahan found that " a great thickness of flinty

chalk has been laid bare in the Root-House Pit, and almost certainly

lies at a lower horizon than the phosphatic chalk. The lower part

of the northern end of the pit exposes a nodular band resembling

Chalk Rock." Chalk has been dug below the gravel about 300

yards eaat of Taplow Station, and this is also chalk with many flints,

belonging to the M. coranguinum zone.

North of Burnham, and about two miles north-east of the Lodge
Pit, is a quarry exposing the junction of the Chalk and Eocene.

Mr. Strahan says of this :
" A thickness of about 8 feet of chalk

is exposed, but none of the rock possesses the characters of the

phosphatic chalk of Taplow. It contains but one layer of flints

near the top, but a pale greenish layer [is seen] about 5 feet down."

He did not succeed in finding any other outcrop of the phosphatic

chalk, but concluded that it underhes the greater part, if not all,

of the outlier of Tertiary strata on which Taplow stands. He
thinks, however, that it is strictly of local occurrence.
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Fossils from the Upper Chalk in the Thames Valley.

The following is a list of tlie fossils obtained chiefly by Mr. J.

Rhodes from pits on both sides of the Eiver Thames between Whit-

church andTaplow. It is now thought that most of the exposures

are in the zone of Micr. coranguinum, but the quarries near

Whitchurch and Marlow yielded the list given in the first column :
—

Zone of M.
cortestu-

dinarium,

I

Zone of M.
coran-

guinum.

Taplow
Chalk.

Fish.

Cimolichthys lewesiensis, Leidy
Fish remains

Cephalopoda.
Actinocamax graiivLlatas, JBlainv.

„ sp. C? verus)

Scaphites sp.

Lamellibranchiata.
Inoceramus Brongniarti, Sow.

„ Cuvieri ? Sow.

„ involutus, Sow.
Lima Hoperi, Sow.
Ostrea acutirostris, Niks.

„ normaniana, d'Orb.

„ sp.

Pecten cretosus, Defr. (=Nitidus, Mant.)

„ (Neithea) quinquecosfcatus, Sow.
Spondylus spinosus, Sow.

sp.

Brachiopoda.
Crania egnabergensia, lietz.

„ parisiensis, Defr.

Kingena lima, Defr.
Khynchonella reedensis, Eth.

„ plicatilis, Sow.
Terebratula semiglobosa, Sow.
Terebratulina striata, Wahl.

Bryozoa.

Diastopora sp. -

Entalophora sp.

Escharina sp.

Idmonea sp. ...
Membranipora arborea, d'Orb.

„ normaniana, d'Orb.

„ sp. - - -

Proboscina angustata, d'Orb. -

„ ramosa ? Udw.
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CHAPTEE XVII.

THE UPPER CHALK IN BEDFORDSHIEE, HERTFORD-
SHIRE, AND MIDDLESEX.

General Remarks.

No great thickness of Upper Chalk comes to the surface in

these counties, and along the main escarpment the exposures are

chiefly in the lowest beds (Chalk Rock, etc.). Chalk, however,
is exposed along many of the valleys which open to the eastward

and south-eastward, and in some of these inlying tracts large

quarries have been opened, especially in parts of Hertfordshire and
Middlesex.

There are three deep borings in Hertfordshire which give us

some information regarding the thickness of the Upper Chalk
below the Eocene to the eastward. The first of these is at

Bushey,* and specimens from several horizons in this boring were
examined by Mr. Hill, who found that the sample registered as

coming from 161 to 169 feet down was unmistakably Chalk Rock.
As the site of the boring is in the valley below the Eocene boundary
the total thickness of Upper Chalk below Watford is probably

about 190 feet.

In the boring at Cheshunt the position of the Chalk Rock has

not been determined from specimens, but a rock described as
" chalk rock " was found at a depth of 363 feet, and is stated to be

15 feet thick ; the base of the Eocene is at 102J, and thus there

may be 275 feet of Upper Chalk below Cheshunt.f

The third boring was at Ware,I and here again no sample of

Chalk Rock could be recognised among the specimens examined,

but one from 211 feet down was " a good specimen of Middle

Chalk "
; it is therefore surmised that there must be about 180

feet of Upper Chalk below the alluvium of the river at Ware.

Stratigraphical Details.

Chalk Sock Beds (zoiie of Holaster planus).

Near Tring there are no good exposures of this zone ; its base

is exposed at the Chiltern Waterworks, two miles south-west of

Tring, and in 1884 a small hole had been dug in the

* See Geology of London by W. Whitaker, Mem. Geol. Survey, Vol. ii.

p. 48 (1889).

t See Quart. Journ. Geol. Soc, Vol. 1. p. 508 (1894).

I Op. cit. p. 501.
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wood close by, showing 2 or 3 feet of very hard, compact hmestone,

with some green-coated nodules.

It is also traversed in the shafts leading down to the bell pits at

Hastoe and Northchurch brickj-ards, south of Tring, the hardest

bed being in each case about 1^ feet thick, and known locally as

" hurlock."

When the road was made which leads up the hill north-east of

Berkhamsted Station, three separate beds of Chalk Rock were

exposed, and were seen by Mr. Whitaker in 1863.*

The best section of the rock beds between Tring and Dunstable

is in a quarry and the adjacent road-cutting on Pratt's Hill, east of

Dagnal. Combining the two exposures they give the following

succession :
—

Feet.

Soil and chalk rubble - - 2
/Very hard compact yellowish limestone 1

p, |, Loose nodular chalk, consisting of hard lumps in

V, ^ ? J a very soft matrix 8

R^ 1 ^°^* ^^^^ white pulverulent chalk - 4 or 5
I Hard chalk-rock with a layer of green-coated

\ nodules at top - - 1^
Hard nodular chalk with a few finger-shaped flints 2

It will be seen that the thickness of the H. planus zone here is

about 15 feet. The nodular chalk contains many fossils, and the

following were iound:—Solarielh. gemmata, Spondyhis spinosus,

Rkynchonella plicatilis, Micraster Leskei, Echinocorys scutatus,

Ventriculites impressus, and Gamerospongia campanulata.

A pit near the top of the hill east of Valenciennes Farm, south

of Dunstable, formerly exposed a good section through the Chalk

Rock, but it is now talused and obscured. The following is con-

densed from Mr. Whitaker's account of it.f

Feet.

Chalk with nodular flints above, and three continuous
seams of flint at the base - about 7

Chalk-rock in three beds, with white chalk between
them - - „ 10

Hard chalk passing down into softer chalk 3

On Fiver Knoll Hill, south-west of Dunstable, thei'e is a series

of excavations from which this rock has been quari-ied for I'oad

material, and from these pits Mr. J. Rhodes obtained many fossils

(see list on p. 228).

In the valley of the Ver the rock-beds are exposed in several of

the road-cuttings on the slopes, especially near Alley Green and
Markgate Street, and some fossils may be obtained.

The next good section of these beds is in the cutting on the
Midland Railway south of Luton, and half a mile north of Chiltern

Green Station. For the following account of this section I am

* See Mem. Geol. Survey, Vol. iv. p. 49 (1872).

t Mem. Geol, Survey Vol. iv. p. 50 (1872).
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indebted to Mr. J. Saunders, of Luton, who took careful measure-

ments of it in 1894.
Feet.

Soft white chalk with many flints - -
•

x,

'^^

tq /"Hard .compact cream-coloured chalk-rock with .

•g § green-coated nodules -
j ' ^

oj
s J Lumpy greyish-white chalk, with a few scattered

g-g^j flints, many Micrasters about H
N Hard compact cream-coloured chalk rock with

^ green grains and green-coated nodules - 2

a . (-White chalk, lumpy at the top, but most of it in

^ :^ I thick massive beds, with scattered flints - 25

S r^ 1 Thin seam of buff-coloured marl ; less than • ^ i
f: ^'^ (Massive blocky chalk - - - seen for ij

72

Many fossils have,been iound in the zone of H. planus at this

locality, and a list will be found at the end of this chapter. It will

be noticed that the thickness of the zone is here again 15 feet.

From the valley of the Lea the outcrop of the zone passes north-

ward to the high ridge known as Warden Hill, and thence eastward

into the valley known as Lilley Bottom. Out of this valley it runs

northward again to Great OfHey, and thence eastward toOffley

Holes and Preston.

The lower beds of the rock, for about four feet in depth, are

exposed in a small excavation by the roadside half a mile north-east

of Preston, and from this many fossils have been obtained by Mr.

W. Hill and myself. The upper part of the rock was exposed in

an old quarry near Temple Dinsley House, and the zone here-

abouts appears to consist of two bands of Chalk Eock, each about

5 feet thick, separated by a band of lumpy chalk, the whole
probably from 16 to 18 feet.

Thence the outcrop of the rock has been traced to Hill End
Farm, and Almshoe Bury. Between this and Stevenage the Chalk
Rock is concealed by drift, but it emerges to the north-east near
Chisfield, and can be traced continuously along the escarpment
to Clothall, Wallington, and the country south of Eoyston. The
rock-beds are well exposed in two quarries near Clothall, one north-
east of, and the other half a mile west-south-west of, the church ;

the latter is the deeper, and shows the following section :—

Ft. in.
Clay soil and flints - - - 1

Hard chalk with many flints of various sizes and shapes - 4
^ . /"Hard nodular chalk, rough, lumpy, and cream-
"d-o J coloured, with many fossils - - - - 5

g (§ j
Irregular layer of soft dusty yellowish chalk - - 9

^Chalk consisting of hard lumps in a softer matrix- 4 6

The upper five feet of the rocky chalk contain a few scattered
flints and small pieces of light brown phosphate.

The Chalk Rock has also been quarried in a pit about a third
of a mile north-west of Wallington church, which must originally
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have sliown the base of the rock, but when I saw it in 1884 this was
concealed by talus. Subsequently, however, Mr. Hill made a
trench through this talus, and exposed the base of the rock at a
depth of about 16 feet from the top of the pit. When clear, there-

fore, this section showed :—
FeeU

Nodidar chalk, much weathered, the soft chalk between the
hard lumps crumbling into yello-wish chalk dust. Scattered
flints. Micraster, Holaster planus, &c. - - - 10

Similar chalk (now concealed by talus) - - - 3
Hard yellowish rock, with a few green-coated nodules, much

jointed and broken up--- ---3
Soft white marly chalk with a few flints, the lower part con-

cealed by talus (zone of Terebratulina) - - - - 8

The flints in the nodular chalk are of the carious or cavernous

type, very rough outside, and full of cylindrical holes, which
doubtless once contained the remains of sponges. Nodular chalk

like the above is also exposed in a small pit near Eoe Green.

East of the main outcrop the Chalk Eock borders the inlying

tract of Middle Chalk by Weston, Cromer, and Walkern, in valleys

which drain into the Eiver Bean. It was formerly quarried in a

pit half a mile east of Weston, where in 1884 1 saw 4 feet of nodular

chalk overlying a foot of very hard compact rock with a layer of

green-coated nodules at top, but passing down into tough nodular

chalk with some scattered flints. The rock contained Inoceramus

striatus, Rhynchonella reedensis, Terebratula carnea, Micraster

Leskei and Plinthosella squamosa (identified by Dr. Hinde).

It will be noticed that the thickness and aspect of the rockj'

beds forming the zone of H. planus in these counties vary very

considerably.

List of Fossils fkom the Chalk-Eock Beds in Bedfoedshiee
AND HeETFOEDSHIEE.

A considerable number of fossils have been obtained from some

of the localities where these beds are exposed, as the following lists

will testify. That from Boxmoor is taken from " The Geology

of London " (Mem. Geol. Survey, 1889, pp. 73-74), but the nomen-

clature haa been revised in accordance with the identifications of

Mr. H. Woods (see Quart. Journ. Geol. Soc, Vol. lii. p. 68, and

Vol. hii. p. 377).

The list of column 2 is based on a collection made by Mr. Ehodes

from the pits on Five Knoll Hill, near Dunstable, supplemented

by smaller collections made by Mr. Whitaker and myself at

at Markgate Street and Alley Green.

The third colunm is based on collections from the railway

cutting south of Luton, made by Mr. Ehodes, Dr. Morison, and

Mr. J. Saunders. Nearly all the mollusca in these collections were

peen and identified by Mr. Woods ; most of the other fossils

6821 P 2
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were named by Messrs. Sliarman and Newton, but the Ostracoda

were identified by Prof. Eupert Jones and all tbe sponges in

Mr. Saunders' collection were named by Dr. G. J. Hinde.

The fourth column is a list of the species obtained by Mr. Hill

and myself from the exposures at Preston, near Hitchin, and they

have also been examined by Mr. Woods.
The remaining columns catalogue the species found by Mr. Hill

and myself at localities south-east of Hitchin.

Pisces.

Corax falcatus, Ag. .-

Oxyrhina Mantelli, Ag.
Ptychodus mammillaris, Ag.

„ latissimus, Ag.
Vertebra of fish

Cephalopoda.
Ammonites [Prionocyclus] Neptuni, Gein. -

„ [Pachydiscus] peramplus, Mant.
Baculites bohemicus, Fritsch -

Crioceras ellipticum, Mant. - - - -

Heteroceras reussianum, d'Orb. -

„ sp.

Scaphitea Geinitzi, d'Orb. - - -

Ptychoceras Smithi, Woods - - -

Nautilus sublaevigatus, d'Orb.

Gasteropoda.
Aporrhais Mantelli, Gard. - - - -

Avellana cf Humboldti, Miiller - - -

Cerithium cuckhamsliense. Woods
„ _

Saundersi, Woods - - -

Dentalium turoniense, d'Orb.
Emarginula Sanctae-Catharinae, Passy -

Pleurotomaria depressa, Sow.

„ perspectiva, Mant.
„ Thomsoni ? Tate

Trochus Schliiteri, Woods
Fusus sp. (cast.) - - -

Solariella gemmata, Saw.
Turbo Geinitzi, Woods

Lamellibranchiata.

Area Galliennei, d'Orb.

„ .
sp. - - -

Cardita cancellata, Woods
Cyprina quadrata, d'Orb. - - -

Inoceramus Cuvieri, Sow. -

„ striatus 1 Sow. - - - -

, . sp. (small) - - .

m 5

2

2

2
2

1 I 2 - 5



BEDFORDSHIRE AND HERTFORDSHIRE. 229

3-2

IBM

a

a

Lima granosa, Sow. . . .

„ Hoperi, Sow. " " "
.

Modiola Cottce, Roera. (see Septifer lineatus)-

Nucula, sp. _ -

Ostrea normaniana, d'Orfc. - - -

„ vesicularis, Lam. - -

Pecten pexatus, Woods - - - - -

Plicatula Barroisi, Peron - - - -

Septifer lineatus, Sow.
Spondylus latus, Sow. . . . .

„ spinosus, Sow. - - - - -

Teredo amphisbsena, Goldf. - - - -

Trapezium trapezoidalis, Roemer -

Brachiopoda.

Crania egnabergensis, Retz. -

Kingena lima, Defr. ' -

Rhyachonella Cuvieri, d'Orb.

„ plicatilis, Sow.
'„ reedensia, Eth.

Terebratula carnea, Sow.

„ semiglobosa, Sow.

TerebratuUaa striata, Wahl. -

Bryozoa.

Biflustra carantina, d'Orb. - - -

Cellaria inaequalis, d'Orh. - - -

Eatalophora variegata, d'Orh. ( = virgiila)

„ linearis 1 d'Orb. ( = echinata)

„ sp. - - - -

Eschara royana, d'Orb.

Escharinella baculina, d'Orb.

Crustacea.

PoUicipes glaber, Roemer
Crustacean claw - • -

Bairdia subdeltoidea, MvMit.

„ harrisiana, Jones
Bytnocypris Brownei, Jones -

„ rcEmeriana, Jones

„ silicula, Jones -

Cythere harrisiana, Jones

Cythereis auriculata. Com. -

„ lonsdaleana, Jones

„ ornatissima, Reuss

„ quadrilatera, Boem.
„ si)inicaudata, Jones

„ triplicata, Roem. -

„ tuberosa, Jones
Cytheridea perforata, Roem. -

Cytherella ovata, Roem.
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Cytherella muensteriana, JRoem. -

„ williamsoniana, Jones
Cytlieropteron alatum, Bosquet

„ concentricum, Reuss.

„ pedatum, Marss.

„ sphenoides, Reuss. -

„ umbonatum, var. aoanth optera

Macrocypris concinna, Jones -

Annelida.

Serpula fluctuata, Sow.

„ granulata, Sow.

„ ilium, Sow.

„ plexus, Sow.

Echinodermata.
Bourgueticrinus sp.

Cidaris (plate and spine')

Cyphosoma coroUare, Klein

„ radiatum, Sorig.

Echinocorys scutatus, Leske

Goniaster sp. (ossicle)

Holaster planus, Mant. -

Micraster corbovis, Forbes -

„ Leskei, Desm.

„ prsecursor, Rowe -

Pentacrinus Agassizi Hag. -

Actinozoa,

Parasmilia centralis, Mant. -

Spongida.
Camerospongia campanulata, T. Smith

,, sp. nov.

Cephalites perforatus, T. Smith -

Guettardia stellata, Mich. - - ,
-

Placotrema cretaceum, Hinde
Plocoscyphia convoluta, T. Smith

„ flexuosa, Mant.
sp. - - - -

Polyjereasp. - - - - -

Porochonia simplex, T. Smith
Tremabolites perforatus, T. Smith
Ventriculites alcyonoides, T. Smith

„ angustatus, Roemer
„ impressus, T. Smith
„ mammillaris, T. Smith -

„ decurrens, T. Smith

„ radiatus, Mant.
Verrucocoelia tubulata, T. Smith

For the Foraminifera, see General List at end of this volume.
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Zones of Micraster cortestudinarium and
M. coranguinum.

There are a large number of chalk pita in the counties of Bedford
Hertford, and Middlesex which neither Mr. Hill nor myself have
had the opportunity of visiting, and, so far as we know, few of

them have been well searched for fossils, except the pits near

Rickmansworth and Watford, from which collections were made
by Mr. J. Rhodes for the Geological Survey in 1888. Some notes

of the chalk seen in these quarries and cuttings were taken by
Mr. Rhodes, and were published in the Memoir on the " Geology
of London," Vol. i. p. 77 (1889).

In that memoir it was suggested that the zone of Micraster

cortestudinarium was exposed in some of these exposures;

Mr. E. T. Newton has re-examined the Micrasters obtained from
them, and confirms the existence of M. cortestudinarium at

three places, though some of the others are more correctly

referable to the M. prcecursor of Rowe. On the other hand,

the presence of M. coranguinum and Galerites albogalerus at

several places leads us to think that most, if not all, are in the

zone of M. coranguinum, for it is now known that M.
cortestudiriarium ranges into the higher zone.

The large quarry at Harefield Cement Works, about three

miles S.S.W. of Rickmansworth, exposes a fine section of Chalk
and Eocene, about 60 feet of each being seen ; the chalk is in

regular beds,with frequent layers of solid flint nodules, but fossils

were not abundant. Small pits in similar chalk on the west side

of the Colne yielded Micraster prcecu/rsor and Galerites albogalerus

with a few other fossils.

At the north end of Harefield Park Mr. Rhodes found another
fine section of chalk in a large quarry, which he estimated as

80 feet deep. The chalk of the lower 20 feet is rather harder

than that above, but does not otherwise differ; layers of flints

occiu" throughout, and many of them are cavernous, containing

Doryderma ramosum and other sponges. There are also some
tabular flints (? continuous layers of flint). The only determinable

Micraster is referable to prcecursor. \

A quarry by the side of the canal, a mile and a half south-west

of Rickmansworth, is about 60 feet deep in chalk, with many
cavernous and spongiferous flints. About 40 feet above the

floor an Ostrea (? acutirostris) occurred abundantly, with many
fragments of a large Inoceramus.

At Rickmansworth, about 12 feet of chalk is exposed in the

cutting by the goods yard, and in a cutting to the eastward, by
Croxley Hall, a ditch by the side of the latter yielding many Cidaris

spines and Micrasters ; among the latter both M. coranguinum, and
M. cortestudinarimn occur. M. cortestudinarium was also obtained

|rom the floor of a ballast pit, two miles east of Rickmansworth.
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The cutting on the railway between Watford Junction and
the tunnel to the north-west shows chalk with many flints, 90

per cent, of which are hollow and spongiferous. From chalk

thrown out of the shaft near the southern end of the cutting Mr.

Ehodes found a few fossils and obtained some others by washing

the material in the hollow flints.

A large quarry between Watford and Bushey shows chalk which
is probably higher than the last ; its depth is about 60 feet, the

higher part being '"yellow-banded chalk, pieces of which are very

hard," the lower part white chalk ; layers of solid flints occur

throughout. The fossils include Galerites albogalerus, Micraster

corangwmum, and M. cortestudinarium,, all coming from the

lower half of the section.

In a pit at Letchmoor Heath, south-east of Aldenham, the

chalk resembles that of Bushey. In Berry Wood, west of Alden-

ham, there appears to be chalk like that of Watford ttmnel, for

Mr. J. Hopkinson describes it as " abounding in the remains of

sponges, surrounded by mere shells of flint, and containing spicules,

foraminifera, and even polyzoa beautifully preserved."*

North of Aldenham there are four pits, in all of which a small

oyster, resembling Ostrea acutirostris, is the commonest fossil.

The only section in the higher part of the Upper Chalk of Hert-

fordshire which I have personally seen is that in a large quarry

more than half a mUe east of Stevenage.

When seen in 1884 this showed a face of chalk some 50 feet in

depth, with an inner pit going a further distance of about 20 feet.

The whole consists of soft white chalk, with frequent layers of ,

flints, one set of nodules being of large size, but those in the lowest

beds are smaller. I was informed that the well at the foreman's

cottage was sunk 135 feet, and deepened by 5 feet subsequently,

in a dry season, the chalk at the bottom being very hard ; this

was probably the Chalk Rock, so that the lowest beds seen in the

quarry are 60 or 70 feet above that rook. Terebratula carnea

is the commonest fossil, but I also obtained from the workmen
Micraster prcecursor and the gibbose variety which so closely

resembles Epiaster gibhus.

In 1886 a well was simk at a spot about a quarter of a mile

east of Stevenage church, and the folloAving particulars of the
beds traversed were obtained by Mr. W. Hill :

—

Feet.
White Chalk with flints - - - - - - 112
Chalk Eock (sample seen) - - - . . . 3
White Chalk 10

125

Proc. Geol. Assoc, 'Vol. ii. p. 44 (1871).
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The following is a revised list of the fossils collected by Mr.

Rhodes from the pits above described. It is also rearranged

from the original lists, and the references to localities are as follow :—

1. Harefield, Harefield Park, Troy Farm, and Wheyherds.
2. Quarries south-west of Eickmanaworth.
3. Quarries at and east of Rickmansworth. » «

4. Watford and Bushey.

5. Quarries near Aldenham.
6. Two quarries near Shenley.

"
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Sparsicava carentina,- d Orb.

Stomatopora ramea, Blainv.{='Pioh. raiuosa,^c2tc.)

Truacatula alternata, d'Orb. - - - - -

Viaciilaria ap.

Annelida.
Serpula graaulata, Sow.------

„ ilium, Goldf.

„ plexus, Sow. ------
„ proteus ? Sow.

» sp. - -

Terebella lewesiensis, Dairies - . . .

Crustacea,

PoUicipes glaber, Roemer

Actinozoa.

Caryophyllia cylindracea, Eeuss
FarasmiUa sp. ...

Echinodermata.
Bourgueticrinus ellipticus. Miller -

Cidaris clavigera, Eonig
„ perornata, Forbes

„ sceptrifera, Mant. -

„ subvesiculosa, d'Orh.

„ sp.

Echinocorys scutatus, Leske -

Qalerites albogalerus, Leske -

Goniaster (ossicles) - - -

Metopaster Parkinsoni, Forbes -

Micraster coranguinum, Leske

„ cortestudinarium, Goldf.

„ praeciu-aor, Bowe -

Oreaster sp. - - - -

Pseudodiadema (Spine) ...
Spongida.

Doryderma ramosum, Mant.
Guettardia stellata, Mick. -

Porosphaera urceolata, lam. -

„ Woodwardi, Carter -

„ sp. ....
Thamnospongia sp. - - -

Ventriculites impressus, T. Smith

Foraminifera.
Cristellaria rotulata, Lam.
Lituola nautiloide3,Z>e/r.

4
4

4
4
4
4
4

4
4

4
4

4
4

4
4
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CHAPTER XVin.

THE UPPER CHALK IN CAMBRIDGESHLRE, ESSEX.

AND STJPFOLK.

Very little is yet known about the Upper Chalk of these counties,

partly because they were surveyed before the value of the zonal

divisions of the Chalk was understood or appreciated in England,

and partly because so much of the surface of the Chalk is covered

and concealed by the glacial deposits. Hence the area is not an

attractive one for zonal exploration, but no doubt something

might be made of it by anyone who chose to examine it specially

for this purpose ; thus, the frequent layers of flints would doubtless

serve to distinguish the Micraster zones from those of

Marsupites and Actinocamax quadratus in which fliats are few

and scattered.

Even the outcrop of the Chalk Rock has not been followed

continuously. It was not mapped at all by the Geological Survey

within the area of Sheet 47, and was only followed in Sheet 51

as far as Stetchworth, but Mr. H. Woods of Cambridge has

since traced it as far Higham between Newmarket and Bury St.

Edmunds.*
The remarkable flexure which is disclosed by pits iu the Chalk

Rock near Roystohhas been mentioned in Vol. II. 469.

The total thickness of the Chalk at Combs, near Stowmarket,

as recorded by Mr. P. Bruff from a boring made there in 1855,-t-

is 817 feet, of which 504 feet is said to have been through " chalk

with flints." In a recent boring at Stutton, near Ipswich, the

Chalk was entered at 70 feet from the surface, and the base of

the Middle Chalk was found at a depth of about 800 feet, so that

the Upper and Middle Chalk were about 730 feet thick, and of

this probably about 500 should be assigned to the Upper Chalk. -

Zone of Holaster planus (Chalk Rock, etc.).

In Essex the zone of Holaster planus presents the same facies

as in Hertfordshire, but in Cambridgeshire only the lower rock-

bed remains and the upper part of the zone consists of ordinary

white chalk with numerous flints and without any hard beds.

This facies of the zone has a thickness of at least 25 feet.

* Since the above was written, search for fossils has been made by the
Eev. E. Hill, Mr. G. W. Hewetson and others j the results were published

in Proc. Geol. Assoc, vol. Tcviii, p. 85, and are incorporated in this chapter

t Proc. Inst. Civ. Eng., Vol. xix. p. 42,
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-The Chalk Eook first comes within the influence of the

flexure above mentioned at Therfield, a village which is really in

Hertfordshire, about two miles west of Eoyston. Here a pit, three

furlongs north of the church, exposes a few feet of soft (Middle)

chalk overlain by hard compact limestone (Chalk Eock), which

dips northward at about 15deg. There is another small pit,

half a mile south-west of the church, which also shows the same

rook, but there it is horizontal, or nearly so ; from this exposure

I obtained Parasmilia centralis, Rhynchojbdla plicatilis (large),

Terebratula semiglobosa, Spondylus spinosus, and the cast of a

Turho (probably Gdnitzi).

The next section is a quarry on the east side of the main

road, two miles south of Eoyston, and a mile north of Eeed. This

is represented in Kg. 124, taken from a sketch by Mr. Penning.*

Fig. 57.—View of the Chalk-pit north of Keed.
Feet.

Eock
Beds.

18

10
2

a. Boulder-clay with hard crystalline chalk beneath.

6 b. Upper Chalk, with layers of flints, and a continuous layer

or floor of flint (dipping N. at 21 deg.) at -

(Hard compact cream-coloured nodular chalk with

many fossils about

Rough whitish chalk with a few scattered flints in

the lower part

Hard nodular cream-coloured chalk

d. Middle Chalk.—Firm white chalk with a sparse layer of

flints at the top, curving till nearly horizontal.

Another interesting section is shown in a pit at Newsells Bury,

half a mile north of Barkway, where the anticline is more pro-

nounced, and the beds curve over till they dip at 60° to the north.

The succession here in 1877 was as follows :

—

Feet.

Upper Chalk.—Soft white chalk with scattered flints - 6

Oh lir
(^^^i cream-coloured nodular limestone - - 2

^naiK I

j^^ijyy whitish chalk with a thin laj'er of whitish

T, J ] marl -- - ---?12
®

[ Hard cream-coloured nodular rock ; many fossils

Firm white chalk - - - - ?

2i
5

I

* See " Geology of the 'N.W. part of Essex," Mem. Geol. Survey, 1878

8 ; also H. B. Woodward, Quart. Journ. Geol. Soc, vol. lix., p. 362, and
'roc. Geol. Assoc, vol. xviii., 1003.
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The rook-beds are also seen at Barley (Smyth's End), where
they dip north-west at about 40°, and again near Heydon, where
they are dipping at about 25° a little west of north. Beyond
this the flexure has not been traced.

The Ohalk Eock is exposed by the roadside half a mile east

of Little Ohesterford, and better in a quarry S.S.E. of the farm
called Great Ohesterford Park, where the section recorded by
Mr. Penning is as follows :

—

Feet.

5. Chalk with flints dipping slightly to S.E. - - - - 6
4. Eubbly lumps of yellowish crystalline chalk set in a")

marly matrix with fossils and phosphatic nodules.

3. Marly chalk . - - ....
2. Hard crystalline chalk, passing down into - - -

1. Soft chalk with few flints - - - - - 10

^2-5

Cambridgeshire,—^North of Ohesterford no good exposures were
found till we reach a pit by Oarleton Grange, N.N.E. of

Balsham, where the Ohalk Rock, about 3 feet thick, forms the

roof of several tunnels which have been driven into the Middle

Chalk below it.

The quarry at the Limekilns, just north-west of Balsham, is

above the rock-bed, and appears to represent the upper part of the

H. planus zone. 'It is about 16 feet deep, in soft white chalk, with

several layers of flints, which' are black inside and enclose some
fossils (Cidaris, Spondylus spinosus, etc.). Mr. Allen also obtained

many Micrasters, and Mr. E. T. Newton informs me that a re-ex-

amination of these shows that most of them belong to the form
now called M. Leskei, but that one of them is a good specimen of

M. corhovis.

There is another quarry to the northward, and half a mile

north-west of West Wratting, which is in similar chalk, and this,

too, has yielded M. Leskei and M. precursor, but not M. corhovis.

It has also been quarried three-quarters of a mile south-west

of Westley Waterless, where the following section was seen :

—

Feet.

White chalk with flints 8

Chalk Rock.—Compact yellowish limestone, much broken up,

but upper surface clearly marked - - - - about 3

White chalk with a few scattered flints.

The next exposm-e is a quarry by Underwood Hall, north-west

of Westley, but no Ohalk Rock limestone exists here, and the

characters of the chalk are so different that one would hardly

suppose the beds to be on the horizon of the Ohalk Rock, were

it not that they are fossiliferous, and contain the same fauna.

A brief note of this section was published in the ". Geology of the

Neighbourhood of Cambridge "
(p. 68), but Mr. H. Woods has
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kindly supplied with me more accurate measurements, taken
by him in 1899. These are as below :—

Ft. in.

(White chalk with many flints in somewhat
irregular layers 16 3

Lumps and (Uscontinuous layers of very hard
chalk embedded in soft chalk, with a few flints.

.,^ Many fossils - - - . -

fSoft chalk with a few flints

Continuous layer of flint

Chalk with occasional flints

Continuous layer of flint -

Soft white chalk in thick beds, with occasional

flints, to floor of quarry

6
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Mr. Woods also found the rook-bed exposed in a pit about

a quarter of a mile west of Upper Higham, the section showing :

—

Feet.

Chalk (inaccessible) - -- --3 to 4

Chalk Eock passing down into lumpy chalk - - 2i
Soft white chalk with few flints ; Holaster planus,

Micr. corbovis, Spondylus fpinosus - 64
Continuous layer of flint 1 to 2 inches thick-

Soft white chalk with flints - - - seen for 7

About 20

The railway cutting east of Higham Station, and a large pit by
the road to Bury, near by, show chalk with Holaster placenta and

Micraster which were submitted to Dr. Eowe, who refers them to

the upper part of the zone of Holaster plam,us.

Zone of Micraster cortestudinariuiu.

This zone is probably represented in some of the overlying

chalk, but no exposm-es have been found which can be referred

to it with any degree of certainty.

The chalk exposed in a small quarry near Little Saxham pro-

bably belongs to this zone ; Mr. Woods found here spines of

Cidaris clavigera and many fragments of a large Inoceramus.

Zone of Micraster coranguinum.

Essex. In the valley of the Cam there are several pits near

Saffron Walden and Littlebury in chalk, with layers of flints.*

From the hme-kiln half a mile north of Saffron Walden the

following fossils were obtained :

—

Epiaster gibbus, Micraster

prceewrsw, Cidaris serrifera, Echinocorys scutatus, and Ino-

ceramus Guvieri, species which seem to indicate the M. coran-

guinum zone. From another pit half a mile east of the town the

following were obtained from the workmen :

—

Coscinopora quincuncialis. I Cidaris sceptrifera.

ParasmUia centralis. Actinocamax 1 (broken).

Bourgueticrinus dlipticua. I
Scapanorhynchus rhaphiodon

Cambridgeshire. The chalk near Shudy Camps has yielded

Micraster coranguinum, and Galerites subrotundus, f and Mr.

H. Woods informs me that Infulaster excentricus was also obtained

by Mr. J. Carter from that locality.

The shaft and boring at the Town Waterworks of Shudy

Camps are 255 feet deep, and the following information

* See Geology of the North-West part of Essex (Sh. 47), Mem. Geol,

Survey, pp. 10, 11 (1878).

t See Geol. Mag. for 1891, p. 116.
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respecting them is from Mr. J. Ingold, who made the well,

which was dug 103 feet and bored 152 feet :—
Feet.

Loam and boulder clay to 25
Chalk and clay - - - - - - 3
Chalk with flints -....-.. 227

255

Suffolk In the south-east ot Suffolk this zone is almost
entirely concealed by Glacial deposits, but is exposed in several
quarries near Bury St. Edmunds. I had surmised that the chalk
of Bury belonged to this zone from the geographical position of

the town,- but had no proof of it till this year (1902), when, at

my suggestion, the Kev. E. Hill, Rector of Cockfield, was kind
enough to obtain fossils from one of the pits. These confirmed
my surmise, and I am indebted to Dr. A. W. Rowe for his

opinion as to the zonal position of the fauna obtained.

The quarry visited by Mr. Hill is south-west of the town, and
the chalk is burnt for lime. Mr. Hill has furnished me with the

following description of the section—the pit is about 35 feet

deep, and the succession is as follows :

—

Feet. In.

Soil and chalk-rubble - 2
Chalk, with a few scattered flints - - - - 6 -

Flints in line, but widely separated, up to 6
Chalk, with a few scattered flints - - 6 -

Flints in line at irregular distances, up to 8

Chalk without flints, seen for - - - 20 -

The flints are black inside with a thin white cortex, seldom

more than ^"^ of an inch thick ; some of those in the lower plane

are large, massive, lenticular flints, from 12 to 18 inches long.

The fossils found were the following :

—

EcMnocorys scutatus. Thecidium WetherelU (common).
Micraster coranguinum. Ostrea vesicularis.

„ „ var. gibbosa. „ normaniana.
Terebratula semiglobosa. Plicatula sigillina.

Dr. Rowe, to whom the Echinoderms were sent for examina-

tion, informs me that they belong to varieties which are

characteristic of the middle part of the zone of M. coranguinum.
Some of the Micrasters are short, gibbous and conical, strongly

resembling Epiuster gibbus, except that they possess a decided

subanal fasciole ; Dr. Rowe regards these as merely a variety of

M. coranguinum, but M. Lambert includes them in his

M. senonensis together with the non-fascioled forms usually

known as Epiaster gibbus, considering the presence or absence
of a fasciole as of small importance.

Another quarry, about a mile north-east of Bury, on the road
to Ixworth, was visited by Mr. Hill, and found to show about 15
feet of chalk with two layers of flints, but no fossils were
obtained.
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Dr. Wheeflton Hind has kindly allowed me to examine some
tossils which he obtaifled some years ago from a chalk-pit at
I'akenham, a viUage 4^ miles E.N.E. of Buiy, and I identified
the foUowmg species, which show that this locality comes
withm the same zone :

—

Echinocorys scutatus. Spondylus spinosus.
Micraater coranguinum. „ latus.
Epiaater gibbus. Plicatula sigillina.
Galerites albogalerus, Thecidium Wetherelli.

About 1| mile N,E, of Pakenham, and the same distance S.E.
(Sf Xxworth,. on the road to Stowlangtoft, is a quarry which
Mr, Hill has visited, and of which he gives me the following
aecount—-this is an extensive but shallow excavation, usually
only 10 feet deep, but sometimes worked to 14 feet ; from it

Caves are tunnelled into the chalk, and one of them is as much
as 30 feet long. The chalk is very white and soft, and there are
a few flints scattered irregularly through it, with a layer of flints

about 10 feet from the surface ; some of the latter are large and
of irregular shape Up to 2 feet in length. Mr. Hill found a few
fossils which appear to belong to the following species, though
the Echinoderms are much crushed, and I am indebted to Dr.
Rowe for assistance in their identification :

—

Micraster coranguinum ? Kingena lima.
Galerites albogalerus 1 (young). Ostrea vesicularis.

Cidaris sceptrifera. Inoceramus sp.

Scalpellum maximum.

The test of the Micraster is very thin, and the beds probably
belong to the highest part of the zone.

» South of Fornham All Saints is a large chalk pit, of which
Mr. Blake observes that it shows " about 20 feet of chalk,

containing flints irregularly interspersed," and two thin con-

tinuous seams of flint, hut no fossils are recorded.*

The chalk which has been in former days so largely quarried

to obtain flints for the maldng of gun-flints at Brandon and
Lingheath belongs in all probability to the zone of Micraster

coranguinum, but though Mr. Skertchly obtained useful accounts

of the succession of beds of chalk and flint proved in the excava-

tions, he only records a single fossil from them, and that is Echino-

corys scutatus, a species which has little zonal value.

My reasons for believing these beds to be referable to the zone

of M. 'coranguinum are, (1) their position to the eastward of the

outcrop of the Middle Chalk
; (2) their alignment with the chalk

of Bury, now known to belong to this zone
; (3) the pre-

valence of large flints and of thick continuous floors of flint

;

(4) the fact that in at least one layer the flints have a banded

crust. It is possible, however, that the lowest part of the series

* Geology of Parts of Cambridgesliire and SuflFolk (Expl. of Sh. 51 N.E.,

p. 47).

6821 Q
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•'•;,%•'•.:: vS^\¥i'KKvi-;^S^J4 ^- ®*°'^ *""1 gravel

Ft. in.
• 2

irr/-^

/^A

2. "Dead lime" or recoastmcted chalk, in which the
flints stand edgewise or on end . . - . 5

8. Solt white challt of the ordinary character i

i. "Horns," an irregular layer of flints which are
nearly all small and finger-shaped. The thickness
is Included in the following :

—

6. Soft white chalk 36

6. " Toppings," the first regular layer of flint almost
continuous, knobby on the tup, fiat at the base,
breaking in lengths of a foot or less - - - 5

7. Soft white chalk, as before 40

8. First pipe-clay, or seam of marl - - - 4
9. Hard, white, sub-crystalline, chalky limestone,

which rings under the pick and has to be worked
out from the joints L

10. " Upper Ci ust Mints," generally separate, round,
and lumpy ; nearly always grey inside ; crust
thick and double, often parted by a thin layer of
flint. Only used as buildin j; stones ~ - - 8

11. Soft white chalk - - 10
12. Second pipe-clay or marl seam - - 2
13. Hard while chalk, one jointless bed • - 10
14. Soft white chalk - - - 2
15. " WaU Stone," a continuous floor of black flint, with

'' paps" or knobs above and horn-like projections
below, which are sometimes a foot in length - 1

16. Very soft chalk, so full of '' horn " flints that the
pick can hardly be used ; often stained yellow - 2 6

17. Soft white chalk - -26
18. Third pipe clay - ... 02

19. Hard white chalk .... -80

20. " Floor stone," generally cimtinuous, but sometimes
in ovoid masses, which are called " heel-pieces "

;

black but often grey in the middle : the bed from
which the best guu-flints are made. - - 8

21. Soft white chalk, sometimes containing large

flints 7

22. Hard white chalk .... - . 1

23. "Bough and Smooth Blacks;" large separate
black flints in hard chalk - - . -

24. Soft white chalk.XXJ>i((
"

=^'—1:-
Fig. 58.—Section at Lingheath, Brandon (S. B. J. Skertchly).



CAMBRIDGE, ESSEX AND SUFFOLK. 243

may belong to the zone of M. cortestudinarium. The account
opposite is taken from pubHshed Survey Memoirs, and was
obtained entirely by Mr. S. B. J. Skertohly. *

Shafts and pits for exti-acting fiiats were made on Icklingham
Heath at a spot about a mile and a half north of Icklingham
St. James, also at Elvedon, at Lingheath, south of Brandon,
on Santon Downham Warren (east of Brandon), and at Grimes
Graves (north of Brandon), the distance between the first and
last locality being about 8J miles. Throughout this district

the same succession of flint beds could be recognised in every
excavation ; each bed of flint has its own particular characters,
and was given a special name by the workmen. This general
succession is shown in Fig. 124, which is that of the Lingheath
Pits. They were seldom deeper than 45 feet.

Some variations of course occur in the thickness of the individual
beds of chalk at different places, and consequently in the distance
between one layer of flint and another, also in the size of the flints

and in the thickness of the flint floors. Thus at Icklingham,
according to Mr. Ashley, who worked the pits there, the
" Toppings " varied from 5 to 12 inches, the " Upper Crusts

"

from 6 to 18 inches, the Wall Stone from 12 to 18 inches, and the
floor stone from 3 to 12 inches. But the quality of each flint bed
—that is to say, its texture, colour, and mode of fracture—seems
to be almost invariably the same. Moreover, the three layers of
marl and the bed of hard chalky limestone below the first one
occiu- in the same order wherever they have been traversed.

Mr. Skertchly mentions that the " floor stone " was found 7 feet

below the surface in sinking a well at Shakers Lodge, on Wangford
Eabbit Warren, which is important as indicating the probable
line of outcrop of the above series. A chalk-pit close to the lodge
of Elvedon Park showed some of the above-mentioned beds in 1875,
as noted by Mr. Skertchly.

Ft. in.

Sand 0-3
White chalk with scattered horns flints 11
Pipe-clay marl 4
White chalk - - 3
Upper crust flints, large and irregular 8
White chalk 4 6
Wall stone (flints) 1

White chalk - 4

A specimen of Echinocorys scutatus was found here.

Zone of Marsupites.

The existence' of this zone in Suffolk has only recently been

proved and recorded f by means of fossils sent to me by the

* See Geology of S.W. Norfolk and N. Cambridgeshire, being the
Explanation of Sheet 65, p. 42 (1893;.

t See Proc. Geol. Assoc, vol. xviii. p. 88.

68ai Q 2
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Rev. E. Hill and Dr. Holden, of Sudbury. Plates of Uintacrinus .

have not yet been found, but there is good reason to believe that

the lower part of the Marsupites zone is represented in the chalk

which is quarried at and near Sudbury. One quarry to the

north-east of the town is worked to a depth of about 50 feet in

chalk which is white, soft, and contains very few flints ; from it

Dr. Holden obtained fossils which belong to the following

species:—

Lamna appendiculata. Ostrea vesicularis.

Oxyrhina sp. „ semiplana.

Actinocamax granulatus. Pecten cretosus.

„ verus. Lima Hoperi.

The Actinocamax were sent to Dr. Eowe, who kindly wrote to

the effect that the specimen of A. granulatus, with its scanty and
somewhat feeble granulation, was such as he would expect to

occur in the zone of Marsupites and that the example of A. verus

was similar to those coming from the Uintacrinus band of that

zone, in which it is a common fossil. He was consequently of

opinion that the Sudbury chalk probably belonged to the band

or sul>zone of Uintacrinus.

The probability of this reference being correct is greatly

increassd^by the discovery of a plate of Marsupites at Monks
Eleigh, a village about 7 miles N.E. of Sudbury. This plate was

found by Mr. E. Hill, who sent me the following particulars :

The chalk pit from which the fossils came is in " Back Lane " on

the south side of the brook ; it has a face about 8 feet high and

20 feet long, and the chalk is soft, white and damp ; the only

flints visible were one or two isolated nodules ; fossils are very

scarce and the only organisms found beside the single plate of

Marsupites testudinarius were a small Ostrea, fragments of

Inoceramus and Porosphcera globularis.

From Monks Eleigh the outcrop of the Marsupites zone

probably runs northward by Brettenham, Felsham and Elmswell,

but that district is deeply covered with Glacial beds, so that no

evidence is obtainable. Further north, however, the chalk comes

to the siorface again in places, and it has been quarried near

Wattisfield and Botesdale. No fossils have yet been recorded

from these pits, and the only information I have been able to

obtain is that published in the Survey Memoir on the country

round Diss, Eye, &c. (Explanation of Sheet 50 N.W.), from which
the following is quoted :

—

" Chalk is shown in the valley at Wattisfield and Botesdale.

About 1^ miles north-west of Wattisfield Church is a pit showing
8 feet of soft marly chalk, with few flints. ... At Botesdale,
west of Broom Hills Farm, is a pit showing 14 feet of soft chalk,

with a few flints. . . . Due ngrth of the church, and close

by the road, is a large chalk-pit, showing 20 feet of marly and
rubbly chalk, overlaid by patches of gravel. A layer of flints in
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the lower half t)f the pit showed a local anticlinal disturbance, the
flint line being bent up on one side to an anj^-lf; of 45°.

" Near Hindefclay, one mile west of Eickinghall Inferior Church,
a large pit showed 50 feet of soft rubbly chalk, with few flints,

and with a line [seam] of tabular flint slightly undulating."

At Diss a deep boring was made at Mr. Taylor's brewery in

1834. Of this two accounts exist, both of which are given in the
Memoir above quoted (pp. 23 and 24). They do not diflter much,
and I quote below the one which seems most probable ; this is the
account communicated to Samuel Woodward, of Norwich.

Feet.

Blue clay with shells - 50
Sand and gravel - - 50
Chalk nearly white without flints - • 80
White chalk with layers of flints - - 350
Grey chalk with layers of white chalk - 60
Blue clay, with chalk stones - 25

615

In the other account 100 feet is assigned to the white chalk

without flints, which is described as soft and marly ; this may
possibly belong to the zone of Marswpites, as long ago suggested by
Dr. Ch. Barrois (Eecherches, p. 166). The " chalk with flints

"

would then include the zones of Micraster coranguinum, M. cor-

testudinarium, Holaster planus, and Terebratulina. The grey

chalk probably represents the zone of Rhynchonella Cuvieri.

Respecting the blue clay. Dr. S. Woodward has left a note that
" from the specimen this appeared to be Chalk Marl," but this

specimen may have come from the Belemnite Marl at the top of

the Lower Chalk.

Zone of Actinocamax quadratus.

The most westerly pit in the South of Suffolk which can be

referred with any probability to this zone is at Nedging near

Bildeston and two miles east of Monks Eleigh. This was visited

by Mr. E. Hill who found and sent me a well-granulated

specimen of Actinocamax granulatus, stating that the pit is over

20 feet deep and that no flints were visible in the exposed face

but a few were lying on the floor of the pit. The only other

fossils obtained were Ostrea acutirostris and Bourguetix^rinvs sp.

(cylindrical). The chalk here nmst be on the confines of the

Marsupites and Act. quadratus zones.

In the valley of the Gipping, near Needham Market, there is

also chalk with very few flints, and as Actinocamax granulatus

has been found at one locality, the chalk here doubtless belongs

to the zone characterised by that species. The following notes are

reprinted from the Geological Survey 'Memoir on the " Geology

of the Neighbourhood of Stowmarket," and are by Messrs. J. H.

Blake and F. J. Bennett.
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" Barking chalk-pit, soutli of Needliam Market, is a large quarrj*.

There are hardly any flints to be seen in the chalk here." The
following fossils were found by Mr. Blake and named by Mr.

Etheridge :
—

Actinocamax granulatus.
|

Ostrea acutirostris.

Inoceramus mytiloides 1 I Retepora 1

„ (larger sp.).
|

" The large chalk-pit about half a mile south east of OfEton

Church shows about 50 feet of marly, blocky chalk, rather soft,

with few flints, and dipping slightly north-eastward."

There are other pits in similar chalk near Little Blakenham.
" Coddenham ohalk-pits, a mile N.N.W. of the church, give

fine sections, and Mr. Blake got a few fossils here." These were

identified by Mr. Etheridge as AvicuJa sp., Ostrea acutirostris ?,

0. normaniana, 0. semiplana, and Terebratula semiglobosa.

There is " a large chalk pit on the high road south-west of Claydon
Church," which Mr. Whitaker describes as showing " bedded

chalk, almost flintless, 50 feet or more," and containing " small

species of Ostrea, as at Needham Market."

About two miles further south, at Bramford, is another large

quarry, for particulars of which I am indebted to Mr. G. H.
Hewetson, of Ipswich ; this quarry on its eastern side presents a

face of about 130 feet in height; the chalk is white where not

stained j-ellow by infiltrated colouring matter ; it is soft but firm,

and is without flints except for one layer about 110 feet from the

surface. Many fossils have been obtained from this quarry by

the members of the Ipswich Scientific Society, and those sent to

'ne for identification were the following :

—

Lamna appendiculata. Spondylus laous.

Belemtiitella lanceolata 1 Inoceramus sp.

Actinocamax granulatus. Serpula sp. (5-angled).

Ostrea curvirostris. EcMnocorys scutatus.

„ normaniana. Offaster pillula.

„ vesicularis. Ccelosmilia granulata.

Pecten cretosus.

Mr. E. M. Brydone has also collected from Bramford and has

kindly sent me a note of some additional species which are in-

corporated in the list on p. 247.

Zone of Belemnitella Mucronata.

No good evidence of the existence of this zone in Essex or in

Suffolk is yet forthcoming. In the explanation of Sheet 47 of the

Geological Survey Map (p. 22) it is stated that Bel. mucronata

occurs in the chalk below the Reading Beds at Bishops Stortford,

but this requires confirmation ; it may have been Actinocamax
granulatus, which has elsewhere been mistaken for Bel. mucronata.

It is very likely that this zone does occur beneath the Drift and
Crag to the east of Debenham (in Sheet 50 S.E.), but there are
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very lew exposures in that district, the only one noted in the Survey
Memoir on that sheet being an old pit at King's Hill, south of Earl

Soham. At Easton Park a boring made in 1873 is said to have
found chalk at 100 feet from the surface, and to have been carried

to a total depth of 550 feet, but no particulars respecting the chalk

are preserved {op. dt. p. 50).

Fossils from, the Upper Chalk of Cambridge, Essex and
Suffolk.

The following list of fossils from these counties has been compiled

partly from the hsts given in the Memoirs of the Geological Survey,

but mainly from the paper referred to on p. 235. The first

column includes species foimd in the Chalk Rock Beds ; the second

those from the higher part of the H. planus zone in Cambridge
and Suffolk. The letter e=Essex, c=Cambridgeshire, s=Suffolk.
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CHAPTER XIX.

THE UPPER CHALK IN NORFOLK.

General Description.

The Upper Chalk of Norfolk has been much more thoroughly

explored than that of Suffolk. Several active geologists lived at

and near Norwich during the first half of this century, and one of

them (Samuel Woodward) pubhshed in 1883 " An Outline of the

Geology of Norfolk," in which he divided the formation into four

parts, namely, (1) Upper Chalk with many flints
; (2) Medial

Chalk, with few flints
; (3) Lower Chalk without flints

; (4) Chalk

Marl ; and at the same time he showed on a small geological map
the extent of ground occupied by each of these several divisions.

C. B. Rose (1835-1869) followed in S. Woodward's footsteps,

and always maintained the propriety of the arrangement into

Lower, Medial, and Upper Chalk, pointing out that certain fossils

are characteristic of each division.* From the descriptions given

it is clear that their Upper Chalk included all the chalk in which
Belemnites are common, i.e., the zones of Ostrea lunata, Bel. mucro-

nata, Act. quadratus and Marsupites. The chalk of the M. coran-

guinum zone— that in which many Inocerami and the two species

of Infulaster occur is referred to the " Medial Chalk," and it is

correctly stated that in this division, which includes all the rest of

the chalk with flints, Belem/nites and Ammonites are rare.

Dr. Barrois explored the northern border of Norfolk in 18Y5,

and identified the same zones there which he had recognised in

other parts of the county,f The Geological Survey of the county

was begun in 1875, and completed in 1883, and Mr. W. Hill

subsequently examined the chalk of West Norfolk ; memoirs ex-

planatory of all the sheets, which include parts of Norfolk, have

been published. Moreover, the fossil collector of the Survey
(Mr. Rhodes) has at different times collected from various horizons

in the chalk, both in western and central Norfolk. The conse-

quence is that a fairly complete account of the Norfolk Chalk can

now be given, and the course of some of the zones can be roughly

indicated (see map Fig. 59).

One interesting feature in the Chalk of this county is that

beds are exposed near Trimingham which appear to be com-

parable with the chalk of Maestricht, in Belgium, and of Riigen, in

• See Geol. Mag., Vol. iv., p. 30 (1867).

t See Recherches Bur le Terr. Cr^t. Sup., p. 156 (1876).
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Pomerania, and are thus higher and newer than any other chalk

in England.

With regard to the thickness of the Upper Chalk and of the

Chalk as a whole in Norfolk, data for a rough calculation are afford-

ed by two deep borings, one made at Norwich in 1868, and one at

Holkham Hall in 1867. The accounts which have been given of

these borings differ in some particulars, but the following are those

generally regarded as most trustworthy :—

Boring at Norwich.
Feet.

Alluvium - - - 12
Chalk with flints at distances

of 6 or 7 feet apart 500
Soft chalk of a rusty colour 10
Harder chalk with flints as

above - - 190
Hard chalk with flints about

about" 4 feet apart 350
Chalk without flints 102
Greensand and Gault (base not

reached) - 42

1,206

Boring at Holkham Hall

Gravel
Chalk with flints, the last of

three masses of flint, each
3 to 4 feet thick, at a
depth of 510 feet

Chalk without flints -

Red marl [=" Red Chalk "]-

Blue gault -

Sandstone and sand
Stifi' clay, touched-

Feet.

20

519
116

8

10
70

743

The total thickness of chalk proved in the Norwich boring is

1,152 feet, but as the boring was at the level of the river alluvium,

and the chalk rises to about 40 feet above it, the total thickness at

Norwich is 1,192 feet.* Again, the Triminghani chalk being

newer than any at Norwich, and its thickness at Mundcsley being

probably over 100 feet, a further addition must be made for it,

bringing the total up to 1,292, or in round numbers 1,300 feet, as

the probable thickness below eastern Norfolk

With respect to the thicknesses of the several zones the Holk-

ham boring gives us some assistance. In it the 116 feet of chalk

without flints must include the Lower Chalk (? 56 feet), the zone of

Rhyjichonella Cimeri (? 40 feet), and a little of the Tefrebratulina

zone (20 feet). Probably another 90 feet may be assigned to the

zones of Terehratulina and Hoi. planus. This accounts for 206

feet out of a total of 635, but as the boring commences in the

Marsupites zone, the upper 70 or 80 feet probably belongs to that

zone, leaving about 350 for the Micraster zones that intervene.

In the Norwich boring the total thickness of the chalk con-

taining flints is said to be 1,050 feet ; if we assume that 440 feet

of this belongs to the Terebratulina, H. planus a,nd Micraster zones,

we have 610 feet left to represent the zones of Marsupites,

Actinocamax qiiadratus_ and Belemnitella jimcronata, to which 40

feet must be added for chalk above the level of the river. Taking

* H. B. Woodward, Geology of Norwich, Mem. Geol. Survey, p. 9.



252 THE ORETACEOUS ROCKS OF BRITAIN.

9 »

O
.si

3? -=3

03 C6



N*ORFOLK. 253

all things into consideration we may venture en the following

approximate thickneaaes ;-=

hit
Zone of Ostrea luiiaU • * ' - - =• UO
Zone of Bekmnitella muci'oflata -_-.-'- 250
Zones of Act. quadratus and Marsupites - - ' 400
Zones of M. coranguinum and M. cortestudinarium- - 340
Zone of Holaster planus - - - - - - - 50„
Middle and Lower Chalk 150*

1,2&0

We have hei'e irtdiided tke whdle of the zone of Holaster planus in

the Tjppei* dhalk, thus making its thickneaa 1,140 feet, but as

statedm Volume II. p. 473 it is possible that some of the H. planus

chalk really belongs to the Middle division, and there is at present

no definite base line to the Upper Chalk of Norfolk.

Stratigraphical Details.

Zone of Holaster planus.

Only one section of this zone has been seen in the southern

part of Norfolk ; this is in the cutting on the railway which com-

menoea about 2 milea west of Swaffham Station ; the locality was
visited by Messrs. W. HiU and W. Whitaker in 1886,f and subse-

quently by the former alone in 1897 ; the following account of

it is from Mr. Hill's later notes :
—

At the western end of the cutting white chalk with greyish-

black flints and containing Holaster planus is exposed for some 50

yards, dipping gently to the eastward. Near the eastern bridge

a layer of large grey-black flints comes in, and about 2^ feet above

this there is a bed of hard semi-crystalline creamy-white chalk,

about 10 inches thick, lumpy or nodular at the top, and overlain

by 4 inches of very marly, buff-coloured chalk. The hard bed
contains a fair number of fossils, and the following were found by
Messrs. Hill and Whitaker :—

Terebratula semiglobosa.

Holaster planus.

Micraster sp.

Cidaris (spines).

Cyphosoma radiatum.

Thus both in its lithological characters and in its fossils this bed

resembles the Chalk Eock, but it does not contain glauconite nor

any green-coated nodules.

The marly chalk is succeeded by white chalk with flints, and

in this Echin^corys scutatus occurs, but was not found below.

* The 102 feet of chalk without flints below Norwich is less than would
be expected from the thickness of such chalk at the outcrop near Marham,
where there must be at least 130 feet, but it is quite possible that the Lower
and Middle Chalk become thinner toward the west.

t See Geology of South-Western Norfolk, etc., Mem. Geol. Survey, p. 39,

(1893).
"

• • -' , ' •
•--,•

Lamina (tooth).

Inoceramus (fragments).

Khynchonella plicatilis (large).

„ reedensis.

Terebratula carnea.
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south side of tlie line ; the pit was from 25 to 30 feet deep in soft

white chalk containing some scattered flints, and one bed 3 feet

thick with many flints scattered through it ; the flints are thin-

skinned and black inside. Besides the Micraster, he found

Echinocorys scutatus, and was told that Belemnites sometimes
occurred.

This band of chalk runs from the neighbourhood of Castle

Acre and Massingham Heath by Rudham, Tatters^t, Bagthorpe,

Barmer, and Syderstone, and thence northward by Stanhoe to

Burnham Westgate. In the country between Castle Acre and
Brandon no exploration of the Chalk has yet been made.

Two exposures of this chalk may be mentioned. One is about
a mile north-east of Rudham railway station, and is described by
Mr. Hill, who saw it in 1897, as about 30 feet deep in chalk with
several layers of greyish-black flints, some rather large. He found
a fragment of a Belemnite and a small Rhynchonella Cuvieri.

The other quarry, half a mile north-east of Houghton Church,
was also visited by Mr. Hill, who writes— "It is in rather softer white

chalk than is usual, and the flints are blacker and smaller in size.

About 25 feet of chalk are shown, but the only fossils seen were a

fragment of a Cidaris spine and a crushed Echinocorys scutatus.

Zone of Micraster coranguinum.

The chalk of the Brandon district has been described in the
preceding chapter, and the chalk at and near Thetford must belong

to the same zone, but the only references to it that I can find are

(1) by C. B. Rose* in 1862, who remarks that " at Thetford
cylindrical forms of flint from 18 to 24 inches in length are numer-
ously distributed through the chalk," and that thin seams of flint

are also seen ; (2 ) by Mr. F. J. Bennett, in 1884, who mentions a
pit about two miles north-east of Thetford, showing about 12 feet

of soft rubbly chalk from which Mr. Rhodes obtained Cidaris

perornata, an iTwcerarwus, and a sponge. (3) Mr. Rhodes also

visited a pit half a mile north of the Mound, Thetford, (in sheet

51) and describes the chalk as soft, greyish and bedded; he
obtained fish-teeth, and fossils identified as Trochus cirrhus,

Micraster prcecursor, Bourgueticrinus, and spines of Cidaris.

The chalk of this zone spreads northward by Mundford Stan-

ford, Hilborough, Cressingham, and Watton, but the only published

information refers to the chalk of Saham Tony and of Ashill, both
near Watton.

Mr. Bennett has recorded the existence of two quarries, re-

spectively, one and 1^ miles west of Saham Tony, both in soft chalk

with layers of nodular flints, f From the first he obtained

* Proc. Geol. Assoc, Vol. i. p. 231.

t Geology of the Country around Attleborough, etc. p. 3, (1884).
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Micrdstdr cafanguirl'drfk and Inoceramus ; from the second

Mr. BhddeS cdlleeted Moceramus involutus, Ini Lamarcki, Pecten

erelosu§, diid A Spdndylu^t
'

'

A little further ndrtli, arid le^s thari a niile w^si c*f Asliill, Mi*;

J., fl. I^lake! fdurid a large pit ^hdwirig 3d feet df bedded tJhalk with

layers of flint noduleis. A few fdssils were fchiiid here by Mr .

Bhddes, viz., (Joscinopora quincunbialis, Parasrtiitia cenffaiis,

A didaris spiiriej and IrhoceraTrtus (cf. Bf^n^niarti):*

Swarfha-ji has long b33ri Icridwri as di Idc.ahty fdr Chalk foasila,-

and lists were published by S. Woodward and 0. B. lidse; Wt nd
careful collecting has been done there in recent years. .,5j

R. C. Tivlor has remarkedf that the disposition of the flints

in the S waffham chalk is peculiar, " two layers forming a pair being

set at a distance of a foot apart and each pair at the distance of

several feet from the next pair." Mr. Eose also remarked on the

grsat S1Z9 of the tabular flints, " many of them 8 or more feet in

length ail fro-n 9 to 12 inches in thickness."^ As these observa-

tions do not apply to the chalk in 1;he quarry seen by Mr. Hill west

of Swaffham Station, they must refer to that exposed in some of

the old pits, of which there are many to the south and west of

Swaffham. There are also old quarries near Castle Acre, four

miles to the north, and at the Lexhama.

Litcham, about seven miles north-east of Swaffham, is another

place where chalk has been quarried, and from which C. B.

Rose obtained fossils. A quarry was still worked here in 1883 to

the north-east of the church, and showed about 25 feet of chalk

with 5 or 6 layers of black flint nodules and a few large irregular-

shaped flints. § There is another quarry about half a mile S.S.W.

of Litcham, in which a few fossils were found by Mr. Rhodes.

To the north of Litcham, Lexham, and Rougham the Chalk

is deeply covered by Boulder Clay, and little of it is again seen till

we come to the valley of the Creake River. Here at South Creake

there is a pit over 20 feet deep in rather hard chalk with layers of

flints which are dark greyish-black inside. This pit has been

visited by Prof. Barrois and by Mr. W. Hill, who both refer it to

the zone of Micraster coranguinum. Mr. Rhodes has also collected

from it and the neighbouring pits, and the fossils obtained are

included in the list on p. 265.

The pits at Burnham Overy, north of the church, and east of

Burnham Thorpe, are in the same beds, but fossils are less common.

* Geology of the Country around East Dereham p. H (1888).

t Trans. Geol. Soc, Ser. 2, Vol. i. p. 378 (1824).

t Phil. Mag., Ser. 2, Vol. vii. p. 370 (1835).

I See note by H. B. Woodward in the Geology of the Country around
East Dereham, Mem. Geol. Survey p.. 10 (.1888).
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2. Zones of Marsupites and Actinocamax quadratus.

These zones cannot be separated in Norfolk without
more careful exploration than has hitherto been bestowed
upon them, but Belemnites identified as Actinoca7na.x granulatus

and Act. quadratus occur throughout a considerable thickness of

chalk. This chalk enters Norfolk between Brettenham and Diss,

and runs northward in a broad band to the west of Wymondham,
Reepham, and Holt (see Map, Fig. 59.)

Mr. Bennett* notes that a large pit north-west of Bridgeham
shows 20 feet of soft thin-bedded chalk with a few flints, and that

10 Te<ft

Fig. 61.

Glacial eds.

Section in a Quarry south-west of Ringland Church.

Gravel and sand.

Brown stony loam.

T. i_i.i o • (c. Ash-coloured pebbly sand.
Pebbly Series.

|^ Orange-coloured sand.

Chalk. =e. Soft white chalk with some flints.

Mr. Rhodes obtained a few fossils from it, including a Belemnite

(Act. verus ?). In another pit, one mile W.S.W. of Banham, he

saw " 15 feet of soft rubbly chalk with flints," and from this Mr.

Rhodes obtained AUinocaTnax granulatus and other fossils.

To the northward, within the. area comprised by sheet 66 N.W.,

there are many exposures of chalk containing Actinocamax which

are either A. granulatus or A. quadratus, and the pits have been

described by the late Mr. J. H. Blake, in a memoir on the

country round East Dereham (1888). From this memoir the

following general account has been compiled :

—

Near Ringland there are five or six pits which expose chalk

* Geology of the Cowntr^ around Attleborough, Mem. Geol. Survey,

p. 4 (1884),

682J ^
^
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beneath a variable thickness of pebbly sands and glacial drift. Pig.

61 represent sone of these, south-west of the church. Another,

N.N.E. of the church, shows 18 feet of chalk, and there is also a

good section half a mile south of the church. In all the chalk is soft,

and contains a fair number of flints, black inside, of very irregular

shapes and irregularly distributed, seldom along lines of bedding.

Act. granulatus, Rhynchonella limbata, and other fossils were

collected by Mr. Ehodes.

Similar chalk with Act. granulatus is seen in a pit over half a

mile south-east of Lyng, and also half a mile north of Swanton
Morley. In the latter 12 to 17 feet of chalk is shown, " soft,

thinly-bedded, and containing very ii-regular-shaped black flints

with white coating (one 20 inches long and 4 thick), also lumps of

iron pyrites from 3 to 4 inches in diameter."

Chalk of the same description is found near Attlebridge, Swan-
nington, Alderford, Great Witchingham, Sparham, Banbury and

Billingford. The chalk seen in the pits at these places is described

by Mr. Blake in similar terms, flints always occurring, but generally

scattered, and if in lines with intervals between the nodules, so that

they are much less numerous than in the zone of M. coranguinum

to the westward. Specimens of Actinocamax which appear to be

A. quadratus were found at most of the places above mentioned,

with Ostrea acutirostris at Billingford, but no plates of

Marswpites were found at any locality in this district.

Chalk with the same lithological and palseontological characters

passes northward through the area comprised within sheets

68 S.W. and 68 N.W., and has been described by Mr. H. B.

Woodward. Prom his memoir* the following passages are taken :

At Guist and Bintree, west of Poulsham, there are pits showing

soft chalk with a few scattered flints, and at both places Mr.

Rhodes found many specimens of Actvnocomax granulatus and

an oyster-bed full of Ostrea acutirostris.

At'Houghton-in-the-Dale the chalk is comparatively hard, and

in the limekiln pit Mr. Rhodes found an oyster-bed with 0. acuti-

rostris at about 10 feet from the surface, as well as Act. granulatus

and many plates of Marswpites. Marswpites were also found in

a pit at Thorpland associated with Act. granulatus, Avicula sp.

and Echinocorys.

Near Wells there are several exposures both in pits and in the

railway cuttings in firm chalk with the usual flints and some

small spherical flints containing sponge remains, which have been

identified by Dr. G. J. Hinde as Plinthosella squamosa. This

chalk was identified by Dr. Barrois in 1876 as belonging to his zone

of Marsupites, and though he did not find that fossil he obtained

Act. quadratus, Inoceramus lingua, and some others.

* Geology of the Country Bound Fakenham, Wells and Holt, Mem,
Geol. Survey, pp. 5-10, (1884).
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I also visited Wells in 1875, and found the chalk worked in a

quarry by the railway, three quarters of a mile south-east of the

station, rising in places to the surface but trenched elsewhere by
hollows filled with drift. In another pit to the south-east 25 feet

of chalk was shown with courses of nodular flints at distances of

6 or 8 feet apart, and with a thin continuous seam of flint ; a seam
of grey marl about two inches thick occurred about 15 feet from the

surface ; bedding horizontal. From this pit Mr. Rhodes obtained

Belemnites which have been identified as Bel&rnnitella mucronata

and ActinocaTnax qmdratus ?

A pit at the north-west end of the town (Bases Lane) showed
rather lumpy chalk, with indistinct bedding, a continuous seam
of flint and scattered flint nodules. I obtained Act. granulatus ?

Echinocorys scutatus, and an Innneramus, but fossils were rather

scarce at both localities.

At Holkham a pit and a railway cutting have yielded Act.

quadratus ?, Ostrea acutirostris and 0. vesicularis.

Chalk is exposed at and near Stiffkey, three miles east of Wells,

but no fossils were found. ^^ .

Zone of Belemnitella mucronata.

The chalk of this zone is oiily exposed Jiere and there along the

course of the valleys which traverse the eastern part of the county,

being for the most part covered by the Crag and Drift Deposits.

It was formerly much quarried near Norwich, and many fossils

were obtained by a former generation of geologists, notably by

S Woodward, the author of "An Outhne of the Geology of Norfolk

(1833)." The following account is taken chiefly from the Memoir

on the Geology of the country around Norwich by Mr. H. B.

Woodward (grandson of S. Woodward).

The chalk near Norwich is soft and white with a clean and- even

fracture, splitting into long wedge-shaped or lenticular beds along

planes which appear to be nearly horizontal joints rather than

planes of original bedding. Flint nodules occur at irregular inter-

vals, but generally in lines which seem to mark out the true strati-

fication of the chalk. Besides these layers of flint nodules, which

occur at varying intervals of from 2 to 6 feet apart, there are also

some very large flints known as pot-stones or " paramoudras "
;

these are rudely cylindrical or cup-shaped with a central cavity,

they are often 2 or 3 feet in height with a width of 1 or 2 feet, but

some have been found over 6 feet high ; they generally occupy a

vertical position and occur both in and between the layers of ordi-

nary flint3.

Many fissures and fractures occur in the chalk, and sometimes

it is locally bent into curves and flexures which have been attributed

)to the forcible impact of ice.

6821 ^ ^
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In the valley of the Yare the chall£ is not exposed further east

than, Postwick and Surlingham. In the valley of the Bure it

appears as an inlier extending from Aylsham to Wroxham. On
the northern coast it is exposed from Weybourn to Runton, and
thence at intervals on the shore to Cromer. Mr. C. Reid writes :

—

" Between Weybourn and Cromer the chalk is soft with many
flints, in fact, at Eunton flints are so abundant that on the foreshore

they often form a nearly continuous reticulated pavement

From Old Hithe to Cromer paramoudras are common, and there

are [also] numerous rings of flint, commonly 3 to 6 feet in diameter,

often containing smaller rings, with sometimes a paramoudra in

the centre (see Fig. 62).

Fig. 62.—Plan of Flint-rings on the foreshore at Eunton.

Scale, 2 feet to an inch.

" Perfect circles were measured up to 9 feet across, and one

irregular oval was 15 feet . . . They are mere shallow rings

about 10 inches or a foot in depth and not sections of cups, for when

traced downward they never show a cup-shape or any tendency

to a narrowing of the circle. Though sponges are very abundant

no definite connection can be traced between the shape of the sponge

and that of the ring or paramoudra, for irregular sponges appear

to occur indifferently in the chalk or in flint.

" Fossils, except sponges, are not very plentiful, though Belem-

nitella mucronata and fragments of Inoceramus are common . . .

From the general character of the chalk it appears to correspond

with that of Norwich, but the fossils have yet to be collected and

compared."*

Mr. Brydone informs me that the chalk at West Runton

contains many fossils, Echinocorys scutatus being common, and

bearing many Bryozoa, including Homalostega pavonja. He
thinks this chalk may lie in a syncline, and be nearer the zone of

0. lunata than that seen at Cromer.

* The Geology of the Country Around Cromer, by C. Keid, Mem. Geol.

Survey, p. 3. (1882).
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Zone of Ostrea lunata.

This zone (see p. 12) is only exposed in the bluffs and on the

foreshore near IVimingham and Mundesley. It rises above the

beach at two places, but one of these prominences has now been

almost entirely worn away. The following account of the most

northerly mass is from notes taken by myself in 1875, and

published in 1880*:—
" The mass of chalk is about 35 yards long, and about 30 feet

high, ending on each side with a nearly perpendiciilar face, ....
and it is clear that much chalk has been carried away from both

ends ; (see Fig. 63), the front face stands out 8 or 9 yards from the

base of ^is talus (from the foundering cliffs).

" The chalk contains bands of flints at distances of from 2 to

3 feet apart. Some of these are hard, black, and compact, but the

Fig. 63.—Sketch of Northern Bluff, Tnmingham, in 1875.

From Ann. Mag. Nat. Hist., Ser. 5, Vol. VI., p. 306.

majority are only half silicified, being hollow or partly filled with

a grey, chalky matter, which is gritty to the touch, and is full of

sponge spicules and minute organisms. The flints are, moreover,

surrounded with similar greyish chalk, which sometimes forms a

band connecting two or more together. This greyish chalk also

occurs in places without enclosing any flinty matter, and gives a

mottled appearance to the mass. Between the layers of flint

nodules the rock is full of a small curved species of oyster (now
identified as Ostrea lunata). Belemnitella mucronata is also

common, and there are many other fossils, but the best specimens

are adherent to the flints.

" If the measurements above given be compared with those of

Sir Oh. Lyell, and the mass in its present state be compared with

* The Chalk Bluffs of Trimmingham, Ann. Mag. Nat. Hist. Ser. 5,

Vol. vi. p. 305.
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the figure in the early editions of the " Principles of Geology
"

(reproduced in Fig. 64) it will be seen that it has now only one-

third of the length it possessed in 1839 (viz., 106 yards). Originally

the front face seems to have exhibited a complete synclinal curve,

with more than half of the corresponding anticlinal at the southern

end; but now only the centre of the synclinal is left, the beds

rising very slightly to the southern, and more decidedly towards

the northern end."

FiQ. 64.—The Northern Bluff, Trimingham, 1839 (after _Lyell).

a. Chalk.

h. Sand.
c. Boulder Clay.

With regard to the dip of the beds, as viewed from the sides, some

difference of opinion has existed. It is seldom, indeed, that a clear

section is exhibited by the side face, for the chalk breaks away

along joiut-planes which are often discoloured. Mr. Clemeiit

Eeid, however, had opportunities of visiting the spot after wint-ci

storms had cleared the section, and he discovered that the beds

are bent into a sharp curve or loop, and are so flexed as to be hori-

zontal in one place and nearly vertical in another. The diagrarn

(Fig. 65) is an enlargement of part of the section drawn by Mr.

Fig. 65.—Northern Bluff, side view in 1878, (after C Held).

a. Chalk.

c. Sand.

6. Boulder-clay.

d. Contorted Drift.

Reid. * The continuous line in the chalk indicates the position of

a bed of gritty or sandy chalk, observed by Mr. Eeid, about 12 inches

thick. An analysis of this bed will be found on p. 359.

Still more recently the Trimingham chalk has been again

explored by Mr. Reid and by Mr. R. M. Brydone, both of whom

*See Geol Mag., Dec. 2, VoL vii. p. 55 (1880).
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haye made large collections of fossils, and have kindly placed the

following information at my disposal. *

Mr. Eeid informs me that the chalk exposed is divisilDle into

two portions, which may be regarded as sub-zones, and are sepa-

rated by the sandy bed seen in the northern bluff. In the lower

bed the large Ostrea vesicularis is common, but does not range

above the sandy layer; while Ostrea lunata and Thecidium,

vermiculare are conj&ned to the upper beds in which they are

abundant. For figures of these, see pp. 23 and 25.

Mr. Brydone confirms the above remarks, and is inclined to

think that four different beds are distinguishable in this chalk.

He also measured the southern bluff, and found that it extends

along the shore for about 110 yards, but the northern part is low

and the southern part is not more than 30 feet in height. In

the southern part the upper beds are clean and white, the lower

beds are mottled by small irregular patches of greyish chalk.

The dips shown by the layers of fiints indicate a low anticlinal

arch, the strike of which seems to be intersected by the seaward

face. The lowest bed seen in the centre of the arch is a hard

rough yellowish chalk, in which occtu"s a curiously shaped variety

of Echvrwcorys scutatus, with a very thick test. Above this are

about 9 feet of mottled chalk without Ostrea lunata, and then

about 20 feet in which 0. lunata is common.

The northern part of this bluff consists of soft marly chalk

which differs from that of the southern part ; it does not contain

Ostrea lunata, though it has yielded most of the other fossils of

the zone. The flints too are different, and Mr. Brydone thinks

that it is separated from the southern part by a fault.

Mr. Brydone also discovered another exposure of chalk on the

foreshore, near Mimdesley, and over half a mile south of the two
bluffs. This is probably rarely clear of sand, but was exposed in

August, 1898, a block of chalk 25 feet long, six feet wide, and
2 feet high standing out of the sand. The beds appeared to dip

at about 5° in a southerly direction, and in character and in fossils

resembled those of the northern bluff.

In the same year (1898) a well was sunk in Mundesley,
which passed through Glacial and Pliocene Beds into the chalk
of the 0. lunata zone. Mr. C. Keid informs me that tht well

passed through the following :

—

Feet.

Pleistocene and Pliocene Beds - - - - 89
Chalk with Ostrea lunata and a layer crowded with that shell

at 119 feet - - - - - - 61
Ohalk with flints—no fossils obtained ----- 50

200

* Mr. Brydone has published his notes under the title of "The
Stratigraphy and Fauna of the Trimmingham chalk " (Dulau & Co.,

1900).
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He believes from the character of the chalk and flints below
150 feet that all the chalk traversed (111 feet) belongs to the
zone of 0. lunata.

It Will be' seen from the following list of fossik, that a number
of species occur in the zone of Ostrea lunata, which are not found
in the zones below, and most of these are Rtigen and Maestricht

species. Bryozoa, too, are very abundant, both in the chalk and
in the rough hollow flints, and many of the species, such as

Pachydera grandis, Salcocava costulata, Homalostega erecta,

H. vespertUio and Eschara galeata., are characteristic of the

Etlgen chalk.

List of Fossils from the Upper Chalk of Norfolk.

The following list has been compiled from several sources :—

The species recorded by Professor Ch. Barrels in his " Ee-
cherches sur le Terrain Cr^tace de I'Angleterre " (1876).

The lists given in those memoirs of the Geological Siu-vey

which describe the western and central parts of Norfolk (Sheets 65,

C6, 68, and 69 of the Survey Map).

A long list of the fossils found near Norwich was given by Mr.

H. B. Woodward in his Memoir on the Geology of the Country

Around Norwich (1881). The nomenclature of these hsts has

been revised, and some species of doubtful occurrence have been

omitted. It is also possible that some which have been quoted

from the Norwich Chalk were not really obtained at that place,

but from other locaUties in East Norfolk.

The species recorded from the Norwich Chalk in the mono-

graphs on the Cretaceous Echinodermata, Actinozoa, and Brachw-

poda, published by the Palseontographical Society.

The fossils from the Norwich Chalk in the Woodwardian
Museiim, Cambridge, a list of which has been communicated by

Mr. H. Woods.

For the numerous entries in column five (Trimingham

Chalk) I am mainly indebted to Mr. R. M. Brydone, who collected

largely from this chalk in 1899, and published a list in 1900.

In the determination of the species he received great assistance from

Professor Deecke, of Greifswald, to whom most of the. fossils

were sent for comparison with those found in the Chalk of

Rtigen. Mr. Brydone has communicated a few corrections of,

and additions to, his published list.
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p 5o eo

SI eS

gi

Placunopsis undulata 1 Hdz. -

Plicatula sigillina, H. Woodw.
Septifer lineatus, Sow. - . . .

Spondylus complanatus, d'Orb.

„ dutempleanus, d'Orb. -

„ latus, Mant.
„ spinosus, Sow.

Teredo amphisbaena, Ooldf,

Brachiopoda. .

Craiiia egnabergensis, Eetz. •

„ parisiensis, Defr.

„ spinidosa, Nilss.

Kingena lima, Defr. - . . .

Lingula subovaBs, 1 Dav.
Magas pumilus, Sow. -

;

•

Megathyris (Argiope) Bronni, Hag.
Rhynchonella limbata, Schloth.

„ Martini, ? Mant. -

„ plicatilis, Sow.

„ „ var. octoplicata. Sow.

„ „ „ Woodwardi, Dav.

„ reedensis, Eth.l
Terebratula biplicata ? Sow.

„ carnea, Sow. - . .

„ obesa, Sow. . . .

„ semiglobosa. Sow.
Terebratiilina Gisei, Hag. - . -

„ gracilis, Schloth.

j,
striata, Wahl.

Thecidium vermiculare, SMolh. •

„ Wetherelli, 2)^0.

Trigonosemus elegans, Konig
„ pulchellus, Nilss. -

Bryozoa.
Berenicea discifonnis, Hag. - . -

„ gracilis, Edw. . - . .

„ facrymopora, Novak
„ papillosa, Beuss ...

Ceripora ramulosa, Mich.
Clausa irregularis, cTOrb.
Coscinopleura elegans, Hag. - - -

Defrancia Brongniarti, Edw. -

Entalophora madreporacea. Gold/. -

„ virgula, Hag.
Eschara Acis, d'Orb. - - - _

„ galeata, ^a^. . - -

3

3

3

3
3
3

3

3

3

4
4
4
4
4

4
4

4
4

4

4

4
4
4
4
4
4
4
4

5

5

5
5

5

Under thb v.re included some which have been called Eh Cuvieri.
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£8

Pentagonaster lunatus, S. Woodw.
Phymosoma princeps, Hag. (=Cypho8oma)
Salenia geometrica, Ag.

„ magnifica, Wright -

„ sp. - - -

Stegaster sp.

Aetinozoa.

Axogaster cretacea, Lonsd.

Caryophyllia cylindracea, Reuss

Coelosmilia cormicopise, Dime.

cylindrica, Dune.
granulata, Dune.
laxa, Ed. and H. -

Wiltshirei, Dune.
sp.

Diblasus grevensis, Lonsd.

Farasmilia centralis, Mant.

„ cylindrica, Edw.
„ Fittoni, Edw.

Spongida.

Cliona cretacea, PorU. " " " *

„ glomerata, Morris - - -

Coeloptychium agaricoides, Goldf. -

Camerospongia subrotunda, Mavt. -

Doryderma ramosum, ilfawt. - - -

Gnettardia stellata, Jftcft. . - .

Plinthosella squamosa, Zitt. - - -

Plocoscyphia Fittoni, Mant. -

sp. -_ .
" " '

PorosphiBra globularis, Phil.

„ pileolus, PhU. - - -

„ Woodwardi, Carter

Talpina dendrina, Hag. - - -

„ ramosa, Ha^. - - - -

„ solitaria, Hag.
Ventriculites alternans, Roemer •

„ cribrosus, Roemer -

„ decurrens, r. Smith

-

„ infundibuliformis, Woodw.
quincuncialis, T. Smith -

", radiatus, Mant.
sp-

4
4

4
4
4
4

4
4
4
4

4
4
4

4
4

4
4
4
4
4
4

5
5

5

5
5
5
5
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CHAPTER XX.

THE UPPER CHALK IN nNCOLNSHIRE AND

YORKSHIRE.

1. LiNCOLNSHIHE.

When the Survey Memoirs on the Geology of Lincolnshire were

published (1887 to 1890) all the flint-bearing chalk seen in that

county was referred to the Middle Chalk, for the total thickness of

it was not great, few fossils were found in it, and no special horizon

was discovered which could be regarded as corresponding to the

Chalk Rock of more southern counties.

As, however, our knowledge of the fossils of the Upper Chalk

became more accurate, those obtained by Mr. Rhodes, in 1886, from

a quarry north of Louth (including /m/wZasier excentricus and

Rhynchonella Ivmbata) impressed me with the probability that the

Aothorpe quarry was in Upper Chalk. When this idea was im-

parted to Mr. HUl he determined to see if he could not find the base

of this Upper Chalk in some other exposures near Louth. A
short visit to the locality in 1898 enabled him to find beds con-

taining Miaraster Leskei, Holaster planus and Echinocorys scutatus,

none of which, CTU-iously enough, had previously been obtained

from the Lincolnshire Chalk.*

The relative positions of this quarry (near Boswell, three miles

north-west of Louth), and that at Aothorpe (north of Louth) do
not enable us to say which is stratigraphically higher than the

other, but it has since been proved that the quarries further

north toward Ormsby are in the zone of Hoi. plaTvus; conse-

quently I am inclined to class all that part of the Lincolnshire

chalk which contains thick continuous courses of flint and large

flat lenticular flints as Upper Chalk.

Most of this chalk is firm and sometimes almost hard, with a

tendency to break into flattish platy pieces. In the higher beds

the chalk is rather softer, and there is at least one layer of

shaly grey marl which occurs on the same horizon in several pits.

The flints in this Upper Chalk are remarkable ; besides nodules

of ordinary aspect, there are frequently large lenticular masses of

grey flint, which are tnfly tabular, since they are often 4 or 5 feet

* See " Note on the Upper Chalk of Lincolnshire " by W. Hill, in Geol.

Mag., Dec. 4, Vol. ix., p. 404.
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in diameter with, nearly flat surfaces, and might be set up as tables

if they could be extracted in a perfect condition ; these generally

occur in one plane and often nearly touch one another, so that it is

not surprising to find also continuous floors of similar flint which
are often 5 or 6 inches thick. Probably the separate flints merge in

places into a continuous floor, for the intermediate phase of a floor

thinning and thickening can sometimes be seen. Sometimes

also the flint floors and lenticles include thin seams of chalk.

There are other courses which behave like flint floors, but con-

tain quite as much chalk as flint, the arrangement of two ingredients

being so intricate that the layer looks like a breccia of

broken flint fragments embedded in a matrix of hard white chalk.

These layers are usually about 4 or 5 inches thick, and have well-

marked upper and lower surfaces which are smooth and undulating

or rising into low and broad mammillations as many flint floors do.

The flinty portions are often sharply angular, and consist of either

light grey or light brown flint.

Thinking that the chalk which was thus so intimately associated

with flint might be partly of a siliceous nature, I wished it to be

tested by chemical analysis ; this was done by my colleague, Mr.

Grant-Wilson, but he found it to be a nearly pure chalk with only

1'37 per cent, of insoluble siliceous matter.

Stratighaphical Details.

No exposure of the Upper Chalk is known to exist in that part

of the Wolds whicb lies to south of Louth, though it is quite possible

that it comes in on the high ground between Driby and Eigsby

(west of Alford), where a well is said to have traversed 190 feet of

white chalk.

The place where Mr. Hill first discovered the zone of Holaster

planus is in a quarry nortb of Boswell Farm, and half a mile north-

west of North Elkingjton, a village about three miles north-west of

Louth. Of this be gives the following particulars :—

Ft. in.

Clayey gravel and chalk nibble - -
_

- - - 6

White chalk with three layers of large flat flints and some

scattered flint nodules, Echinocory& smtatm and

Micraster Leshei - 56
Firm white chalk ; M. LesTeei 3

A thick continuous floor of flint " " " " " 5

White chalk, somewhat hai'der, with Holaster planus

M. Leskei and Ktngena lima - 2 9

Thick layer of intermingled chalk and angular flint - 8

Firm white chalk with a layer of large flat flints - - 6

Harder white chalk with two layers of intermingled flint

and chalk ? Q

31 4

Mr. A. Burnet has found Holaster placenta here.
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Although the fossils are only found in the upper part of this

section, the lower beds have just the same characters as those above,

and it is probable, as Mr. Hill remarks, that they form part of the

same zone. He was unable to find any exposure which showed
a passage from the chalk with nodular flints (Terebratulina zone)

to the chalk with flat flints and continuous floors, so that we
are not yet able to indicate any exact horizon which might be

regarded as the base of the Upper Chalk. There can be no doubt,

however, that he has found fossUiferous beds which are not far

above the base of that division.

In the quarry east of Acthorpe Farm, Mr. Hill found about

18 feet of white chalk, firm but not hard, with layers of grey flint

nodules and a thin continuous seam of flint at the top. Litho-

logically, therefore, this chalk resembles that of the Terebratulina

zone more than that at Boswell, and it is therefore the more
surprising that Mr. Rhodes should have found the follow-

ing fossils here : Rhyrvchonella limhata, Infulaster excentricus,

Galerites globulus, and Hippothoa elegans on a hinge of Ino-

ceramus. The beds are nearly horizontal, and unless they are

faulted down it is difficult to see how they should be higher strati-

graphically than those at Boswell, yet the Infulaster and the

Rhynchcmella do not range elsewhere below the zone of Micraster

cortestudinarium.

About a mile north of Acthorpe, between Potherby and North
Elkington, is a quarry in chalk resembling that of Boswell, but

showing a different succession of beds. Near Ormsby there are

other quarries and all of them show more or less of the same
succession, which is as follows :—

p^ ^^

Thin-bedded white chalk with nodules of grey flint 6
Course of grey flint, brittle and interlaminated with chalk 6
Firm creamy white chalk, becoming shaly at the base - 3

Seam of dark grey shaly marl - - - - 3
Hard dull white chalk with flat lenticular flints - - 6
Continuous floor of flint with mammillated surfaces - 6
Hard white chalk in thick beds without flints 7 6
Course of irregular and lenticular flints

Hard dull white chalk with small lenticles of flint - 10

Hard white in more massive beds - seen for 6

About 40

Mr. A. Burnet, of Leeds, has recently made a careful search

for fossils in these quarries, and has siicceeded in finding an

assemblage which collectively proves the beds to belong to the

zone of Hoi. planus. For the identifications I am responsible.

From the quarry three-quarters-of-a-mile W.S.W. of Fotherby

he has obtained the following species :

—

Septifer lineatus Rhynchonella Cuvieri

Inoceramus Brongniarti 1 Terebratula carnea

Plicatula sigillina Terebratdina gracilis, var. lata

Ostrea normaniana Holaster planus

Kingena lima „ placenta

C8:i s
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In another a quarter-of-a-mile S.W. of North Ormsby he found:

—

Inoceramus Cuvieri Magas pumilus
Ostrea vesicularis EhyncnoneUa Cuvieri

„ sp. (small) Micraster Leskei

A pit three-quarters of a mile N.N.W. of N. Ormsby is over

40 feet deep and shows the whole series of beds above mentioned

;

from this Mr. Burnet obtained Bhynchonella Cuvieri, Terebratula

carnea Holaster (either planus or placenta), and Echinocorys

scutatus.

Finally, in a quarry about half-a-mile south of Wyham he found
that Oidaris-spines were fairly plentiful associated with
RhynchoTidla Cuvieri. The spine sent to me for identification

appeared to be one of C. sceptrifera.

At and near Cadeby there are quarries showing a different set

of beds which are probably in a higher part of the series, and
possibly in the zone of M. cortestudinarium. In one of these I

found a broken echinoderm, which seemed to be Echmocorys
scutatus and in another the following succession is shown :—

Ft. in.

Broken chalk - .... --20
Large flat lenticular flints, nearly continuous - up to 6
Brittle white chalk with a thin layer of grey marl two

feet from the base "".'" --60
Course of intermixed chalk and brown flint - - - 6

Beds of brittle white chalk with a course of large grey
flint nodules -- -----14

23

Another pit north-west of Lambcroft is 26 feet deep, and shows

six layers of the intermixed flint and chalk with clearly marked

upper and lower surfaces, the chalk in these layers being hard,

while that in the other beds is soft and brittle. In this quarry

Mr. Burnet has found Kingena Ivma, Rhynch. Cuvieri and a

spine of Cidaris perornata.

Still fiuiher north by Hawerby,West and East Eavendale,Woid

Newton, Hatcliffe, Irby and Riby, there are many quarries

which show portions of the same series of beds as have just been

described; One at West Eavendale showed exactly the same set of

beds as those near North Ormsby. Quite recently (1903) Mr. Burnet

has collected the following fossils from this district

—

Inoceramus

Cuvieri ? Ostrea vesicularis, Spovdylus latus, Magas pumilvs,

Bhynchonella Cuineri, Terebratula carnea and Holaster planus ?

Mr. Sill made another reconnaissance in North Lincolnshire in

1899, and succeeded in finding chalk with Holaster planus in a

quarry half a mile south-east of Kirmington, near Brooklesby. He
describes the beds seen in this quarry as follows :—

Ft. in.

Soil and rubble - -- -_- - - -40
Hard white chalk weathering into thin irregidar platy

pieces - - - - 1 9
Continuous layer of solid grey flint - - 6
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Ft. in.

Hard white chalk, as above with a layer of flat lenticular

flints ... . . -36
Continuous layer of solid grey flint - - 6
White chalk, rather soft and shaly at the top, Hoi. planus. 1

Hard white chalk, breaking into thin flattish pieces 3 6
Grey flint, nearly continuous, but separated in places into
detached tabular flints - 6

Hard white chalk with only a few scattered nodular flints 9

About 24

The quarry at Limber Parva is in similar chalk, but Mr. Hill

could not find fossils of any kind. Mr. Raid was informed that

at Mr. Frankish's house in Great Limber " a well was sunk to a

depth of 168 feet entirely in chalk with layers of flint."* He also

mentions several pits in which the curious layers of imperfect flint,

or intermixed flint and chalk, are seen ; one of the best exposures

of these beds being in a quarry one mile west of TJlceby, which
is 30 feet deep. " At one spot near the bottom of this pit there is

an enormous flint nodtde, which bends the beds as though it were
a boulder dropped from above "

{of. cit., p. 125). Other large

upright flints have been noticed at Wold Newton and at Burnham.
Between Burnham and Barrow there are many pits in chalk with
tabtilar and continuous flints. In one east of Burnham Mr. Eeid
found fragments of a sulcated Inocerairms (? digitatus), and in one
at Barrow Mr. Hill found an Echinocorys scuta us.

2. Yorkshire.

General Description.

The Upper Chalk of Yorkshire, and especially that of Flam-
borough Head, has been described in more or less detail by sevei'al

observers, the more recent of such notices being those by Professor

0. Barrois,t Rev. J. F. Blake,! and Mr. G. W. Lamplugh ;§ and
to Professor Barrois belongs the credit of first indicating the lines

on which the Yorkshire succession may be compared with that of

the more southern counties. His account of the zonal succession

in the cliffs west of Plamborough Head is still the most complete in

existence, but Dr Rowe has recently made a more detailed

examination and his results wU doubtless add much to our
knowledge.

* The Geology of Parts of North Lincolnshire, etc., Mem. Geol. Surv.,

p. 125 (1890).

t Recherches sur le Terrain Cr6tac6 supdrieur, p, 196 et seq. (1876).

I On the Chalk of Yorkshire, Proc. Geol. Assoc, Vol. v. p. 232, (1878).

§ Notes on the White Chalk of Yorkshire, Proc. Yorksh. Geol. and Pol.

Soc. Vol. xiii. p. 65 and p. 171 (1895 and 1896).

082

1

s 2
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Mr. Blake made an attempt to follow these divisions through

the inland parts of the country, and though he found himself

unable to accept Professor Barrois' zonal classification, owing

principally to the small number of fossils he, could detect, yet

he formulated a classification based on the characters of the

flints in that portion of the series in which they occur. This

classification is not without value, and a part of his table is

given below :

—

Lithology. Falffiontology. Thickness.

Soft chalk without flints -

Chalk with imperfect flints

Chalk with tabular flints -

Slaty chalk with thin flints -\
Creamy chalk with nodular flints /

Zone of Marsapites -

Zone of Micrasters -

Barren zone

Zone of Inoc. mytiloides -

320
120
SO

200

As aheady mentioned the " creamy chalk with nodular flints
"

belongs to the Middle Chalk, but the position of the " slaty chalk,"

No. 4, is less certain, for we have not been able to identify it in the

Buckton cliffs, and the only other siBction of it which is clearly

located by Mr. Blake (that at Swanland Mill) appears from the

fossils to belong to the zone of Hoi. planus.

His chalk with many tabular flints is undoubtedly the chalk

which both Professor Barrois and ourselves refer to the zone of Hoi.

planus, and it is not so barren as Mr. Blake represents, though

often so hard that fossils cannot be extracted in good condition.

It is clearly the continuation of the similar cjialk in Lincolnshire,

and as in both counties it also contains Echinocorys scutatus we
regard it as the equivalent of the hard nodular chalk of the south-

east of England, and of the Chalk Rock found in the intermediate

counties.

To the above succeeds chalk with Micrasters and Inoceramus

involutus, evidently corresponding to the zones of M. cortestu-

dinarium and M. coranguinum in the south. Lastly comes a great

thickness of chalk without flints belonging to the zones of Marsu-

pites and Actinocamax quadratus ; but the higher zone of Belemni-

tella mucronata does not seem to be exposed.

Mr. Lamplugh's papers are less concerned with palaeontology,

but they contain some useful measurements and some excellent

photographic views of the cliffs. He set himself to estimate the

thickness of the several portions of the Chalk, and arrived at results

which show a much greater thickness than had previously been

supposed. These are given by him as follows :

—

Upper Chalk without flints

Middle Chalk with flints

Lower Chalk without flints

Feet.

650
460
130

1,240
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Some thickness of the chalk with flints belongs to the Upper Chalk,

and if we thus assign 200 feet the relative thicknesses of the three

stages will come out as follows :

—

Feet.

Upper Chalk + 850

Middle Chalk - - - - 260
Lower Chalk - 130

Sc».gj;cti

Fig. 66.—Sketch map of the Chalk-area in Yorkshire.

About twenty-five years ago Mr. R. Mortimer published some

account of the distribution of flints in the Chalk of Yorkshire,*

with a sketch map of the areas occupied by the flintless and the

flint-bearing chalk respectively. One of the most interesting

parts of this paper is the evidence of the eastern extension of the

flint-bearing chalk below Hull, while throughout the rest of Holder-

ness the Drift deposits rest on the flintless chalk.

Mr. Mortimer was inclined to think that the flintless chalk

passed into that with flints, and tbat the two divisions were merely

* See Proc. Geol. Assoc, Vol. v. p. 344 (1878).
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different lithological facies of one contemporaneous mass of chalk,

but the zonal succession in the Yorkshire Chalk is now too well

estabhshed to permit such a view to be maintained at the present

day. The evidence which he presents can be interpreted much
more naturally on the supposition that the strike of the beds curves

round to the eastward in South Yorkshire just as it does toward

Speeton and Flamborough. This view is represented on the

accompanying map of the Yorkshii'e Chalk (Fig. 66).

This view finds some confirmation in the great thickness of

chalk which is said to have been traversed by a boring at Hornsea, *

the chalk being reached at 120 feet, and chalk without flints pierced

for 858, the boring ending in " soft black warp or clay," which, as

Mr. Lamplugh suggests, may be one of the marly seams in the

Chalk. If this depth was really entirely through the flintless chalk

the total thickness of the Yorkshire Chalk will be about 1,450 feet,

for Hornsea must be very nearly in the centre of the basin.

Stratigraphical Details.

Zone of Holaster planus.

This zone appears to set in at and west of the village of Hessle,

and as indications of it we have taken the lowest beds which

contain the well-known echinoderms, Holaster planus and

Echinocorys scutatus.

About half a mile west of Hessle Church, on the road to North

Ferriby, is a quarry which was visited by' Mr. Hill in 1 899, and

he found it to be about 25 feet deep, showing chalk with two con-

spicuous floors of flint and a well-marked layer of marl near the

bottom. In the broken chalk at the top he found a fragment of

EchiTWCorys scutatus, and what appeared to be a piece of a

Micraster.

Mr. J. F. Blake has recorded a section in a quarry at Swanland

Mill, which is about a mile north of Ferriby, which he gives as

follows :

—

Feet.

Brittle chalk in thin beds, and numerous bands of thin flint 14-1-

White chalk with four thin flint bands, Terebratula

semiglobosa - - -. '
. , 7 - 14

Continuous doggery flint, banded toward the outside, Anaw-

chytes ovatus and Inoceramus Cuvieri 1

Chalk becoming more flaggy and argillaceous below till it

becomes almost a shale - - 6

Chalk with flint bands from 6 to 8 inches thick every 2 feet 6

More than 40

* C. Reid, Geology of Holderness Mem. Geol. Survey
; p. 141 (1885),

and g! W. Lamplugh, Proc. Yorksh Geo!, and Pol. Soc, Vol. xiii. p. 71

(1895).
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wick Nab and Little Thornwick Bay we have the junction of the

zones of Terebratulina and Hoi. planus ; Professor Barrois says :

" At Thornwick Nab the chalk is very poor in fossils, it is homo-
geneous and rather hard, and contains few flints. I obtained from
it many iTWcerami (/. Brongniarti)."

I examined the chalk of Little Thornwick Bay in 1880 and
made the following note : The upper beds seen here contain large

nodular grey flints, below these are thin-bedded strata which
contain crushed Echinoderms, probably Holaster plamis, but

none sufficiently good for certain determination ; these occur

specially along one horizon below which I could find nothing but

large Inocerami.

Mr. Hill visited Great Thornwick Bay in 1899 and communicates

the following note : On the west side of the bay the lowest beds

consist of hard white massive chalk which contains a layer of

yellowish brown nodules, reminding me strongly of the nodular

lumps which occur at the top of the Middle Chalk in the south-

east of England and so often show iron-stained traces of Sponges.

Above these beds is a layer of large grey flints forming a nearly

continuous floor. On the eastern side of the bay the following

section may be measured :—

Ft. in.

Very hard white chalk weathering into flattish angular
fragments, with several layers of tabular fiint

Hard chalk without flints

Layer of very large flat lenticular masses of grey flint up to
Hard white chalk in massive beds
Layer of large separate grey flints (as above) - - .

Hard white chalk, well bedded, without flints

Layer of separate grey flints (as above)
Firm white chalk in thick beds with scattered flints

Hard white chalk, with a layer of flat lenticular flints

down to the same layer of flints as is seen on the west side
of the bay, here at the tide line - - .

47 9

The place where this section was taken is shown in Plate II
(Vol. II), for which we are indebted to Mr. G. W. Lamplugh
and the Council of the Yorkshii-e Geological and Polytechnic
Society.

The only fossils found were a fragment of a Micraster and a cast

of Rhynchonella in oxide of iron. At North Sea Landing the
upper part of this section is repeated in a sort of gully washed
out by a small stream, where Mr. Hill found a thiin-shelled

Holaster which is either H. planus or H. placenta, and a piece of

Echinocorys scutatus.

In 1880 I had noted that the chalk with Holasters is overlair

by a bed of hard compact semi-crystalline limestone (like that at

12
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Hessle), and tliat the succession near the big arch on the west
side of the North Sea inlet is as follows :—

Ft. in.

Hard chalk with layers of large grey tabular flints ? 70
Thin layer of banded flint, grey with yellow edges 1

Hard yellowish chalk - . - . 13
Layer of grey flint with yellow stains 6
Hard compact {1 siliceous) limestone 3 o
Chalk with flints in thick beds 20

Professor Barrois obtained the following fossils from North
Sea Landing :—

Inoceramus.
Terebratula semiglobosa

Terebratidina striata.

RhynchoneUa Cuvieri.

Holaster planus,

Cidaris hirudo.

Echinocorys gibbua.

Bourgueticrinua.

Mr. Lamplugh says that in the south-west corner of the Landing
inlet " there occurs a thin seam containing fragments of the

stems or arms of a crinoid (probably BourgueticrvnAis) in abun-
dance." On his sketch-map he marks a dip of 6° to the south as

shown in these and the adjoining cliffs.

It is impossible to follow the section eastward toward Brail

Head, for the sea washes the foot of the cliffs even at low tide,

and they form nearly vertical walls which are about 140 .feet high.

Zone of Micrasters.

This includes the remainder of the chalk with flints in Yorkshire,

but whether it can be divided into zones of Micr. cortestudinarium

and M. corcmgumwm, we have not at present sufficient evidence

to decide.

The most southerly place in Yorkshire where, to our know-

ledge, Micrasters have been found is near Little Weighton, a

village about 4^ miles south-west of Beverley. Mr. J. W. Stather,

of Hiill, has kindly allowed me to see a Micraster recently obtained

from the cutting near Little Weighton tunnel, and I find the

specimen to be a transition form between M. Leskei and M.

prnecursor (having a feebly marked subanal fasciole) ; hence I

should suppose the beds from which it was obtained to be low

down in the zone of M. cortestudiTiarium.

This zone was formerly exposed in a cutting on the Weighton

and Beverley line west of Kipling Cotes station, but is now

grassed over. In 1880, while the section was fresh, Mr. H. A.

Allen obtained the following fossils from this cutting :—

Inoceramus.
Lima.
Ostrea vesicularis.

Terebratula semiglobosa.

Echinocorys scutatus.

Micraster praecursor.

Ventriculites.

Camerospongia 1

The same beds must be exposed in the more recent cutting

west of Enthorpe on the Weighton and Driffield line, for Mr. Hill



YORKSHIRE. 283
r

informs me that this shows over 100 feet of chalk above the beds

in which he found Holaster planus (see p. 280), but that,he could

not find any perfect Micrasters in them.

Mr. J. F. Blake states (op. cit. p. 256) that the higher part of

the flint-bearing chalk is well exposed on Huggate Wold 'and south-

ward to Millington ;
" here is the home of the wonderful Inocer-

amus involutus, of which Mr. Mortimer has several perfect in both

valves [in the Museum at Driffield] .... I found this in more
than one quarry so that it cannot be scarce .... Associated

with it are ferebratula carnea, Spondylus latus, Ananchytes

ovatus, Ventriculites simplex, Brachiolites, and Scyphia pedun-

cvlata." ,

He also remarks that Mr. Mortimer has obtained many fossils

from these beds near Fridaythorpe, Fimber, Towthorpe, and
Sutton. Among these he mentions a large Ammonites, Inocer-

amus digitatus, Micraster^cortestudiTiarium (from Burdale) and
Infulaster excentricus.

Mr. Blake designates these beds as the " chalk with imperfect

flints," because, like the layers described on p.272, many of the larger

masses consist partly of flint and partly of chalk. He describes

them as follows, " their exterior is generally, but not always,
well marked ; but on breaking them open they are found to be
by no means entirely composed of flint, but are rather an aggregate
of angidar masses of siliceous matter shading off rather rapidly
into calcareous, and enveloped in a sihceous envelope."

In the quarry near Weaverthorpe Vicarage which is assigned
to this zone by Mr. Blake the beds are vertical and are probably
in close proximity to a line of fault. According to the same writer
the Micraster zone is well exposed in the " Butts quarry " south of
Hunmanby ; he describes the chalk there as softer than in the
lower beds, but flints as abundant. He mentions Inoceramits
Brongniarti, Eckvnocorys gibbm, and Micraster coranguvnum
as occurring in this quarry, some of them bearing Polyzoa and
valves of Spondylus latus.

On the northern coast of Flamborough Head the greater part
of the Micraster Beds are inaccessible, as they form vertical cUffs,
the base of which is nearly always washed by the sea, and can
only be viewed from a boat.

The highest beds, however, are accessible in Selwick's Bay.
This bay, as Mr. Lamplugh has pointed out, owes its existence
to a line of fault which runs approximately from north-east . to
south-west, and has an upthrow on the south-east side of
between 70 and 80 feet. The effect of this fault is to bring up
the Chalk-with-flints, which on the northern side of the bay sinks
to the level of the scar, but on the southern side beyond the fault
occupies nearly the whole of the cliff. Mr. Lamplugh managed
to measure the beds in the eastern part of this cliff, and the
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following is condensed from the particulars given by him ; the

section in descending order is:—

Ft. in.

First flints, a band of grey and yellowisli nodules [in

ascending order these are the highest or last flints] - 2
Hard flaggy chalk --------80
Band of soft marl ...... 04
Hard flaggy chalk with a layer of niskriy chalk at base - 3 6
Compact flaggy and rather lumpy chalk with two layers

of ramose and palmate flints - - - - 19 8
Line of occasional flints of larger size.

Compact flaggy chalk with flints both scattered and in

layers - - - - - 14
Compact bedded chalk with a band of grey flints in the

middle - -110
Line of scattered fUnts and flint in joints

Bedded chalk with many layers of thin palmate flints - 13
Compact chalk, to base of cliff - - - - 6

75 8

Zone of Marsupites.

Under this head we shall include the greater part of what has

usually been called in Yorkshire " the Upper Chalk without

flints." From the account published by Mr. Lamplugh, and

from further information furnished by Mr. J. W. Stather, of Hull,

it appears that this flintless chalk is capable of being divided into

two parts or zones; the lower part may be termed the zone

of Marsupites, from the abundance of that fossil in its upper

portioh ; the upper part is characterised by Cardiaster ananchytis

and some other fossils, while Actinocatnax granulatus occurs in

both parts.

Such a division was suggested, in 1876, by Professor Barrois,

who referred to Sobltiter's sub-division of the Act. quadratus chalk

of the Mtinster district into two parts — namely, a lower zone

of Inoceramus lingua and Scaphites binodosm ; an upper

zone of Becksia Soekelandi (a sponge)—and Professor Barrois

then remarked that "these sub-divisions are quite recognisable

in Yorkshire ; the zone of Becksia Soekelandi is specially

characterised by the abundance of sponges, and it is a fact that

the beds of Danes Dyke, which are so rich in Sponges, also occur

in the upper part of this zone of Marsupites, near Bridlington."*

In Yorkshire, however, neither Inoceramus lingua nor Scaphites

binodosus are restricted to the lower zone, the Scaphite,
'

indeed,

having only yet been found in some quarries near Bridlington,

which must be in the higher zone. The lower part is, therefore,

more satisfactorily defined by the upper limit of the range of

Marsupites. Eemains of this Crinoid occur chiefly in certain

beds near Danes Dyke, which have a thickness of 53 fefet, and

some have been found lower down, giving a thickness of more

*Kecherches sur le Terr. Cret. Supe'ricur, p. lOS.
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than 120 feet for this subzone; none have yet been obtained
from the lower 273 feet of this flintless chalk, some or
all of which must represent the subzone of Uintucrinus.
Actinocamax granulatus and Inoceramus lingua range down to

the very lowest beds, and it will be convenient for the present

to class all this lower portion in the zone of Marsupites, which
thus, according to Mr. Lamplugh's measurements, has a thick-

ness of 402 feet.

In the extreme south-eastern part of Yorkshire the chalk of

the Marsupites zone is either absent or concealed by the glacial

deposits, but it comes in a little to the south of Beverley, and is

exposed in three large quarries at that place. For the following

information about these I am indebted to Mr. J. W. Stather. The
largest is that of the Victoria Whiting Works, which is about

100 feet deep ; east of this is the Queensgate pit which is nearly

as deep, and the third (Davis' pit) is about 60 feet. The whole
of the chalk exposed is flintless, and a boring now being made
(1899) at the Beverley Waterworks (close to the Victoria pit)

reached the first flints at 176 feet from the surface. Plates of

Marsupites are common in a band near the top, Actinocamax
granulatus is common throughout, as is Echinocorys scutatus.

Gidaris sceptrifera, and a few other fossils have been obtained.

The following particulars respecting the chalk exposed in Davis's
pit are quoted from the " Transactions of the Hull Geological
Society for 1895-6," but Mr. Stather having sent mo Iho
Belemnites for examination, I am able to state that they are .-ill

referable to Actinocamax granulatus :

—

Ft. in
Chalk nibble - ... - - 10 to 15
Solid chalk with Marsupites and Mhynchonella - - 5
Soft chalk--- -.-13
Very hard chalk used for road metal - - - 8 9
Thin layer containing many Act. granulatus - - - 6
Compact chalk ... ----12 6
Thin earthy band
Rard chalk -mth Ehynchonella - - - - 6
Chalk -with Echinocorys scutatus and Act. granulatus - 7

About 56
From Beverley the flintless chalk runs northward by Kilnwick

and Bainton, and its boundary has been mapped by the Geological
Survey round a synclinal, which runs out eastward toward
Huggate (see Fig. 66), curving back by Tibthorpe and Kirkburn.
West of Driffield it comes in again by Garton and Wetwang,
and spreads northward over a large area, as well as eastward to

Bempton, Flamborough, and Bridlington.

Mr. Mortimer* mentions a quarry a quarter of a mile north
of Wold Newton, which exposes over 40 feet of flintless chalk,

and Mr. Stather informs me that he has obtained plates of

Ma/rsupites from a small quarry near Bartingdale Farm, 3 miles

• Proc. Geol. Assoc, Vol. v. p. 351 (1878).
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south of Hunmanby and from one a little east of Flamborough
Railway Station.

Coming now to the coast section, we find the junction of the
zone of M. coranguinum with that of Marsupites exposed in
Selwick's Bay, on the north side of Flamborough Head. The
fault in this bay has abeady been mentioned, and it was probably
on the west side of the bay that Professor Barrois took the section
given in his "Recherches" (p. 197). Of this the following is

a translation :

—

Feet.
White chalk without flints .... - - 33

'

Thin layer full of fragments of /Tiocerami - - - . . q
Chalk -without flints, in beds of from 4 to 1^ inches thick with

irregular, yellowish, indurated surfaces - - i6
Chalk with seams of grey marl and two layers of grey flints,
one thin and tabular . . iq

65
Plate III (Vol. II), shows the basal part of the zone of Marsupites

aa exhibited in the clififs on the northern side of Selwick's Bay at
a point known as Kindle Scar. Like Plate II it is borrowed from
Mr. Lamplugh's paper on the Whife Chalk of Yorkshire.

The junction can be seen again at High Stacks, the most eastern
promontory of the headland where according to Mr. Lamplugh,
a little over 100 feet of the Chalk without flints come in between
High Stacks and South Sea Landing. The distance is about
two miles, but the coastline here runs nearly at right angles to

the dip. The chalk is of uniform character, being hard and
flaggy, with many thin seams of marl, and from this part of the
coast-section Mr. J. W. Stather has obtained numerous small

fossils, including Infulaster rostratus, Cidaris (spines), Parasmilia,

etc. One of the most productive bands occupies the base of the

cliff from East Nook to Cattlemere Scar, a distance of about a

mile and a half.*

Professor Barrois also collected from the same line of chff and

obtained fourteen species, the most notable being Belemnites

Merceyi (= grariulatus), Inoceramus lingua, Terebratula sexradiata,

Marsupites ornatus, Offaster corculum (=piUula), and Parasmilia

monilis. He remarks on the absence (or great rarity) of

Micrasters, and observes that Schliiter has called attention to their

absence in the zone of Act. quadratus in some parts of Germany.

Between South Sea Landing and Danes Dyke is a distance of

about a mile, but as the dip becomes rather more pronounced

and its direction is south-west, higher and higher beds are brought

in, and Mr. Lamplugh measured a thickness of 214 feet between

these two spots. Most of the beds which he enumerates are de-

* Lamplugh, Notes on the White Chalk of Yorkshire, Proc. Yorksh.

Geol. and Pol. Soc., Vol. xiii. p. 84 (1895).

.
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scribed as flaggy chalk with occasional thin seams of marl, but

here and there he mentions the occiurence of more massive

compact bands from 1^ to over 2 feet thick. Fossils are not abun-

dant in this series of beds, but Mr. Lamplugh obtained Act.

granulatus and some Echinoderms from the upper part, and
Professor Barrois found Actinocamax verus, Ostrea vesicularis, and
Bourgueticrinus ellipticus.

Mr. Lamplugh allows 30 feet for the valley interval where the

chalk is not actually seen at Danes Dyke, and above this he
found a thickness of 53 feet, in which plates of Marswpites

occur. From his description most of this consists of soft white

chalk which weathers into thin platy or flaggy pieces, but there

are occasionally thicker beds of firmer chalk, and occasional seams

of marl. Marswpites are most abundant in the upper 26 feet of

this chalk. Professor Barrois obtained fourteen species of fossils

from this band, including Inoceramus lingua, Cyphosoma
Konigi, three species of Cidaris, Marsupites testudinarius, and
Caryophyllia cyli-ndracea.

Zone of Actinocamax quadratus.

Assuming that the highest bed in which Mr. Lamplugh found
remains of Marsupites is the top of that zone, then the over-

lying beds which come in near the headland west of Danes Dyke
must represent the lower part of the zone of Act. quadratus as

developed in the South of England. It is true that Act. quad-
ratus has not yet been found in Yorkshire, all the Belemnites
found by Mr. Lamplugh and Mr. Stather being referable to Act.

granulatus, but the typical Act. quadratus is a rarer fossil in

England.

These upper beds of the coast section are characterised by the
abundance of Sponges, and by the occurrence of Cardiaster

ananchytis, but Offaster pillula seems to be rare, so that the
fauna differs in some respects from that of the beds which are
presumably their equivalents in the southern counties.

From Mr. Lamplugh's account we learn that the beds which
contain Marsupites are succeeded by chalk which differs httle

in lithological aspect, consisting of alternating beds of flaggy and
compact chalk with occasional seams of marl. It is in this

portion of the section that the Calcispongia are so abundant, their

occurrence constituting one of the most striking peculiarities

in the palaeontology of the Yorkshire Chalk. Many genera ai'e

present, inahiding Phymatella, Bolospongia, and Stichophyrna, and
in higher beds Verruculina, Seliscotlwn, and Scytalia. Actino-

camax granulatus is not rare. Mr. Stather has found Cardiaster

ananchytis, and Infulaster, and Prof. Barrois records Offaster

pillula. These beds have a thickness of about 120 feet.

The very highest beds under Sewerby Park consist of chalk

which weathers into thin flaggy pieces, about 35 feet being



288 THE CRETACEOUS HOCKS OP BRITAIN.

exposed. Mr. Stather reports that Cardiaster wnomchytis is not
uncommon. Ventriculites cribrosus and other sponges also occur.
The exposures on White Hill north-west of Bridlington, and

on Bessingby Hill to the south-west must be in higher beds than
any seen along the coast, and for these Mr. Lamplugh allows an
additional thickness of 100 feet.

A sharp-keeled Ammonite, obtained by Mr. Stather from the
Marmipites zone at Beverley, was sent to Mr. G. C. Crick, of the
British Museum, who states that it comes nearest to Am. pseudo-
gardeni of Schltiter. Two Scaphites, obtained by Mr. Stather
at White Hill, were recognised as probablv Sc. bvnodosus by Mr
E. T. Newton.

Fossils of the Upper Chalk of Yorkshire.

The following hst of fossils has been compiled from several

sources ; the authorities for the occurrence of the species are
indicated by letters, and are as follows :

—
B.—Species recorded by Professor Barrois in his "Eecherches

sur le Terrain Cr^tace de I'Angleterre et de ITrlande " (1876).
H.—Species described by Dr. Hinde in his Catalogue of the

Fossil Sponges in the British Museum.
L.— Fossils in the collection of Mr. G. W. Lamplugh, identified

at Jermyn Street.

M.—Fossils in the collection of Mr. Mortimer, of Driffield, re-

corded by Mr. J. F. Blake in Proc. Geol. Assoc., Vol. v. p. 232
et seq. (1878).

S.— Fossils collected by the Geological Survey, including those

obtained by Mr. W. Hill in 1899.

St. -Fossils obtained by Mr. J. W. Stather, of Hull.

Zone of Micraster
S. planus. Zones.

Marsupite
Zone.

Quadratus
Zone.

Piseef.

Scapanorhynchus raphiodon, Ag.

Cephalopoda.
Ammonites [Desmoc] pseudo-gavdeni? Sa'diit.

„ BP- -

Hamltes sp. - - -

Scaphites binodosuB ? Roenur
inflatuB ? De/r. - -

Actinocamax granulatns. Btainv.

„ verus, Miller

Nautilus cf. darupensis ScMut. -

Basteropoda.

Pleurotomaria perflpectiva, Uant.

LamellibraTichiata.

Avicula tenuicosta, Roemer
„ sp.

-

- -

Inoceramus Brongniarti, Sow.

„ digitatus, Sow.

„ involutus, Sow.
lingua, Gold/. -

„ mytiloides, Sow.

.SP.L ."

Lima Hopen, Sow. -„ " •

Osbrea aoutirostrls, Buss. -

„ Tealoularis, Lam. -

„ sp.

SpondTlua latuB, Sow. -

truncatua ? dOrb. - - - -

S
S

M

MS
M
M

S
S
s

M
M

* Found at White Hill, near Bridlington.

St

S St

B S L St
B L St

St

M

B

B

9
B S

S

St

St*
L

B S L St
B

St

St

St
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CHATTER XXI.

THE UPPER CHALK IN PRANCE.

To give an account of the Upper Chalk of the Paris basin as a
whole would of course be a great undertaking, and would occupy
too much space ; but in this chapter we propose to give brief

accounts of the succession of beds to be found in the north-eastern

and in the north-western parts of the Paris basin, in order to show
that this succession is substantially the same as that which has

t)een described in England.

Just as in 1876 Professor Barrois described the English Chalk
from a French point of view, so now it will be interesting to regard

from an English point of yiew those parts of the formation in

France which correspond to our Upper Chalk. We shall thus see

that whatever classification may ultimately be adopted it will be

equally applicable to the North of Prance and to the South of

England.

1. The North-east of France.

Pas de Calais and Nord.—There is no cliff-section in the Pas

de Calais comparable with that of the Kentish coast. The zone

of Holaster 'planus comes into the top of the cliff at Cap Blanc Nez

(see Vol. II Fig. 85 ), but the cliff ends at Sangatte, and the shore

to the east of Calais is low and bordered by sand dunes.

According to Dr. Barrois,* hard rough chalk belonging to the

zone of Micraster cortestvdmarvum is seen in the down above

Blanc Nez cliff and at Setques, where it is quarried as a building

stone. Still higher above Blanc Nez the zone of M. (xyranguiwum

comes in, and is also exposed in old pits north of Peuphngue, with

the usual fossils, and is traceable southward into the Department

du Nord.

Still higher beds are found to the west of St. Omer, and are

referred by Professor Barrois to the zone of Marsupites, although

no plates of that fossil have yet been found in them. He describes

the chalk of'this horizon as pure, soft, and white, with very few

flints, and as"'containing among others the following fossils :—

Actinocamax verus.

Lima Hoperi.

Pecten nitidus.

Bourgueticrinus ellipticus.

Cidaris davigera.

„ sceptrifera.

Echinoconus conicus.

Micraster coranguinum.

The chalk of the department of the Nord has been well described

* Proc. Geol. Assoc. Vol. vi. p. 30 (1879).
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by M. Gosselet,* and more recently by L. Cayeux.'f In the

district of Cambresis the former divided this part of the

formation into three bands :
—

3. White chalk with'conchoidal fracture.

2. Glanconitic chalk.

1. Chalk with horn-like flints (craie k cornus).

The " craie k cornus " is a soft white chalk containing many
flints of irregular elongate shapes, lying both in layers and scattered

through the mass. The principal fossils are Ostrea sulcata

(semiplana), 0. hippopodw/m, Scaphites Gemitzi, Holaster planus,

and Micraster hremporus ( =Leskei). " This chalk has a thickness of

from 20 to 25 metres (65 to 80 feet) in the cantons of Quesnoy and

Solesmes. . . . Near Valenciennes it has a thickness of 15

metres (49 feet), but only 8 or 9 metres at Wiers and Conde. In

Flanders it crops out near Cysoing and Bouvines, but its 'thick-

ness is not more than 1 metre (3 feet 3 inches)4

The glauconitic chalk which overlies the " craie a cornus " in the

Cambresis is a greyish chalk with glauconite grains and much
phosphate of lime, either disseminated through it in small grains

or occurring as nodules. At Avesnes les Aubert this bed has a

thicknd'ss of six metres (20 feet), but it appears to thin out toward

the north. M. Gosselet records the occiu-rence of Micraster hrem-

porus and M. cortestudmarmm, the latter ranging up into the

overlying compact white chalk, the greater part of which
probably belongs to the same zone.

Near Lille these beds are greatly reduced in thickness, and form
part of a group which seems to have been formed in shallower water.

Professor Barrois gives the following section at Annappes :
—

Feet.

White chalk of Lezennes, etc. - about 26
CGlauconitic chalk with M. cortestudinarium in two beds

B
-^

each 5|^ feet thick - - - - 11
(" Tun," a bed of yellow phosphatic nodules - - 2
fGrey marls .... . . . gj

A -] White " tun," a bed of whitish nodules - - - 2
IMarl with elongate flints - Ij

Difeves with Terehratulina gracilis.

The beds in the bracket A were regarded by Professor Barrois as

the equivalent of his M. hremporus zone, which is nearly the

equivalent of our zone of Holaster planus, and those in the bracket

B as that belonging to the M. cortestudinarvwm zone. The white

tun is not phosphatic, and he regarded it as equivalent to our
Chalk Eock. The nodules of the upper tun contain 15 per cent, of

phosphoric acid, and they are large, waterworn, and covered with
Oysters, Spondyli and Serpulce.

* Descrip. g^ologique du Cambresis, Mem. Soc. d'emulation de Cambrai,
1865, and Esquisse g^ol. du nord de la France, p. 141, 18.

t Craie grise du Nord de la France. Ann. Soc. Geol. Nord. xvii, p. 105.

I Barrois, Terr. Cret. des Ardennes. Ann. Soc. Geol. Nord, T. v. p. 431.
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The white chalk which ip exposed near Lille and Lezennes has been
desci-ibed by Gosselet, Oheillouneix, Oitlieb, Barrois, and others.
It was by them referred to the zone of M. cortestudiriariwn, but
doubts were expressed by Professor Barrois in 1874, and in 1875*
M. de Mercey wrote that the presence of Inocerawms Mantelli,
Inoc. mvolutus, and Beletwnites mbventricosus suggested its'

being referable to the zone of M. coranguvniim. This view was
adopted by Professor Barrois in 1878,t though he maintained
that both M. coranguinvm and M. cortestudinafium occur in
these beds.

Still more recently (1889) M. de Grossouvre has correlated this
chalk of Lezennes with the lower part of the chalk of Villedieu,m Touraine,J and refers both of them to the higher part of the
zone of M. cortestudiwarmm,. He states that two characteristic
species of Ammonites occur at both localities. One of these is

Am. trimrinatus, d'Orb, and the other is a new species, which he
has since described as Am. [Peroniceras] Mmireti.

The chalk of Lezennes k described as soft, white, and homo-
geneous, with many black flints. Fossils are fairly common,
including the teeth of many species of fish, and the following
invertebrates :

—

Ammonites peramplus. Pecten cretosus.

„ Moureti.
| Lima Hoperi.

„ tricarinatus. I Epiaster gibbus.
Actinocamax westphalicus. Echinoconus conicus.
Inoceramus digitatus. Micraster cortestudinarium

„ involutus. Echinocorys gibbus.

„ Mantelli (? = latus) I

Aisne, Marne, and Ardemies.—Throughout the eastern part of

the Paris basin a band of chalk has been recognised by Professor

Barrois and others under the name of the " craie a Mieraster
brevvporus," and Barrois has foimd that it is everywhere
divisible into two zones.

Of these two zones he says the lower (zone of Holaster plav/us

maintains the same character throughout the whole region, but
the upper (zone of Epiaster brevis) presents three distinct facies,

which he describes under the names of the chalk of Eethel, the

chalk of Ohaimiont Porcien, and the chalk of Vervins.

The zone of Holaster planus is everywhere a narrow band of

hard and often nodular chalk, only a few feet in thickness, and
recognised by Professor Barrois as the counterpart of what we
know in England as the " Chalk Eock."

The upper division is from 100 to 130 feet thick, and its three

facies are as follows :
—

* Ann. See. Q6ol. Nord, T. ii., p. 120 (1875).

t Ann. Soc. G^ol. Nord, T. v. p. 468.

t Bull. Soc. G^ol. de France, Ser. 3, T. xvii. p. 521.



NORTH Ol' FKANGE. 293

1. The chalk of Vervins and Guise is described as soft, fliable,

greyish-white in colour, containing some disseminaited silica and
some fine argillaceous matter, and enclosing flints which are always

black inside, with a white coating, and are very variable in shape,

round, elongate, branched, or tuberculous, with a rough, irregular

surface ; they occur both scattered and in layers, and are of all

sizes, from that of a small marble to large masses like our
" Paramoudras." Fossils are abundant in this chalk, which is

about 100 feet thick, and it has yielded many of the same species

of Cephalopoda as those which occur in the German and English

zone of Heteroceras reussiamum. The following is a list of these :—

Nautilus sublievigatus.

„ Beussi.

Ammonites Neptuni.

„ peramplus.

„ cf. goupilianus.

Baculites bohemicus.
Scaphites Gteinitzi.

„ auritus.

Heteroceras reussianum

2. The chalk of Ghaumont-Porcien, further south, consists of

greyish and whitish marls, some of which are argillaceous and
sandy, containing flints of a bluish-grey colour, which adhere to

the surrounding chalk Uke cherts. Fossils are not niimerous,

but include Holaster plamAis, Micraster breviporus {=Leskei), and
alUed species, Tertbratvla hiiiemica, and some common bivalves,

but the only Cephalopod recorded is Scaphites G^i/nitzi.

3. The chalk of Bethel, in the coiintry of the Eethelois and
Champagne, is a mass of homogeneous white chalk, without flints

and with few. fossils, recalling in its general aspect the chalk of

our English zone of Terebratulma rather than that which
usually overhes the Chalk Eock. It has a thickness of about
40 metres (130 feet).

Prof. Barrois thought than in these departments of Aisne,

Ardennes, and Marne there was no chalk which could be referred

to the zone of Micraster cortestvdi/nari/wm,, but it has since been
shown that his zone of Epiaster brevis corresponds to that of

M. cortestudinarium, and this is directly succeeded by chalk
which has the character and fauna of the M. coranguirmmi, zone.

In the Ardennes the zone of M. corangmmwm consists of soft

white chalk without flints, but in the Aisne it passes into a
hard white or yellow chalk containing siliceous nodules and
intercalated beds of crystalline dolomitic sand.

Marsupites have not yet been foimd in these departments, though
Prof. Barrois thinks the zone is represented in his " assise a
Micraster coranguinum." Plates of Marsv/pites have, moreover,
been found at Sens in the Yonne and at Beauvais in the Oise

;

and M. de Grossouvre informs me that they are associated with
Actinocamax verus, Act. granulatus and Act. Grossouvrei (which
has a very shallow alveolus, and is a variety of Act. Toucasi).
Thus there is no doubt that the zone exists, though in some
places its thickness may be very small.
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The zone of Actinocamax quadratus was recognised by Hebert
in 1863 at Epernay, Reims, Laon, and La Fere, and has since been
traced by M. Peron, M. de Mercey, and others round the southern
eastern, and northern sides of the Tertiary basin of Paris, but has
not yet been recognised to the eastward. As in England, it is
characterised by ActmocaTnax quadratus and Offaster pilMa
together with Micraster glyphus, Scaphites constrietus, and
Hamites carolinus.

In Picardy a band of phosphatic chalk, similar to that of Taplow
occurs over a considerable area at the base of the zone of AdiJ-
camax quadratus. It has been worked at Beauval, near Doullens
and near Hallencourt (Somme), as well as at Hardivilliers (Oise)'
and_other places. The Doullens locality has been described by
M. Lasne,* who gives the following succession:—

Feet
4. Soft white chalk with flints.

3. Grey chalk with a nodular bed of rich phosphate at the
base, Act. quadratus and Act. verus 20 to 80

2. Soft white chalk without flints 30
1. Chalk with many layers of flints, hard and nodular in the

lower part - - about 60

The lower beds (with flints) are regarded as belonging to the
zone of M. cortestvdinarium, so that No. 2 occupies the place
of the M. coranguinum zone, and there would seem to have been
contemporaneous current erosion, by which some thickness of

chalk was carried away before the formation of No. 3.

M. de Grossouvre informs me that there has undoubtedly been
such erosion, for the surface of the ' white chalk (No. 2) is

hardened and perforated and covered with Ostrea semiplana.
He has also pomted out that at Hardivilliers and other places

three distinct horizons can be distinguished in the grey
phosphatic chalk, as below in descending order :

—

Chalk with Act. quadratus and Bel. mucronata,

„ „ Act. quadratus and Offaster pillula.

„ „ Act. verus and Act. Grossouvrei only.

and he regards the lowest of these as the equivalent of the zone

of Marsupites.f

M. Lasne describes the grey chalk of Doullens as consisting of a

white chalky paste, crowded with minute grains of brown phos-

phate of lime, all of which are derived from small organisms. A
sample of the rock was also examined by Mr. Strahan,J who
writes :

— " The grains are, on the whole, larger and darker than

those in the Taplow chalk, but they consist of foraminifera,

prisms of Inoceramus-shell, bone fragments and oval pellets, and

in all essential points the two deposits are identical. After

* Bull. Soc. G^ol. France, Ser. 3, 'J', xviii. p. 441 (1890).

+ See Bull. Soc. Geol. Fr. Ser. 3. t. xxii. p. 57, and t. xxvii. p. 132.

I Quart. Journ G^ol. Soc.. Vol. xlvii. p. 362 (1891).
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containing Cephalopoda and Holast&r plamms ; this has a thickness

of 6 to 8 metres (20 to 25 feet). This is succeeded by the chalk
with Micraster cortestiidinari/wm, which forms the top of the cliff,

but as the beds dip to the north-east they can be studied in detail

and their thickness measured between Senneville and the Petites

Dalles. This thickness is found to be 56 metres (=180 feet).

He says that the upper limit of this chalk as seen at Veulette is an
indurated surface perforated with tubules, and that this surface

is cut obliquely across several of the beds of the M. cortestudi-

narmm zone, so that the overlying chalk with zoned flints is

actually unconformable to the beds below.

Hebertjwas also of opinion that the M. corteslvdmcurivm chalk
becomes rapidly thinner to the west of Fecamp, being only 15
metres (49 feet) at Yport, and only 4 metres (13 feet) at Etretat

;

but, as he elsewhere* states, that its thickness at St. Jouin, still

further west, is 25 metres, there would seem to be some confusion

between its real thickness at the intermediate places and the

thickness of it which is actually seen above the beach. So far as

I can ascertain, no one has yet re-examined the zonal divisions

in this fine cliff section. Hebert mentions at Etretat a yellow

sandy chalk passing into a sandstone (gres), and containing

M. cortestudinarivm in abundance. Mons. Lennier describes

the lower beds exposed at Cap Antifer as " hard siliceous compact

white chalk, with rolled green and yellow nodules and irregular

veins of grey chalk." Evidently these resemble our Chalk Eock.

In the valley of the Seine near Eouen, and again at Villequier,

the zone of Holaster planus has quite the aspect of our Chalk Eock.

The following is a description of the section exposed in a quarr

near the top of St. Catherine's Hill at Eouen,f the measurements

given in metres being translated into feet :—

Ft. in.

White chalk with a thin continuous seam of flint at base 20

Soft shaly white chalk - 4

Very hard nodular limestone with many fossils, Am.
'<* prosperianus. Nautilus subloevigatus, Micraster brevi-

"porus, Rhynchonella plicatilis 10

Chalk with loose nodules of hard chalk, and some black *

flints of elongate shape; Micraster breviporus 6 6

Beds of compact chalk with three layers of hard nodules,

and two layers of flints ; Holaster planus and Micr.

breviporus 13 8

Hard white nodular chalk, in two beds 7 6

Thin layer of marly chalk Ij

Compact white chalk with scattered flints.

Over 50

* Bull. Soc. Qeol. Norm., Vol. vi. p. 415.

t Bull. Soc. G^ol. Norm., vol. vi., p. 387.
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At Villequier there were formerly large quarries, described b}'

M. Lenoier, from whose account the following is abridged :-

Feet.

Soft white chalk with layers of small cavernous flints.

/ Firm white chalk with larger flints {.Bryozoa) 30

Soft white chalk with many layers of small solid flints

having long projections {carnus) ,
26

Alternations of hard {bancs jaunes) and soft chalk 42
'^

] Soft chalk with solid flints and some contmuous

seams (bizets), and a hard yeUowish layer in the

lower part
- - 33

I Continuous seam of flint.

? Alternations of soft white chalk and hard yeUowish

I gritty chalk - -"
,

^**

~1 Chalk with yeUow and green nodules (f top of Chalk

1 Rock) - - - i

About 150

Comparing this with the sections at Rouen and Fecamp, it

would seem that the beds in the bracket B are referable to the

zone of M. cortestvdiTio/rimm, and have a thickness of about 130

feet, while the beds below may be referred to the zone of Holaster

planus, the base of which was not exposed.

There seems to be little information about the country to the

south of Villequier and the south-west of Rouen, and when this

part of the Chalk comes to the surface again in the valley of the

Loire it presents a very different aspect. The Turonian succession

of this district has been described in Volume II. of this memoii-,

and, according to M. de Grossouvre, the equivalent of the zone

of Holaster planus and M. breviporus is a yellowish sandy and

micaceous chalk, with a fauna of Bryozoa, Sponges, Echinoderms,

and Oysters. Above this near Villedieu are hard white crystalline

limestones,which are quarried at Ribochere to a depth of 4 metres

(13 feet) ; these contain Armnonites Noueli, Scaphites Gemitzi,

Inoceramnis Lamarchi, Acteonella crassa, and many other fossils,

and are considered by M. de Grossouvre to represent the

northern zone of Micraster cortestudinariwmj.*

B. The Higher Zones.— '^o far as we can ascertain, no more
recent description of the cliff sections of Normandy exists than
that of Hebert, published in 1875. No later paper is referred to

by M. de Lapparent in the last edition of his Traite de Geologie

(1900), and though Hebert did excellent pioneer work in zonal

sub-division, a revision of the succession is much required. In

the absence of this we can only refer to Hebert's account.f

Hebert divides the zone of M. eorangmnum, as seen in these

cliffs into two parts or " assises "
: (1) Craie k silex zon^s (chalk

* Op. eit, p. 507 and Table on p. 522.

t Bull. Soc. Geol. de France, Ser. 3, T. iii., p. 512.
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With, banded flints), and (2) craie a silex noirs caries (chalk with
cavernous black flints). The following notes are quoted from
his account :— Prom Etretat to Fecamp the craie a silex zones
is nearly horizontal, and forms nearly the whole of the cliff from
Yport to Fecamp ; it contains Gidaris perornata and Bryozoa
in abundance, but Micraster cora/nguinvm is rare. The steps of
Benouville afford an excellent section of this chalk, the thick-
ness there seen being about 65 metres (213 feet), but the full

amount may be 70 or 75 metres.

At Fecamp there is a powerful fault with a throw estimated
by Hebert at 100 metres (328 feet), which brings up the Ceno-
manian, and carries the zone of M. coranguinum to the upper
part of the cliff between that place and Senneville.

The higher division of this chalk can be seen in the southern
cliff at Fecamp, but is not there accessible. It comes in again
at Port Susette, near St. Valery, and forms the greater part of
the cliff between there and Dieppe. He states that the junction
of the chalk with banded flints and that of the chalk with cavernous
flints is well seen east of St. Valery, and consists of a bed about
2 metres thick, without flints, soft in the lower part, very hard at
the top, and pitted with tubular perforations. Above this the
beds dip to the east, and the following succession comes in :—

I. Chalk with M. coranguinum and a layer of broken
Inocerami one metre above the base and a hard bed at

at the top (xx) - - 20
H. Chalk with regular layers of flints, and a hard bed at the

top (zz) about 40
G. Chalk with a hard bed at the top (ss) - - 9
F. Chalk with many continuous layers of flint 40
E. Chalk with flints and many M. coranguinum - 28
o. Hard bed at top of chalk with banded flints - - - 2

Twelve metres above the hard bed (xx) three nodular bands are

seen, which half-way between PourviUe and Dieppe are about
30 or 32 metres above the beach. The cliff here is 91 metres
high, so that above these bands there is nearly 60 metres of chalk

which is not accessible. Fallen blocks, however, show that it

consists of soft white chalk with small flints, and Hebert was
unable to find any fossils ia them ; he remarks that it may belong

to the M. coranguirmm chalk, or possibly to the Belemnitella chalk.

When he wrote the zone of Marsupites had not been established,

and it seems very probable that some of this chalk with small

flints belongs to the zone of Marsupites or Margate chalk.

If Hebert's estimates of thickness are correct, and there is no
faulting, the total thickness of the chalk with cavernous flints

will be 137 metres (450 feet), but he thinks there may be a fault

with a throw of 80 metres at the Dun valley, and this woifld
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reduce the thickness to 187 feet, which is much more hkely, and
the whole zone of M. coranguinum would then be about 400 feet

thick.

The chalk of the area to the south and south-west of Eouen has
not yet been explored, but, as M de Lapparent remarks, * " When
we pass from Normandy toward the south-west we find a gi-adual

change takes place in the composition of the ' Emscherien ' (zones

of Micr. cortestudiruirium, M. coranguinum,, and Marsupites),

of the same kind as that affecting the Turonian and Cenomanian
stages. It is at Villedieu, in the Loir et Cher, that this change
becomes obvious. At this place yellow limestones make their

appearance, which were formerly regarded as an exceptional

facies of the basal portion of the Senonian, but M. de Grossouvre

has shown that the different zones of the stage are represented

in the succession, although their thickness is much diminished."

This succession is as follows : •

Above the hard white limestone mentioned on p. 297 are

marls often very glauconitic, and containing siliceous nodules;

in these beds occur Am/monites Emscheris, Micraster turonensis,

RhynchoTidla vespertilio, Ostrea probosddea, and 0. plidfera,

Bryozoa are also abundant. These beds are surmo\mted lay a

hard nodular sandy chalk, in which the commonest fossil is

Spondylus trv/acatxis, associated with

Ammonites syrtalis.

Nautilus Dekayi.

Baculites incurvatus
Lima marticensis

Vulsella turonensis.

Ehynchonella Eudesi.

Sphaerulites Coquandi.
Salenia Bourgeoisi.

The highest member of the succession near Villedieu consists

of chalk, full of large brown flints or cherts, which do not

detach themselves from the surrounding rock. The thickness of

these beds is from 20 to 25 feet, but fossils are rare in them ; they

have yielded Spondylus spinosus and Micraster Brongniarti.

A connecting link between the chalk of Villedieu and that of

Normandy is found at Chartres, where remains of Marswpites

have been found associated with Vulsella turonensis in a chalk

which M. de Grossouvre has shown to be a prolongation of the

zone of Am. syrtalis and Spondylus truncatus.-f

Since this chapter was written and printed, a detailed memoir
has been pubhshed by the Administration of the " Carte

Geologique detaillee de la France," written by M. de Grossouvre,

and entitled "Kecherches sur la craie sup^rieure" (1901). In

this treatise the author argues that the method hitherto em-

ployed in the zonal subdivision of the Chalk does not give

satisfactory results. Owing partly to the varying facies of the

deposits, and to the different vertical range which certain species

have in different areas, he thinks that many mistakes have been

* Traits de Gtologie, Quatr. Ed. (1900), p. 1365.

t La Craie de Chartres, Compte Kendu. Acad. Sci. Pans, 1892.
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made, and that zones based on collective faunas or assemblages
of various kinds of animals are difficult to correlate with one
another. He is of opinion that a more restricted fauna must be
taken as a basis of zonal classification, and he proposes a new set
of zones founded entirely on the succession of Cephalopod faunas,
and hke those established in the Jurassic System, they have
different species of Ammonites as their indices. These zones he
groups under substages, and the latter under the stages of
d'Orbigny. His scheme for the subdivision of the Senonian
and Turonian in the North of France is as follows :

—

ZONES. PARIS BASIN. TOUKAINE.



NORTH OF FRANCE. 301

found it upon the study of 'the special fauna which the beds
contain. Ihus where Micrasters and Euhinocorys are the pre-

dominant fossUs, we must base our zones on the succession of

diflferent species of these Echinoderms ; elsewhere the Hippurites
or other shells may furnish the requisite data. But when the
various local or regional classifications have been thus established

and we wish to compare them with one another, then thej"^ can
be referred to the standard stratigraphical scale which I propose

to establish by means of the succession of Ammonite-faunas."
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CHAPTEE XXn.

THE MIOEOSCOPIC STRUCTURE AND COMPONENTS

OF UPPER CHALK.

The base of the Upper Chalk is generally marked either bj' a

bed or beds of hard yellowish semi-orystalline limestone with

layers of green coated nodules, known as the Chalk Rock, or In

chalk of irregular texture, hard crystalline lumps or nodules being

enclosed in a softer mealy matrix and arranged in more or less

defined layers. In Norfolk and north of the Wash these litho-

logical characters are lost, and the lower beds of the Upper Chalk

have little to distinguish them.

In the southern and south-eastern counties layers of rough

nodular chalk, and sometimes beds of compact yellowish Hine-

stone, occur in some localities as high as the sunrniit of the zone

of Micraster cortestudinarmm, but in Bedfordshire, Hertford-

shire, and to the east and north-east the chalk above the Chalk

Rock is firm and white without nodules. Above this, though

its texture in mass varies slightly in different zones and in diflterent

localities, there is little variation in the aspect of Chalk from al-

the higher zones. In the southern and south-eastern counties

it is a white, dull, earthy limestone ; in Lincolnshire and Yorkshire

the Upper Chalk is much harder than that of the south.

The Chalk Rock and Zone of Holastee Planus.

Macroscopic Aspeci.—Though in the Thames Valley and in

localities in Berks and Wilts the Chalk Rock occurs as a compact

bed of limestone, it is also often a series of layers of hard rock

separated by softer chalk. It. exhibits a more or less nodular

structure when smoothed hand-specimens are examined ; this

character seems to come on gradually in each bed from the

base upward, and reaches its highest development in the green-

coated calcareo-phosphatic nodules which often define the upper

limit of each layer.

As in the case of the Melbourn Rock, there are all grada-

tions from the well-marked nodule to one whose outline is

scarcely perceptible, but the well-marked nodules of the Chalk

Rock are nearly always slightly phosphatic, and there is frequently

11 l)rownish discoloration of the whole material.
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Microscopic Aspect.

Structure of Typical Chalk jRoc/c—The sti'ucture exhibited

in thin sections of Chalk Eock from Dorsetshire and Wiltshire,

and from places along the main escarpment to Cambridgeshire,

is so characteristic that it is hardty possible to mistake it for chalk

from any other horizon.

The leading features are the abundance of Foraminifera, fora-

miniferal cells, and spheres, the number and variety of the coarser

sbell-particles, the presence of sponge-spicules and of large grains

of glauconite. Amongst tlie fragments of calcareous organisms

many pieces of plates, spines, or ossicles of Ecbinoderms can be

recognised, together with Inoceramms prisms and fragments of

other shells, while the varying structure of the other calcareous

fragments suggests derivation from a variety of sources. Foram-

inifera occur in almost every section, the commonest being

Glohigerince, Textularians,* and nautiloid forms like Cristellaria

and Rotalia. Hexa,ctinellid sponge-mesh is frequently seen, while

rod-like lengths, probably spicules of Monactinellid type abound,

and here and there trifid forms can be made out.

Thus the coarser fragments of a variety of organisms together

• with grains of glauconite are intermingled in the calcareous

matrix in ever-varying proportions, and give to the Chalk Rock
a character not seen at any other horizon. There seems to

be some evidence of ctirrent action, and a certain amount of

sifting of the finest material from the coarser ingredients h&s

taken place. Smoothed hand specimens of Chalk Eock, especially

those taken a little distance from the top of each layer, will often

show that the coarser particles lie in pipes, streaks, or motthngs
which appear to divide incipient nodules, while nearer the top

of the layer both nodules and matrix are more clearly marked;
The nodules themselves appear to be hardened masses of chalk

which has resisted this action, for they generally contain a smaller

proportion of the coarse particles than the matrix in which they
are now embedded ; on the other hand, it is possible to find a well-

marked calcareo-phosphatic nodule which differs very little in its

structure from the surrounding chalk.

The siUceous walls of all the sponge-spicules in the Chalk Eock
have disappeared, and though they have sometimes been replaced

by calcite, it frequently happens that the spicule is represented b}-

a hollow space or cast. Nearly all specimens of Chalk Eock are

full of minute holes, which appear to be casts of smaller spicules
;

these vary in shape from perfectly round to an elongate oval,

according to the angle at which the spicule has been cut.

A slice cut from the rocky chalk at the base of this zone at

Pinhay, near Lyme, shows all the characteristics of Chalk Eock,

* By the term Textularian we mean to include not only species of

Textmlaria, but also other forms such as Gaudryina which are difficult to

distinguish from the former in section.
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the only special features being that sponge-spicules are very

abundant, the Foraminifera in less variety and the glauconitc

grains smaller than usual.

A rock-bed, having a striking resemblance to the Chalk Eock,

occurs in the Broom Heath Kailway cutting, about 4 miles^ west

of Swaffham (NorfoUi). It is a hard semi-crystalhne limestone,

and agrees fairly well with Chalk Eock, but contains no glauconite.

Nodular Chalk.—Where the Clialk Eock is absent, as in Kent,

Surrey, and Sussex, and the zone of H. planus consists of rough,

lumpy, and nodular chalk, the nodules near the base of the zone

present a somewhat similar structure to that of the Chalk Eock,

but there is leas diversity in the appearance of the calcareous

fragments, and they are also smaller ; the plates and spines of

Echinoderms still occur, but besides these the organic remains

are chiefly " spheres " (which are very numerous), Foraminifera,

and smallish shell-particles, which seem to be broken up Inocera-

mus-prisms. Sponge-spicules are, .however, sometimes abundant,

and in several sections prepared from the hard nodules of this

zone, from Dover and Eastbourne, what appears to have been

Hexactinellid mesh-work is of frequent occurrence.

Glauconite grains are often present in these nodules, but this

mineral occurs far less frequently than in the Chalk Eock. Above

the Chalk Eock, or within 10 or 15 feet above the base of the zone

of H. planus, where Chalk Eock is not present, the microscopical

features which characterise the base of this zone pass away, and

the chalk assumes a more commonplace character, the recognisable

coarser particles being chiefly spheres, with a few GlobigervncB,

while the shell-fragments are chiefly Inoceramus-prisms, with

here and there pieces, plates or spines of Echinoderms.

A specimen taken near the top of this zone at Dover was pre-

pared to show both the nodule and the surrounding matrix. The

nodule proved in this case to consist of a dense calcareous paste,

now in a semi-crystalline condition, in which are outUned many
minute " spheres," one or two Globigervnce, and minute Textu-

larians, with here and there a smaill shell-fragment. The sur-

rounding matrix was full of Foraminifera and shelly particles,

some of the latter being recognised as InoceramMS-Tprisms.

The Chalk in which Holaster planus has been found in Norfolk,

Lincolnshire, and South Yorkshire, differs entirely in structure

both from the Chalk Eock and from the nodular chalk of this zone.

About 80-85 per cent, of it is amorphous calcareous material,

with a few small weakly outhned " spheres " and here and there

a G-lobigerma or a small shell-fragment.

The Chalk-Rock of the Winterbourne Valley West of Dorchester.—

The remarkable exposures of this zone in the Winterboixrne

Valley, near Eew Farm and Winterbourne Abbas, have been de-

scribed on p. 109, and as nothing quite like some of the beds there

seen has been met with in any other part of England, they seem
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to merit special description. A set of samples from these quarries

was handed to me by Mr. Jukes-Browne, and from an examination
of them the following account has been drawn up :

—

The Gritty CJmIIc (Rew Farm).—Thin sections of this chalk
show that the greater part of the rock consists of Foraminifera,

foraminiferal cells, and spheres, scattered amongst which are rather

coarse fragments of Inoceramus-prisms, and other indeterminable
shelly particles, a few pieces of echinodermal spines, plates, or

ossicles, and here and there a sponge-spicule. In one place the
cast of a fragment of hexactinellid mesh appears to be cut
through. Large grains of quartz sand and of glauconite ai'e

distributed through the mass of the rock.

In another specimen taken near the top of the quarry these

quartz grains are entirely absent and the chalk exhibits a structure

which closely approaches that of ordinary Chalk Eock. The
matrix contains many fragments of a variety of calcareous

organisms, amongst which plates, spines, or ossicles of Echinoderms
are conspicuous, together with other indeterminable shelly par-

ticles, all of which are of smallish size. The most abundant of

the recognisable ingredients are, however, foraminiferal cells,

spheres, and entire foraminifera, amongst which are Globigerinw,

Textularia, Rotalines, and some other obscure forms. Sponge
spicules, long, thin, and needle-like, are rather numerous, and
the rock is full of minute holes which appear to be casts of spicules

;

these are either perfectly round, and from this graduate to an
elongated oval, according to the angle at which the spicule is

cut in the section. AU appear to be of monactinellid type, no
trifid or hexactinellid forms were observed. There are also

six or eight circular forms which may be referred to Eadiolaria,

and are similar to that figured in the Melbourne Rock. *

The recognisable organic constituents form about 80 per cent, of

the rock. A few small glauconitic grains occur in the section.

Winterbourne Abbas.—The hard rock in the quarry at this place

(see p. 109) is, on the whole, similar to that of the upper part of the
quarry at Eew Farm, and closely resembles Chalk Eock in

structure. The recognisable ingredients which form about 70 per
cent, of the mass, consist, as before, chiefly of foraminifera, cells,

and "spheres," while smallish shell-fragments, such as broken
/uoceramMs-prisms, Echinodermal plates, etc., and other indeter-

minable shelly particles are scattered promiscuously through the

rock. A few sponge-spicules occur and also a few of the forms with
round outlines referred to above as Eadiolaria.

In this rock, however, there occur small nodular inclusions

of a totally different kind of material, which when examined
in thin sections has all the characteristics of rock from the upper

part of the Upper Greensand. Three of these nodules were sepa-

rately examined-

* See Qrart. Jour. Geo, Soc, vol. li., p. 608. PI. XXII., Fig. 2.

6821 U
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The first gave a section f of an inch, square, and proved to be a

glauconitic sandstone. The sand grains are rather coarse, average

about 3 mm. in longest diameter, and form about 55 per cent,

of the mass. Glauconitic grains make about 25 per cent. more.

There are one or two large shell-fragments, a few Foraminifera,

and a large Echinodermal plate, or ossicle. The whole is com-

pacted in a matrix of finely granular crystalline calcite; if any
siliceous material is present it is masked. The nearest approach

to the structure exhibited in this nodule is that of the sandy

Chloritic Marl of Mupe Bay, the matrix of which is very similar

to that of this inclusion, but the sand grains are coarser.

The second is a much smaller nodule and is surrounded by
the chalky matrix. It is nearly of the «nme character as the

last, but the matrix is more siliceous, and seems to consist largely

of fine amorphous material neutral to polarised light— probably

silicate of alumina. This nodule is sharply marked off from the

surrounding chalk, and there is not the slightest evidence of a

passage from one material to another. The slide, however, just

takes in the edge of another nodule, which is not so well defined.

The third nodule differs a good deal from the preceding. It

8 very sharply marked from the matrix of chalk, and when
viewed by transmitted light appears comparatively clear, though
a confused and irregular crystalline structure can be discerned.

Under crossed Mcols the crystals appear to be chiefly calcite,

but silica can be clearly seen permeating the whole mass. The
condition of the silica seems to be that of Chalcedony ; a crypto-

crystalline structure can be made out wherever the silica can be

seen clear of the calcitic crystals. Much of the silica must have

been originally in the globular colloid condition, for globules are

still to be seen in many parts of the slide, but all are now in the

chalcedonic stage. This nodule seems to contain very few sand

grains; those visible are very small, though possibly some are

obscured by the calcitic crystals. Nor are grains of glauconite

abundant, they occur sparingly throughout the nodule ; the elon-

gate form of two or three of them suggests that they are short

rod-like lengths, probably portions of a residuary spicular canal.

No sponge-spicules are visible.

A thin section was also made from the gritty glauconitic chalk

which is associated with the hard rock at Winterbourne Abbas,

and this proves to be almost identical with the gritty chalk from

Hew Farm ; it contains even more quartz grains and large grains

of glauconite are scattered throughout the rock.

Results of the Examinations of Washings.
Specimens of the Chalk-Eock and of the nodules of the chalk

which occur at this horizon are so hard that it is useless to wash
them, but the softer mealy matrix afforded material of interest.

Samples of this material were obtained from Dover and Hitchin,
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and from tlie chalk containing H. planus at Enthorpe (Soutli

Yorkshire).

Shell-fragments.—The larger fragments of shell, especially in

the Hitchin and Dover examples, were frequently so masked by
the crystallisation of caloite upon them that in many cases their

origin was uncertain ; some, horrever, were pieces of the shell of

Inoceramus showing the prismatic structure, while the finer

particles were chiefly broken /noceramws-prisms. Fragments of

the tuberculated plates of Micraster could be distinguished in all

specimens, most abundantly in those from Hitchin and Dover,

and rather stout spines of Echinoderms broken into short

lengths were of frequent occurrence.

The rounded ossicles of Asteroidea and the calcareous plates of

an Ophiurid like those found in the Middle Chalk (see Volume II.

p. 516), occurred frequently in the Hitchin and Dover specimens,

though hardly in such abundan?e as in the Middle Chalk ; at

Enthorpe they were less common.
Both the Hitchin and Dover specimens con^ained many frag-

ments of Bryozoa ; they were present also, though less numerously,

at Enthorpe ; in aU cases, however, they were more abundant
than in the Lower and Middle Chalk.

At Hitchin and Dover minute coprolites were very common,
they were ovoid and elongate in shape, sometimes with annular
ring-like markings, though usually smooth. These were not
noticed in the Enthorpe specimen. Associated with the copro-

lites were fish teeth or particles of clear brownish material, having
the structure of teeth or bone, and fragments of fish scales.

In this zone, at the Southerham quarry, near Lewes, there

occurs a bed in which these minute coprolites are so very numerous
that it has been called Phosphatio Chalk. This has been
described by Mr. A. Strahan, and is similar to the deposit dis'

covered at Taplow (Bucks) in 189 J. The following remarks
are condensed from his description.* The phosphatic chalk,

he says, " consists of a white chalky matrix in which are

embedded a multitude of brown grains." These " can be washed
out in water, but the separation can be better effected by dilute

acetic acid, which removes almost all the matrix, but scarcely

corrodes the brown grains." The grains, which are the

coprolites of small fish, consist largely of phosphate of lime,

and amber-coloured chips occur, which are probably fragments

of bone or fish teeth which occur in the bed. Prisms of

Inoceramus are abundant, but the internal casts of Foram-
inifera form a large part of the residues. A thin section

of the chalk shows the clear shells of Foraminifera surround-

ing the internal phosphatic casts. In a footnote he adds that the

figure given on Plate XX., Fig. 2, of the Deep Sea Deposits, Chal-

*Oii a Phosphatic Chalk with Holaster planus at Lewes, Quart. Journ.

Geol. See, Vol. lii. p. 463 (1896) with an Appendix by Mr. F. Chapman.

6821 u 2



308 THE CRETACEOUS HOCKS OF BRITAIN. r. "'

lenger Reports closely represents tlie appearance of the organisms

of the phosphatic chalk. The bed rests on a hard chalk floor,

which in thin sections under the microscope is seen to consist of

an amorphous calcareous paste enclosing numerous Foraminifera

though not nearly in such abundance as in the phosphatic chalk.

No foreign minerals were observed in this bed.

Sponge-Spicules.—ThoMgh many casts of sponge-spicules in

glauconite occur in the residues of the rock at this horizon, no free

siliceous spicules were found in the Chalk itself. From the evidence

both of residues and thin sections sponges must have existed in

considerable numbers, the sihceous walls of their spicules, however,

in all cases which came under notice, have disappeared, and

in many instances have been replaced by calcite. LitMstid

spicules have not been definitely recognised, but Monactinellid,

Tetractinellid, and Hexactinellid forms are represented.

Foraminifera.,—'ihese organi'jms are numerous in the mealy
chalk of this zone. From the phosphatic chalk of Lewes, Mr. F.

Chapman has. already recorded 42 species and varieties (Op. cit.

p. 270), and adding those isolated from our own washings and
residues, also identified by Mr. Chapman, the total number of

species from this zone will reach 66. They are distributed as

follows :—

Families.
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TJie most persistent species are Bulimina obtusa and Bulimina

afflnis, which occurred in all specimens examined, and next to

them were Tritaxia tricarinata, Textularia turris, Cristellaria

cultrata, Cristellaria gaultina, Globigerina Tnarginata and
Anomalina ammonoides. Pulvinulina michdiniana was very

common at Dover and Hitchin, but is not included in

Mr. Chapman's list from Lewes. Ammodiscus vncertus occurred

in this zone in Norfolk, and in all specimens to the north-eastward,

but in none of those to the south and westward. In the specimen

from Dover the genus Cristellaria was poorly represented

while in that from Hitchin five species occurred, including

one new one, a large, handsome, well-marked form. From Lewes,

Mr. Chapman records six species of Cristellaria^ and among the

other forms of the Eotaliidse is Gypsina cretcB, a species recorded

for the first time from the English Chalk (op. cit. p. 471.)

The Globigerinidse, though common, are lDy no means abun-

dant, and the individuals are less numerous than Anomalina
ammonoides or Pulvinulina micheliniana in the Hitchin and
Dover specunens. A complete list of the Foraminifera will be

found on p. 349 et seq.

Ostracoda.—Th.e valves of Ostracods were common, but not

abundant, in this zone. With the addition of one species, Cythereis

awHcwZato, from the phosphatic chalk of Lewes, the following is

the list of forms obtained from the washings, and named by
Mr. Chapman :

—
Bairdia subdeltoidea {Munster)

„ tarrisiana (Jones).

Cythereis ornatissima (Reuss).

„ auriculata (Cornuel).

Cytherella ovata (Roemer).

„ obovata (J. and H.).

„ Muensteri (Roemer).

All these have been found also in the Chalk Eook of Dun-
stable and Luton (see p. 229), and most of them range up from
the Cambridge^Greensand.*

Examination of the Residues.

Including three specimens analysed by Dr. Hume, there are

recorded in the annexed table the results of eleven examples of

the chalk of this zone after treatment with the acid solution.

Five of these are typical specimens of the Chalk Eock, the five

others are from localities where no definite and well marked

rock beds occur in this zone, while that from the Isle of Wight

is a specimen of the hard rocky chalk of the zone from Fresh-

water,

* Annals and Magazine cf Natural History, Ser. 7, Vol. ii. p. 346. (1898,)
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The largest proportion of insoluble material is found in the
specimens of Chalk Eock, viz., in that from the Vale of "War-

dour, 2 '91 per cent.; from Medmenham, Buckinghamshire,
1 75 per cent. ; Luton, Bedfordshire, 1 • 52 per cent. ; Hitchin,

Herts, "881 per cent. These results show a gradual diminution
of insoluble material from south-west to north-east along the

main chalk escarpment. In the extreme south-west, however, at

Pinhay Cliff, near Lyme, Dorset, an example of this zone only

jdelded a residue of '685 per cent., another, from Iwerne Hill,

Blandford, • 763 per cent., but further south at the Isle of Wight
the total amount of insoluble matter was 1 • 209 per cent.

Specimens of the nodular chalk of this zone from Eastbourne
and Dover give results nearly alike, the residue being a little

less than in Hertfordshire, but north of Hitchin a slight

increase in the amount is observable, when a specimen from
north-west Norfolk is compared with one from Hitchin, and a

further increase occurs in Yorkshire.

The sample from Eew Farm, near Dorchester, has an
exceptional amount of coarse residue, but putting this aside, the
amount of coarse residue is larger in all specimens of the Chalk
Rock than in the nodular chalks; this is chiefly due to the

amount of glauconite and green matter contained in it, the

quantity of detrital minerals being nowhere large, and only at

Hitchin was the amount of fine sand a specially prominent

feature ; even here the amount is very small.

The only minerals recognised by Mr. Teall in the coarse residues

of specimens of this zone were quartz and an alkali-felspar, but

in the example from Norfolk (Great Bircham) garnet is noted in

addition to these.

Dr. Hume, in a note on a sample of this zone from Pinhay

Cliff, Lyme, (see p. 312) records muscovite mica and tourma-

line. Compared with the Terebratulina zone there is some increase

in the maximum size of the mineral grains, the largest ' 72 mm.,
a single grain possibly of a somewhat exceptional size, occurred in

the residue of the Isle of Wight specimen, the next largest, "58

mm., being found in the specimen from the Vale of Wardour,

the average size remains small.

Secondary Minerals.

GloMconite.—Thia mineral is very conspicuous in the Chalk

Rock ; the amount of it, judging by the eye, seems much greater

than analysis proves to be the case, the dark grains showing

strongly in contrast to the white chalk.
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In an example of the Chalk Eock from Medmenham it was
estimated that 70 per cent, of the coarse residue consisted of glau-

conitic grains, or about "4 per cent, of the material examined.
In another from Hitchin, 48 per cent, of the coarse residue con-

sisted of glauconite, or " 14 per cent, of the whole material.

A sample from Barford railway cutting, Vale of Wardour, con-

tained still less, the amount of glauconitic grains being 55 per

cent, of the coarse residue, or only 'll per cent, of the material

examined. In the two latter specimens, however, the place of the

glauconite seems to be taken by the green-coloured amorphous
matter described in Vol. 11 page 312, and which, in the Barford
sample amounted to 25 per cent, of the coarse residue, or
• 05 per cent, of the material examined.

The grains in the Medmenham specimen have rounded well-

smoothed contours, the majority are dark green, a few are paler

or have a sort of dusty pale green rind. Casts of Poraminifera,

though common, are not extremely abundant, but some perfect

ones occur. Eods of glauconite, presumably residuary spicular

canals, are also conunon, but no well-formed recognisable casts

of definite form were noticed.

In the Hitchin specimen the grains were more frequently in

the form of oasts of Foraminifera. Eesiduary spicular canals,

either as simple rods or in well-marked tri-radiate forms, were
frequent, and one or two fragments of very small Hexactinellid

mesh occttrred.

The grains of the sample from the Barford railway cutting

were, for the most part, of quite a different stamp ; a few rounded
dark green ones occur, but the greater part are of a dull pale green

colour and are casts of foraminiferal cells or of small Foraminifera.

The more perfect casts were chiefly minute Globigerince, but
many other species were noticed. Casts formed of the green

mud noted above also occur commonly.

Eesiduary sponge-spicules are abundant, they were chiefly

rods, but there were also a good many tri-radiate forms ; no Heiac-

tinelhd mesh was observed.

Some of the grains in the Chalk Eock of Medmenham measured

6 mm. in their longest diameter, the average being about 27

mm., those from Hitchin were smaller, while in the rock from

Barford one or two grains reached • 5 mm., the average, however,

is not more than • 1 mm.

Besides glauconite there occurred in the Blandford and Isle of

Wight specimens a number of nearly white grains of siliceous

material which closely resemble those of glauconite in outline.

The grains were rather small and of irregular shape, but a few

were casts of small Foraminifera. One grain somewhat larger
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than the rest was observed to have a thin layer of green
material, apparently glauoonite. in its centre, the white matter
occurring below and above.
In all the coarse residues irregular fragments of porous iron

oxide occur. In the Enthorpe specimen minute spherules, red
brown exteriorly, but with darker interiors, were found.

To sum up, therefore, the most noticeable points observable
m the residues of the samples coming from the southern and
central parts of England are as follows :—

1. The presence of glauconite grains in some abundance.

2. The larger amount of quartz in the form of- fine sand.

3. The presence of some other detrital minerals— fel sp.ir, mica,
tourmaline, and garnet.

The following note on a sample from the Holaster planus zone,

Pinhay Cliff, Lyme-Eegis, is by Dr. Hume :
—

80'47 grammes of the rock yielded 552 grs. of insoluble residue,
= '686 per cent., divided into :

—

.Fine residue, "541 grs. ="672 per cent.

Coarse residue, "Olid grs. ="0143 per cent.

Hence the amount of CaCo=99'21 per cent.

The residue is almost entirely detrital in character, consisting

of highly angular quartz grains, glauconitic rods (three forked

ones in places), tourmaline (very small) • 06 mm. diam., muscovite
mica, and opaque white masses having no definite organic form.

1. The quartz grains which form the greater part of this

residue are in the main highly angular and very minute, a few

larger grains, some of them tinted yellow, attaining a diameter of

25 mm. The majority of the grains are clear and transparent,

but some of the larger ones are filled with innumerable gas cavities.

2. Muscovite mica is abundant in thin flattened flakes and
easily recognised by the reflection from their surfaces in the dry

powder.

3. Tourmaline occurs in minute blue grey fragments, showing

no crystalline form, but occasionally displaying columnar structuie.

These are very small as stated above.

4. The glauconite rods are numerous, and evidently originated

as internal casts of sponge spicules, a tri-radiate form being observed,

though most of the examples were simple rods with flat termina-

tions.

5. The larger ohalcedonic fragments have no well defined

form. The residue from this zone is very characteristic, especially

as regards the presence of glauconitic rods, and is almost precisely

identical with the residues from the same zone at Eastbourne and
near Luton.

In the following table is shown, first the general composition of

the samples analysed and next a more complete description of

the coarse residues^ as explained in Vol. II, p. 263,
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3^*^ I'HE CRETACEOUS EOCKS OF BRITAIN.

Zo>}E OF MiCRASTER CORTESTUDINARIUM.

Microscopic aspect of thin Sections.

The chalk of this zone varies somewhat in its structure when
viewed under the microscope in thin sections. Specimens from
near Cruxton in Dorset, from Boreham Down, near War-
minster, from Lewes (Sussex), from Dover and Chatham (Kent),
and from Modmenham (Bucks), all contain a large proportion
of shelly particles which in every case are of small size and appear
to have been much broken up. In the specimens from the above-
named localities these, with Foraminifera and " spheres," are
estimated to form from 35 per cent, to 60 per cent, of the deposit.

A sample of this zone from near Blandford only contains about
20 per cent, of the coarser ingredients, while two others from near
Hitchin contain still less and consist chiefly of amorphous
material ; the recognisable organic remains in one being estimated
at only 10 per cent., and in the other at about 15 per cent.

Another sample, from Great Durnford, near Salisbury, is chiefly

amorphous matter, with very few shell-fragments or foraminifera.

A specimen from Enthorpe in Yorkshire, contains a large

number of minute calcareous particles, presumably of shell,
" spheres," cells and the tests of Foraminifera forming with the

shelly particles about 25 per cent, of the rock. In all specimens
the walls of the " spheres," cells, and Foraminifera are as a whole
weakly outlined. From evidence of the sections the families of

the Textihlaridce and Globigerinidce are most frequently repre-

sented ; the area occupied by foraminiferal tests is, however,

never very large. In the Lewes, Dover, Chatham, Hitchin, and
Enthorpe specimens fragments of Bryozoa hav.e been cut through,

while in nearly all of them echinodermal plates or ossicles can

be observed. Sponge-spicules are entirely absent in the

specimens already mentioned, but one from Cruxton in Dorset,

contains traces of hexactinellid mesh, and the circular organisms

(see p. 305), believed to be Radiolaria are also to be seen. Grains

of glauconite are rare.

For examples of the beds of hard limestone which occur in

this zone we may take the following :

—

Kent, Chatham Hill.—Upper bed ofyellowish rock by the side

of the main road. This limestone when viewed as a thin section

under the microscope is seen to be full of organisms. Minute
" spheres " or foraminiferal cells are abundant, and a few larger

Foraminifera occur. Minute calcareous particles are distributed

throughout it, but only a few are sufficiently large to be identified.

Some are Jwoceramus-prisms, and one, judging by its outline,

for all other structure is obliterated, is an ossicle of a starfish.

Of the Foraminifera Globigerince are most abundant, and
smallish Textularians, and other broken or indefinite forms,

occur. The chief feature of the section, however, is the

abundance of sponge-spicules; some of these appear to be of
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lioxacLinellid type, others are simple rods cut through at various

angles. In every case the siliceous walls have disappeared and
are replaced by calcite.

Surrey, Guildford.—A large quarry near " Monkshatch.''

This bed is very similar to the last described, but shell-fragments

are more numerous, coarser than in the rock from Chatham
Hill. There is rather more diversity also in their structure;

many no doubt are derived from /uoceramus-shells, but some

have outhnes which indicate derivation from other sources.

Sponge-spicules occur throughout the slide; they appear to be

chiefly Hexactinellid type, but a few are simple rod-hke forms.

As before, the siliceous walls are replaced by calcite. There is a

little glauconite in this specimen.

Dorset, near Maiden Newton.—This rock bed differs from the

two previously described. Minute foraminiferal cells or " spheres
"

are very numerous, and form a considerable part of the rock.

There is a well-marked vein of coarse shell-fragments ex-

tending across this slide. Some of these appear to be the plates of

Echinoderms, and a spine of some size is cut through ; othei-

fragments are pieces of Inoceramus-shell, showing its prismatic

structure, and some free prisms. In the remainder of the section

shelly particles are not very abundant.

There are a few rod-hke sponge-spicules, and one of Trifid

form is well displayed, but there is no Hexactinelhd mesh. As
usual, the sihceous walls are in all cases replaced by calcite.

The expression cells or " spheres " is used advisedly in describing

the sections of the Upper Chalk. The minute bodies which appear

in the thin sections do not all seem to be the well-marked simple

spheres which are so abundant in the lower beds of the Chalk.

The walls of these bodies at this horizon are always thin and weak,

and the diameter of the cells less than those of the Lower and
Middle Chalk. Though representatives of the true " spheres

"

are no doubt present, many of the cells seem to be the young of

Globigerina or other Foraminifera.

Results of the Examination of Washings.

Specimens of this zone from Blandford in Dorset ; Lewes in

Sussex ; Dover in Kent ; Hitchin in Herts ; and Enthorpe in

Yorkshire, were washed with water and the coarser particles

separated by levigation.

Shell-fragments.—The prisms of Inoceramus and fragments of

the shell continue to be the most conspicuous of the Molluscan

remains, though fragments of shell other than those of Inoceramus

could be recognised.

Echinodermal plates and spines were frequent, and the calcareous

plates and ossicles of crinoidg or ptarfjsh occurred commonly.
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Fragments of Bryozoa were very numerous, and formed a
marked feature in the specimens from Lewes, Dover, Hitchin

;

these were rather less common in the Blandford example and in

that from Enthorpe ; though present they were not conspicuously

abundant. Minute fish teeth and ovoid coprolites were noted in

all the specimens, but were comparatively rare.

Foraminifera. Both in individuals and species Foraminifera
were distinctly less numerous than in the zone below ; the small

number of species isolated induced us tore-examine the specimens,

but without important result.

Families.
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Examination of the Residues.

Eight examples of this zone have been treated with the acid

solution ; three of the results given are extracted from Dr. Hume's
researches.

It will be observed for the first time that there is no sequence
in these results. The highest percentage of insoluble material,
3-72 per cent., occurs in a specimen from Medmenham, Bucks,
and this is almost equalled by another recorded by Dr. Hume
from Swanage, Dorset. The lowest are from Lewes, Sussex, and
Dover, Kent, -664 per cent, and "609 per cent, respectively ; the
sample from Enthorpe, Yorkshire, shows a slight decrease in the

amount of insoluble matter compared with the zone of H. planus
in this locality. The amount of the coarser particles is exceedingly
small, mineral grains being very scarce.

In two residues, one from Blandford in Dorset, and one from
Medmenham in Bucks, submitted to Mr. Teall, quartz and ortho-
clase were the only minerals recognised.

In an example from BaUard Hole, Punfield Cove, Dorset, Dr.
Hume found quartz, apatite, felspar, and tourmaline. *

The mineral grains are a little smaller than in the lower zone, the
maximum being -58 mm. compared with -72 mm. in the zone of

H. planus, and the average -08 mm. to "ll mm. Iron oxide
usually formed the greater part of that separated. It occurred
frequently in the form of short cylinders, as well as in minute
irregularly-shaped pieces. The Enthorpe specimen contained
marcasite in smaU octahedral crystals, much oxidized yet still

retaining their original form. This specimen also contained many
arenaceous Foraminifera, chiefly Ammodiscus and the tubes of

Rhizammina in short lengths. Arenaceous foraminifera were
absent in all the other specimens except that of Lewes, in which
two specimens of Ammodiscus occurred. Glauconite was rare in

all samples.

The generalisations made by Dr. Hume on the chalk of the zone
appear to be correct ; they were :

—

1. The almost total absence of glauconite grains and rods.

2. The consequent larger percentage of grains of quartz and
felspar in the coarse residue.

3. The absence [or rarity] of arenaceous Foraminifera.

It will be noticed that the total amount of" coarse residue is

generally much less than in the zone of H. planus, but the

quantity of quartz and felspar present is probably about the same.

* Chemical and Micro-Mineralogical Researches, page 59.
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Zone of Mioraster Cokanguinum.

Microscopic aspect of thin sections.

Thin sections of the chalk of this zone show that it consists

chiefly of amorphous material ; in the majority of specimens the

proportion of the ingredients which can be recognised as particles

of shell and Foraminifera, whole or broken, are variously estimated

from 5 per- cent, to 15 per cent., of the mass though occasionally

they exceed this amount.

Thus in examples obtained from Whitehill near Blandford,

Odstock near Salisbury, Taplow in Buckinghamshire, St. Mar-
garet's Bay near Dover, Knebworth in Hertfordshire, particles

sufficiently large to be definitely recognised and presumably
derived from shells, and Foraminifera in no case exceed 15 per

cent. One from near Burling Gap, Eastbourne, contains an
exceptional amount of shelly particles, these with Foraminifera
forming about 35 per cent, of the rock ; while in another from
Charlton, near Salisbury, and probably near the base of the zone
spheres and cells form half the chalk, shell fragments being rare.

A series of specimens from this zone in the Isle of Wight may be
described as follows :—

Base of the Zone.— Chiefly amorphous material. There are a
good many " spheres " or foraminiferal cells, more than in any
of the foregoing, two large Globigerince only occur in the section

;

one is a mere shadowy outline, in the other the shell of the test

is better preserved, though it is broken and crushed. Very few
small shell-fragments. The coarser particles and Foraminifera
form here about 12 per cent, of the chalk.

Middle of the Zone.— This specimen contains more calcareous

particles. These are not Inoceramus-Tprisms, but fragments of

irregular shape. One large piece is of chambered structure, pos-

sibly a Bryozoon, and the outline of others suggests derivation

from the same or a similar organism. Besides these larger frag-

ments the chalk is rather full of minute particles, presumably shell.

" Spheres " and foraminiferal cells are common, but there is not a

single Glohigerina in the whole section, though there are a few
Textularians and one or two indefinite forms. The coarser par-

ticles and Foraminifera may be estimated about 25 per cent.

Upper part of the Z(me.— Foraminiferal cells and spheres fairly

numerous, three or four large sized Globigerince and one or two
Textularians occur. There is one piece of a Bryozoon, and the

section just takes in the edge of a large Echinoderm plate.

Throughout the section, but more abundant in some places than
in others, are thin, thread-like lines of crystalline calcite ; they

6S21 X
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are of no great length, rarely they can be seen to bifurcate at one
extremity ; they are probably sponge-spicules.

At Culver difif at or above the top of this zone there are four

lines of green-coated nodules.* Specimens of these nodules were
submitted to a microscopic examination, and were found to consist

mainly of the fine amorphous material of the chalk with a some-

what unusual number of perfect Foraminifera ; sponge-spicules are

also present, their siliceous walls being replaced by calcite. The
colouring matter appeared to be due to a green material which had
accumulated in the interior of the foraminiferal cells, but the whole

material was sometimes tinted green with no apparent change in

its constituent particles. In some of the nodules were ramifying

cylindrical perforations filled in with white material, which showed
in strong relief against the remainder of the nodule.

In a specimen from Creake in Norfolk, probably from near the

base of the zone, shell-fragments were more abundant than usual

;

a few //loceramws-prisms occur, and many of the other particles,

which are small and angular, are probably derived from the same
shells. The Foraminifera visible are chiefly Textularia and a few
well defined though minute Globigerince, with some other

indefinite forms which cannot be identified in thin sections,

together with single cells and " spheres." The area occupied

by these organisms and particles of shell is about 20 per cent, of

the Chalk.

A sample from Kirk Ella quarry, near Hull (Yorkshire), is

probably just above the middle of the zone, but perhaps higher.

In this specimen there are a few well-marked large Globigerince

and Textularia, while those of minute size together with cells

and " spheres " are fairly numerous. Very few shelly particles

occur, but there are one or two portions of Echinodermal plates.

Coarse particles, etc., about 20 per cent.

Results of the Examination of Washings.

The specimens of Chalk from this zone examined by washing

were obtained from Quidhampton, Wiltshire (middle of the zone),

Dover (near the base), Chatham (near the top), Hitchin (the centre),

Eudham in West Norfolk (lower third).

Shell-fragments.—The quantity of shell-fragments separated

from the finer material by levigation was less than in the zone

below. They included /noceramws-prisms, fragments apparently

* Geology of the lale of Wight, by C. Keid and A. Strahan, Meiia.

Qeol. Survey, page 79 (1889). These nodules are most probably in the
jtone of Maraiipites.
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of Pecten, flat pieces of uucei'taiii dei-i\atioii and not infi-cquently

minute specimens of 2'erebratulina or fragments of the shell. In

the Upper Chalk many prisms of shell probably derived from
Inoceramus differ from those of the Lower and Middle Chalk,

they are usually larger, longer, more rounded in outline and gene-

rally less wedge shaped than the prisms met within the lower

zones. From this zone upwards /woceramMS-prisms no longer

form a conspicuous feature amongst the coarser particles obtained

by washing. Echinodermal plates and spines occur sparingly,

but the plates of Orinoids or Starfish were either absent or rare.

Very few fragments of Bryozoa were seen.

No fish teeth or coproUtes occurred in any of the specimens

from the localities above mentioned.

The two remarkable beds of phosphatic chalk discovered at

Taplow, and described by Mr. Strahan,* belong either to this

zone or to that of Marsupites (see p. 219). The upper one is 11

feet, and the lower 4 feet thick. Like that of Lewes (see p. 307)

they are full of brown coprolites rich in phosphate of lime.

They rest on floors of hard nodular rock into which the

soft material of the overlying phosphatic chalk is piped.

Mr. Strahan describes the piped chalk as follows:
—"A thin

slice of the piped chalk from just below one of the brown beds

shows white chalk traversed by tubes full of the brown powdery
variety. The white chalk contains a few scattered Foraminifera,

all imperfect. The test appears as a sharply defined clear layer,

and encloses granular material resembling the matrix, or in some
cases a crystalline substance, but in many instances is empty.

Many of the foraminiferal chambers show a black cross ....
presumably due to a radial structm-e of the test. The tubes men-
tioned are sharply defined and crowded with organisms, most of

them filled entirely or partly with an opaque brown mineral."

The contents of the brown rock obtained by powdering are

chiefly brown grains, which are without much doubt the excreta of

small animals, pieces of fish teeth and bone, prisms of Inoceramus,

etc., and many Foraminifera. The fine mud consists mainly of

coccoliths [i.e., pseudococcoliths], discoliths, and rhabdoliths.

Foraminifera. — Foraminiferal tests were more numerous
amongst the coarser particles of the washings than in the zone of

Micraster cortestudinarium, and the phosphatic chalk of Taplow
is very rich in Foraminifera.

* On a Phosphatic Chalk with Belemnitella quadrata, at Taplow.
Quart. Journ. Geol Soc., Vol, xlvii. p. 356 (1891).
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Mr. Cliapman identified 51 species among those isolated from
our washingSjthe followingfamiliesand genera being represented:

—

Families.
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CytheroDteroa alatiim, var. cornuta, Bosquet.

CythereDa ovata, Eoemer.

„ obovata, J. & H,
„ Muensteri, Eoemer.

„ williamsoniana, Jones.

No aponge-spicules occurred in the washings.

Examination of the Residues.

In the annexed list of six specimens of the Chalk of this zone

subjected to treatment with the acid solution we include three

by Dr. Hume.

It will be seen that the percentages of the insoluble material

are again irregular and there is no sequence when the specimens

are compared one with the other, but as a whole there is a smaller

percentage than in the zone below.

The Norfolk sample is the purest chalk, giving only a residue

of • 750 per cent., while that at Culver Cliff, Isle of Wight, contains

2'50 per cent, of insoluble matter, this sample, however, seems to be

taken from the bed of green-coated nodules which occurs at or

above the top of the zone in this locality. *

The percentages of the coarser particles is exceedingly small,

the largest amount occurs in the specimen from Kirk Ella, York-

shire, but this is due to the occm-rence of fragments of siUcified

shell.

Detrital Minerals.—Grains of quartz and alkali felspar are

the only minerals recognised, so few indeed are they that the

whole of them could usually be counted. The average of the

maximum size of the grains is the same as in the underljong zone,

but the general average is larger. Three large grains in the

Norfolk specimen, however, partly explain this.

Secondary Miiierals.—Glauconite occurred only in two samples.

Thi'ee rods, apparently i-esiduary spicular canals, were noticed in

the residue of the Blandford specimen and Dr. Hume records

glauconitic rods and spherules in that from Culver Cliff.

Iron oxide occurs usually as minute spherules, brown exte-

riorly with darker centres, and not so frequently in the irregular

shapeless masses which are met with in the lower zones.

In many residues of the Upper Chalk small irregularly-shaped

masses of milky-white colom^ frequently occur. They are

siliceous and when broken into fragments polarize with brilUant

colours similar to chalcedony. They ai'e not solid as a rule, but

consist of irregularly shaped mammillated aggregations of silica

Brmly fused together.

* Chemical and Micro-Mineralogical Researches, page 65.



326 THE CKETACEOUS HOOKS OF BRITAIN.

Ph H Li Qi S fS c^ o aj O

So

a ,g 'S as „ «

« ..a Opgc" © o S a *

gS o Mag

O no B-S fe" O

u OlS P- S o

S,«p=i
IH o S «

3S„S

apgSg ".s.sG-a.s'-'

o * p s^© ^ g StJ i«

°OHi»>sl,s°ao«Hss

ftags§«fi..So3^.|o
8 2"-SPa2S,l^ig|a

;^ iii p 5 bj c a>

-P S S fl*tt "? oM O ° P °S PT3"SB^g3

sag," ,.SS.S"S|S

V es 0)

_ Co"

o-g a (o s«

||s If

fl JD 2 _. « 0*2 rt 5
4 (4 a es 01^*0 ut a

o*i S <» S S «

sissies

I b* *'r* S3 "O J. a
o S a? rt(N.S rt

sa
p

1

ill'•P.2 b

|-?sa

I I I

a a
a

^3
P a>SP

Is

•BUIBJQ

I0 9zis33«nAy a'^

BDIBJO JO
9ZIS mnmpcvj^ a?' 1 I

&
u 5]

18. i 5 K

'dnpiss^ JO
-{^n93iediC!}ox

anpras'a; sm^
JO '((nao 'j8j

9np{BeX SSJ'BOQ

JO '^aao a9j[

•pioy m 8iq
niog •%uao jsj

30 '^utioniv

'J9qmn>i

'3v

rI

S S 5£ !^i l«i

3gC
W| ^1



microscopic structure. 32y

Zone of Marsupites.

Microscopic aspect of thin Sections.

Tlie thin sections of the chalk of this zone which we have
examined number only seven. The localities fromwhich the samples

were taken ai'e Blandford in Dorset, Highfield near Salisbury,

the Isle of Wight, Arundel in Sussex, Margate in Kent, and
from the lower third of the flintless chalk from Flamborough, York-

shii-e. All these specimens, and indeed those of the two succeeding

zones, exhibited such a general resemblance in microscopical aspect

that one description might almost serve for all.

The decrease in the amount of recognisable organic particles

continues, the coarser material scarcely exceeding 10 per cent, of

the mass in four out of the seven specimens. Of the three

exceptions, the example from Highfield, holds about 15 per

cent, of small shell-fragments and Foraminifera, that from
Margate contains rather more shell-fragments, these with the

foraminiferal cells, " spheres," and entire foraminifera, forming 15

to 20 per cent, of the mass. In the case of the fiintless chalk of

Yorkshire there are scarcely any shell-fragments, but foraminiferal

cells and " spheres " are rather numerous.
Shell-fragments are very few in number and usually so small

that it is impossible to suggest from the examination of thin

sections whence they were derived. Veiy few recognisable

Globigerince occur, in two of the slides there seem to be none;
that of the flintless chalk contains three or four, and possibly some
very minute forms which occur in the Blandford example may
be referred to this genus.

Minute Textularians are to be seen in most of the sections. The
few larger forms which occur are usually too indefinite for

identification in section.

Results of the Examination of Washings.

Three specimens of this zone were broken up and washed with

water, they were obtained from Blandford (Dorset), Arundel
(Sussex), and Margate (Kent).

Shell-fragments.—Inoceramus-Tprisixis of the long rounded

typ6 formed a considerable part of the calcareous particles, and

were most numerous in the Margate and Arundel specimens

Besides these, a few flat pieces and here and there a portion of a

ribbed shell were noted. Rather large fragments of calcite often

occur, not only at this horizon, but in most of the Upper Chalk

zones ; these sometimes can be made out to be fragments of Inoce-

ramus and probably the thicker parts of other shells, but some seem

to have no structure or if they have it is obscured by the redeposition

of ealcite.
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Plates and spines of Echinoderms were common in the Arundel

sample, in which also were noted ossicles of Asteroids and Orinoids,

but in the othfer two specimens such fragments were of less frequent

occurrence.

A few fragments of Bryozoa were noted in each sample.

The chalk of this zone from Arundel contained also minute ovoid

coprolites, and clear amber coloured fragments which appeared to

be either teeth or bone.

Foraminifera.—Though the list of forms is not so long as in

some other zones, Foraminifera are individually abundant at this

horizon at all the above localities.

The specimens isolated were named by Mr. Chapman, who
found 40 species belonging to the following genera :

—

Families.
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Arenaceous forms were not found in any of the soatliei'u

samples, but in the flintless Chalk of Yorkshire they recurred
in some abundance. Ammodiscus incertus and Rhizammina
indivisa were the most frequent, and the list includes a new
species of Reophax and another of Haplophragmium.

The valves of Ostracoda seemed rather more abundant amongst
the coarser particles and the following were isolated from the
washings and named by Mr. Chapman :

—

Pontocypris bosquetiana, Reuss
Bairdia subdeltoidea, Munster
Cythere (species).

CythereLs ornatissima, var. paupera, J. & H.
Cytheropteron concentricum, Reuss var. virginea, Jones

„ umbonatum, Will.

Cytherella ovata, Roemer
„ dbovata, J. & H.

williamsoniana, var. granulosa, Jones
„ Muensteri, Roemer

Examination of the Residues.

Four specimens of this zone were treated with the acid solu-

tion. The results of three of these call for no special remark.
They are all very pure chalks containing less than IJ pei- cent.

of insoluble material. The coarse residue separated from the
lino clay was very minute in quantity, and consisted of a few
quartz grains, the average size of those measured being 07
mm., and spherules or particles of iron oxide.*

In the fourth example, that of the flintless chalk, from near
Flamborough, Yorkshire, the insoluble residue, chiefly fine clay,

reaches 3'120 per cent., an amount exceeded in two oases only
above the horizon of Holaster plam,us. It seems at first sight

exceptional both for the horizon and the locality, but this

increase of clayey matter in the highest beds of the Yorkshire
Chalk is confirmed by the analysis of the specimen from the
overlying zone. The coarser part of the residue of the flintless

chalk consisted largely of the debris' of arenaceous Foraminifera,

and no less than six different species were isolated
. from it.

Amongst the mineral grains in this specimen Mr. Teall recognises

quartz and microcline felsjtar.

Secondary Minerals.— Glauconite is rare. Iron oxide frequently

occurs in minute spherules.

* Dr. Hume analysed a sample taken from the base of the pinnacles
"just outside Studland Bay " on the Dorset coast (see Chemical and Micro-
Mineralogical Researches, p. 65), believing this to be in the zone of

Marsupites, but Dr. Eowe has shown that it must be in the zone of

Bel. mucronata.
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Zonk of Actinocamax quadeatus.

Microscopical aspect of thin sections.

The specimens of this zone were nearly all obtained from the
South of England, and chiefly from the neighbom-hood of

Salisbury, viz., three from Britford, Whaddon, and Milford;*
one other was taken from Culver Cliff, about 70 feet above the
fiintlesa zone. They are all much alike and consist largely of amor-
phous material with foraminiferal cells and " spheres," the latter

being rather more numerous than in the zone below. A few
minute Textularia and nautiloid forms may be detected in each
slide, and occasionally the tests of the larger forms of Foraminifera,
which washings show to occur, are cut through in section, but are
not identifiable. Globigerince are rare. In one of the Britford
specimens (collected by Mr. Jukes-Browne) thin, thread-like

sponge-spicules occur ; one form is trifid and another appears to

be part of Hexactinellid mesh. They are all rather obscure.
The shell-fragments are small, and appear to be pieces of thin
shell ; only very few suggest derivation from Inoceramus. Here
and there a small fragment of Echinoid test occm-s. The amount
of shell-fragments, foraminiferal cells and Spheres ranges from 15
to 20 per cent.

An example of this zone from the highest chalk in Yorkshire,
near Bridlington, presents a very similar aspect, though there
are fewer shell-fragments. Cells and Spheres are numerous
and there are two or three trifid spicules. The amount of the
coarse particles is estimated about 15 per cent.

The Examination of Washings.

Specimens of the zone from localities above noted near Salisbury
and that from the Isle of Wight were washed with water. That
from Yorkshire is hard and semi-crystalline and washing it was
not attempted.

Shell-fragm&nts.—The observation made with regard to the
shell-fragments in the examination of the sections was verified

in the washings. They proved to be for the most part thin, irregu-

larly shatped pieces, the origin of which is doubtful. Inoceramus
prisms were not numerous. Crinoid ossicles, Echinoid spines in

short lengths, and here and there a single fragment of Bryozoon
was noted.

No sponge-spicules were recognised in the washings.

Foraminifera.—These organisms appear to be less abundant in

this zone than in any other, so far as our examination has gone.

* Specimens of the upper and lower part of the zone were kindly sent
by Dr. Blackmore at the request of Dr. Rowe.
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Those obtained from our washings were named by Mr. F. Chap-
man and number only thirty, species and varieties, three of which,
a Tritaxia, a Bulimina and a Bolivina, are new to science.

Families.
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Ostracoda.—Bui few valves occurred in tlie washings of this

zone. The following were named by Mr. Chapman:—

Bairdia subdeltoidea, Miinst.

Cythereis lonsdaleana, Jones

Cytherella ovata, Boemer

Examination of the Residues.

Little can be said in regard to the residues. The Salisbury-

specimens are amongst the purest chalks examined. The speci-

men from Culver Cliff was remarkable from the number of are-

naceous Foraminifera it contained. The increase in the amount
of clayey matter in the north continues through this zone, the

analysis showing a slightly larger percentage of insoluble residue.

As before, the coarser part of this residue consists chiefly of are-

naceous Foraminifera, Rhizammina and Ammodiscus being the

prominent forms.

The only mineral grains recognised were of" quartz. These

occurred in all residues, but were nowhere nimierous. Some
of the grains observed were larger than any seen in the zone

of Marsujyites, but the average size is nearly the same, viz.,

•08 mm. Glauconite is entirely absent. The coarse residue, as

usual, consists chiefly of small fragments of iron oxide.
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Zone of Belemnitklla muckonata.

Microscopic Aspect.

The chalk of this zone, like that underlying it, consists chiefly

of amorphous calcareous material. Seven slides were prepared.

Specimens from Dorset contain only a few small shell-fragments'

but FOraminifera, cells, and " spheres " are fairly numerous,

minute Textularians being especially abundant. One or two
nautiloid forms can be made out, the remainder have a vague
outline, and give no clue to family or species. The area occupied

by these forms, together with the shell-fragments, may be

estimated from 10 to 20 per cent., but it must be remembered that

the tests are themselves full of fine amorphous material.

Two specimens from Salisbury, kindly sent by Dr. Blackmore,
are also chiefly amorphous matter, and contain a very small pro-

portion of fine shelly fragments. Minute Textularians and globular

forms which may be minute Globigerinw, with here and there a
larger test are scattered thinly through the chalk. Neither cells

nor "spheres" are common, the total amount of recognisable

particles and Foraminifera cannot exceed 10 to 12 per cent. In
a third specimen, however, both cells and " spheres " are rather

numerous.

Three specimens from the Isle of Wight, i.e. from Ashey Down,
Culver Cliff, and Newport, aU contain a larger percentage
of shell-fragments, and recognisable organic fragments are more
numerous in the deposit. The shell-fragments are rather small
and thin, and though particles evidently derived from the shells

of Inoceramus are present they are not numerous. Fragments of

Echinoderms are present in all specimens, and in two out of three
portions of Bryozoa have been sliced through. Cells, " spheres,"

and Foraminifera are thinly scattered throughout the rock ; these,

with shell-fragments, may be estimated to form 20 to 30 per cent,

of it.

The specimen from Norwich is remarkable for the number of

Foraminifera it contains. These are chiefly small Textularia,

probably T. globulosa, but Gldbigerino} also occur. They are

somewhat unevenly distributed, and occur in veins or patches;

in some parts of the specimen examined they form from 20 to

30 per cent, of the chalk, while in others they are far less

numerous.

No sponge-spiculea were observed in any of the sections of chalk

from this ?one,
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Results of the Examination of Washings.

The four specimens of chalk of this zone broken up and washed
with water were from Sahsbury, Dorchester, the Isle of Wight
and Norwich ;* the results were not of great interest, but serve

to confirm opinions formed in the examination of thin sections.

Shell-fragments.—These are chiefly thin flattish pieces, occa-

sionally ribbed, suggesting derivation from Pecten, and irregular

and more or less angular particles of the thicker parts of shells.

Inoceramus-Tprisms are present, though not very numerous.

The Norwich specimen contained many fragments derived appa-

rently from a small Terebratula. Stout short lengths of echinoid

spines and fragments of the test, ossicles of Starfish or of Crinoids

were all not uncommon. Small spines of an Echinoderm were

exceptionally numerous in the specimen from Norwich. Fragments
of Bryozoa were frequent in the Isle of Wight specimen, and a few

occurred in those from Salisbury and Norwich.

A few fragments of fish teeth, and here and there a coprolite,

were noted in the Isle of Wight chalk, and one or two were seen

in that from Salisbury.

Sponge-Spicules.— It is a curious fact that while sponge-spicules

are abundant in the meal of flints in all the zones of the Upper
Ohalk none occur among the coarser particles when a sample of

the chalk itself is washed. It is true that a few trifid spicules,

and some that are apparently monactinellid forms, can now and

then be recognised in thin sections, but above the zone of M.
cortestudinarium they are never abundant, and the siliceous wall

of the spicule is either entirely dissolved or replaced by calcite.

M. Oayeuxf remarks that judging by the evidence of thin

sections one would conclude spicules were nearly absent in the zone

of T. groAnlis, but by acting on the ohalk with weak acid a residue

is obtained which is rich in spicules. We have experimented in

the case of one specimen of the Actinocamax quadratus zone with

a weak solution of acetic acid, but without result, although a thin

section showed small spicules were present. In the meal found

in the centre of a single Paramoudra flint from the zone of Bel.

mucronata, near Norwich, Dr. Hinde obtained no less than 160

different forms belonging to 32 genera and 38 species, the four

chief families being represented. Dr. HindeJ remarks, " So far as

these comparisons extend the sponges of this Chalk flint may
have inhabited a depth of 1,700 fathoms."

* Kindly sent by Mr. Sothern at the request of Mr. H. B. Woodward.
t Contribution a I'^tude Micrographique des Terrains S^dimentaires,

p. 290.

X Fossil sponge spicules froiri the Upper Chalk, Dr. G. J, Hinde, p, 75,

Munich (1880).
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^orammi/'era.—Foraminifera are fairly abundant in this

zone, and from the washings 53 species were isolated and named
by Mr. F. Chapman. They include a new species of Reophax, and
another of Haplophragmium.

Families.
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Examination of the Residues.

The results of six analyses of the Chalk of this zone are shown
on the annexed table, three of which are taken from Dr. Hume's
" Chemical and Micro-Mineralogical Researches."

WhUe the Dorchester specimen will compare in the amount
of insoluble material with the zone below, those from Salisbury

and the Isle of Wight show an increase of fine clay.

The comparatively large percentage of coarse residue in the

Salisbury specimen is largely accounted for by the amount of iron

oxide, but there is also a marked increase in the number of arena-

ceous Foraminifera. These, as in the Yorkshire specimen of the

lower zone, were chiefly Amtriodiscus and Rhizammina, the former
also occurring in Dr. Hume's specimen from the Isle of Wight.

Detrital Minerals.—The only detrital minerals which occurred

in this zone were quartz and felspar in small sub-angular and
angular grains. They seem to vary in quantity, being

most numerous in the specimens from Dorchester and Norwich.

In the first mentioned sample a single large grain was cemented

to a grain of glauconite of similar size ; the remainder were small

particles measuring from .1 mm. to "03 mm. The Norwich
specimen also contained one grain of considerable size. Dr. Hume
records the complete absence of detrital minerals in his Isle of

Wight specimen

Secondary Minerals.— Wi\h. the exception of the one grain

noted above, only a few minute spherules of glauconite occurred.

Cylindrical lengths of iron oxide—red brown exteriorly, darker

inside, were found in the residue of the Salisbury specimen, while

more than half the coarse residue in the specimen from Norwich

consisted of small masses of porous iron oxide. With the exception

of one small piece this material was absent in the specimen from

Dorchester. Dr. Hume notes Limonite in the chalk of this zone

from the Isle of Wight.
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I

TniMiNGHAM Chalk. Zone op Osteea lunata.

Microscopic Aspects.

This chalk, a firm earthy limestone, white in colour, but
streaked in some places with grey veins, is rather mealy to the
touch, its texture recalling to the mind that of the zones of

Holaster planus and the base of Micraster cortestudinarium.
Thin sections show that calcareous particles, which appear to

be chiefly derived from shells, are extremely abundant in it, and
these, with Foraminifera, cells, and " spheres," form at least 50 per
cent, of the rock. Viewed in the sections these shell-fragments are
mostly small, but amongst them are to be seen long thin fibroun

pieces, probably derived from Ostrea lunata and few, if any, suggest
derivation from Inoceramus. Fragments of the plates, spines,

and ossicles of various Echinoderms can be detected, and smallish

pieces of Bryozoa are sometimes cut through. The Foraminifera
are chiefly minute Textularians and isolated cells with a
few GlobigerincB, larger indefinite forms, and here, and there

a large Globigerina ; Spheres also are present. The even texture

of the rock is, however, frequently broken by veins in which coarse

organic particles, such as fragments of Ostrea Imvata, plates, spines,

or ossicles of Echinoderms, and the larger Foraminifera are

gathered together. Minute green grains are scattered thinly

through the rock, and under crossed NicoUs minute mineral
grains can here and there be discerned.

Examination of Washings.

This chalk is easily broken up and the coarser particles are

readily separated by levigation. Examination of the coarser part

of the material shows that many of the shell-fragments are thin

wafery pieces obviously derived from Ostrea Iwruita,,, others less

numerous, flat or ribbed, are probably derived from Pecten, small

fragments of Terebratula and also of Bhynchonella were also

observed, /uoceramus-prisms are present, but are not numerous.

Echinoid Spines and plates were also noted, but ossicles of

Asieroidlea. are Jiot. common. Fragments of Bryozoa are.Jairly

numerous. No sponge-spioules were seen. Foraminifera are

abundantj and among those isolated from the washings the follow-

ing species were named by Mr. Chapman :

—

Lagena globosa, Montf.
Nodosaria consobrina, d'Orb.

„ raphanistnim, L.

„ Zippei, Reuss
„ obliqua, L.

„ pauperata, d'Orh<-

„ _
farcimen, Reuss

P'labellina cordata, Reuss

Lituola ovata, Marsson
Textularia sagittula, Defrance
Bulimina elegans, Brady

„ ,, var. exilis, Brady
„ rimosa, Marsson
„ P-resli, Reuss -

,
pupoides, d'Orh.

Bolivina sp. (near punctata, d'Orb.)
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Marginulina glabra, d'Orb.

Vagiaulina legumen, L.

Cristellaria rotulata, Lam.
„ gatiltina, Berth.

„ planiuscula, Reuss

„ gibba, d'Orb.

Polymorphina gibba, d'Orb.

„ cominunis, d'Orb.

Bamtdina aculeata, Wright
Globigerina buUoides, d'Orb.

Pvillenia sphseroides, d'Orb.

PuUenia quinqueloba, Heuss
Discorbina globularis, d'Orb.

Truncatulina ungeriana, d'Orb.

„ lobatula, W. & J.

„ (Marsson's figure),

sp.

Anomalina ammonoides, Reuss
sp.

Pulvinuliaa elegans, d'Orb.

Ilotalia Soldani, d'Orb.

„ sp. (not typical Soldani).

„ exsculpta, Reuss

In the two washings made from this chalk the most abundant
forma were Bulimina jmpoides, a Bolivina near punctata (d'Orb),

Truncatulina lobatula and Rotalia Soldani. Pulvinulina micheli-

niana and Rotalia exsculpta are comparatively rare. It is remark-

able that a deposit containing so much sand should be absolutely

free from arenaceous Foraminifera. The only form observed in the

acid residue was a minute silicified Textularian.

Examination of the Residue.

The percentage of insoluble material in the specimen from

Trimingham, though considerable, is not larger than that of

some other specimens of the Upper Chalk, and though it is exceeded

by two examples from the zone M. cortestudinarium, and by the

highest Yorkshire chalks, nevertheless it is among the highest

of this division. It differs from all others most markedly in the

character of the coarser residue. This nearly equals in amount

the coarse residues obtained from the Chalk Eock of Medmenham,
but instead of glauconite more than one half of it is fine sand, in

even sized particles ; one-fourth consists of porous iron oxide in

rather large, irregular fragments, and a fifth was glauconite and

green-grey mud. Amongst the mineral grains Mr. Teall recognises

quartz, mica, an alkali felspar, microcline, rutile, tourmahne; and

zircon. None of the grains exceed 10 mm., the average being

•05 mm. The grains of glauconite are all small and match

the grains of quartz in size.

The sample from Mundesley was sent me by Mi-. C. lieid and

was obtained from the well mentioned on p. 263. It proved

to be a shghtly purer chalk than that obtained from Trim-

ingham, The amount of the coarse residue was a little

larger. The quantity of fine sand was nearly the same, but the

iron-oxide was abnost entirely replaced by minute bright spherules

of Marcasite. No arenaceous Foraminifera were found. i
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THE FINEST MATERIAL OF THE UPPER CHALK.

As a whole the amorphous material of the Upper Chalk appears
to be made up almost entirely of the debris of calcareous organisms,

and if we except the zones of Holaster planus and Micraster cor-

testudinarium there is a general absence of the larger definite calcite

crystals which appear to be due to secondary crystallization, and
to which attention has been drawn in the description of the Lower
and Middle Chalk. The material which remains suspended in

water after 20 seconds has elapsed, in washing almost any
specimen of the Upper Chalk, if mounted in balsam or in

glycerine and examined with an objective of one-eighth or one-

tenth of an inch in focus, will be seen to consist of :—(1) Minute,

irregularly-shaped crystals ; (2) flat particles, evidently organic ;

(3) minute Foramiiiifera
; (4) crystalloids, etc. ; and (5) ex-

tremely minute particles.

The greater part of the first generally show a fibrous structure,

and are presumably derived from shells; such particles are

especially numerous in the mealy chalk of the zones of H. planus

and M. cortestudinarium, but they may be accompanied and mixed

with crystals, due to secondary crystallization, from which they can
hardly be distinguished. Such particles also occur in higher zones,

and seem to be proportionally abundant to the recognisable shell-

fragments which can be seen in the rock. Many of the second

are probably derived from Foraminifera, but it is not possible to

speak with certainty in the case of a large number of particles.

Though the secondary formation of calcite crystals is not so evident

in the Upper Chalk as in the Lower and Middle, a redeposition of

calcite has taken place on small particles as well as large, frequently

masking their structure.

In the zone of Micraster cortestudinarium, where fragments of

Bryozoa were conamon, an attempt was made to trace particles to

this source ; many also of the commoner Foraminifera were lightly

crushed, and the particles compared with those in the Chalk, but

in the majority of cases no definite conclusion could be arrived at.

With the Foraminifera especially this is a different result to a similar

experiment in the Lower Chalk. It may be noted, however, that

there were several kinds of particles having a general resemblance

to each other which frequently recurred, and it is possible that with

a little more time for investigation their derivation may eventually

be determined.

Crystalloids are extremely numerous, especially in all parts of

the Chalk above the zone of M. cortestudinarium, and a large

number of the minutest particles are clearly fragments of these

bodies. No true coccoliths were observed, all the forms being

merely thin concave discs. Rhabdoliths are rarer than in the

lower beds of the Chalk. A few stellate forms of crystalloids were

observed, but nearly all were masked by the accretion of
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caloite, Gully,* and their condition is almost identical with the
stellate forms found in a sample of Barbados earth from
Plumtree.

Though we have dealt in detail with the larger particles of the
amorphous matrix, probably half of it consists of ininute atoms
far too small for their derivation to be determined.

General Summary.

From the tables of analyses it will be seen that the chalk of

the zone of Holaster planus contains the largest amount of

insoluble matter where it has the aspect of Chalk Eock, and less

where it is merely a nodular chalk ; thus the pxu-est example
coming from Pinhay, near Lyme Eegis, with a residue of

only -686 per cent, of insoluble material, while those

from Blandford, and Dover contain but little more insoluble

matter. There is, however, a larger amount in a specimen from
the Isle of Wight viz., 1 • 209 per cent. '.

But along the northern escarpment of the Chalk, with the
advent of the Chalk Eock, the total amount of the insoluble

residue is much greater ; and though this amount decreases

again northwards, yet in reality the decrease is in the amount
of clay and not in that of the quartz or glauconite. Thus
the highest percentage of insoluble material is found in the

sample of Chalk Eock from Great Barford in Wiltshire,

2 "90 per cent., decreasing to 1"75 per cent, at Medmenham in

Bucks, to 1 • 52 per cent, at Luton, and to '881 per cent, at

Hitchin. But if we consider the relative quantities of the

chief ingredients they can be tabulated as follows :

—

Localities.



MICROSCOPIC STRUCTURE. 345

the condition of finely granular calcite, and it would seem there

was at this horizon a floor or series of floors at the bottom of the

Ci'etaoeous sea teeming with a life which indicates shallower water.

The increase in the amount of fine clay with a little sand, together

with the sharply-marked summit of these floors, suggests current

action, which, in conjunction with decaying animal matter, has

its sequel in the formation of glauconite and of nodules of slightly

phosphatic chalk.

In the zone of Micraster cortestvdinarium, the analyses are

somewhat irregular, and for the first time one fails to see any
definite sequence in the results. In two cases (Swanage and
Medmenham) the percentage of the insoluble ingredients exceeds

that of the zone below, and another from Blandford nearly equals

in the aniount of insoluble matter a specimen of the Chalk Rock
from Barford, in Wiltshire. The smallest percentages come from

examples from the southern and south-eastern counties, while

that from Yorkshire, though not high in the amount of insoluble

matter, is not lowest in the series.

The amount of coarse particles separated from the clay of the

residues in specimens from this zone is extremely small. Mineral

grains are most in evidence at the two extremes—Blandford
(Dorset) and Enthorpe (Yorkshire). In the residue of the example

from the latter locahty were many arenaceous foraminifera. Layers

of hard chalk, very similar in external appearance to the Chalk

Rock, occur in the zone.. But these beds do not exhibit the striking

featiu-eg. of Chalk Rock when seen in thin sections, and they do

not appear, to have, been laid down under similar cohdir

tions. A feature in many of them is the abundance of sponge

spicules, the siMceous walls of which hav« in all cases <iisappeared

and are replaced by calcite. It seems possible that the hardening

of the chalk of these beds may be due to the dissolving of the silica

of the spicules, giving room and opportunity for the subsequent

re-crystallisaton of the calcite. _

.

Compared with the zones below, the results of the analysis of

samples taken from the zone of Micraster corangui/nwrn are more

even, and a first glance suggests a generally higher percentage of

insoluble matter; but this is not so, the average of all the

analyses of the zone of M. cortestvdmarwm giving 1"81 per cent.,

wrhile that of the zone of M. coranguvruum is 1"49 per cent. No
sequence is observable in the results, and there is no special

feature which attracts attention. The average of the analyses of

all examples of the chalk of the zone of Marsup'ites from the

southern and south-eastern counties shows a continued decrease

in the insoluble residue, which is now only 104 per cent. A
remarkake feature is, however, the sudden rise in the chalk of

Yorkshire. to 3-12 per .cent. As might be expected, this, is

accompanied by a lairger percentage of coarse residue, and by the
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occurrence of arenaceous Poraminifera, the tests of which form a
considerable part of it.

In the succeeding zone of Actinocamax quadratus this feature
is still more marked, Yorkshire examples from near Bridlington
giving a residue of 3-281 per cent., though the average result

from southern examples of the zone amounts to only -682 per.

cent, of insoluble matter. Continuing the examination with
the zone of Belemnitella mucronata, we find the average results

of the analyses give a slight increase in the insoluble material,

from -682 per cent, to -975 per cent. Finally, in the zone of

Ostrea lunata it increases to 2'48 per cent.

The question arises, does this slight general increase above the

zone of M. coranguinum indicate a general movement of

re-elevation and a gradual return to shallower water ? This

certainly seems suggested by the final analysis of Trimingham
and Mundesley Chalk, the residue of which reaches 2'48 per

cent., and the coarse residue of which contains a quantity of fine

sand containing many mica flakes.

In all the zones above the Chalk-Eock up to and including

that of Bel. mucronata, the amount of coarse residue separated

from the clay is exceedingly small, and though mineral grains

occur in every sample, they are so few in number that they may
be frequently counted. The greater part almost always consiste

of iron oxide ; sometimes this may be oxidised marcasite, but

it is frequently a porous material, very easily crushed.

The detrital minerals recognised in the Upper Chalk are very

similar in character to those of the lower divisions. Mr. Teall

is of opinion that if a sufficient quantity of material was examined

the whole of the minerals found in the Lower Chalk would occvu-

in the Upper.

From the foregoing summary of the analyses it will be seen

that inorganic matter forms a very small part of the Upper Chalk,

and the rock as a whole consists largely of calcareous materials.

In the two lowest zones, those of H. plarms and M. cortestudi-

narmm, the rock contains a larger proportion of coarse particles

than those which succeed them, and we may infer that much of

the calcareous mud was derived from the disintegration of the

forms whose traces still remain.

Besides the fragments of organisms still visibly present there

were probably many others whose calcareous envelope was built

up of the less stable form of calcium carbonate, viz., arragonite,

and the decay of such must have added to the proportion of fine

mud. Thus the zone of M. cortestvdinariv/m is specially marked in
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the southern counties by the presence of numerous fragments of

Bryozoa, yet we have been unable to recognise in the amorphous
matrix any particles which could be definitely traced as originating
from their decay. M. Cayeux* remarks on the part played by
Bryozoa in the formation of the .Chalk. He considers the
arragonite, which enters largely into their composition, probably
accounts for the breaking up of these organisms into unrecognis-
able atoms.

In the Chalk Rock also there were many Gasteropods, the
shell of which has entirely disappeared, leaving only an internal

cast, but in higher zones we do not find even casts (except of

Pleurotomaria) till we reach the zone of Ostrea lunata.

The variety in the fragments of calcareous organisms in the
Chalk Rock has already been alluded to ; the chalk of the zone
of M. cortest'udinarimn also contains a large proportion of particles

of sufficient size to be recognised in thin sections as prisms of

Inoceramus, fragments of Echinoderms, and pieces of Bryozoa.
In the three succeeding zones recognisable calcareous particles

are less numerous, and at least two-thirds of the chalk consists

of the amorphous matter, which has been more particularly

described in Volume II. p. 290.

Prisms of Inoceramus which, as far as the summit of the zone
of M. cortestudinarium, were common amongst the coarse par-
ticles, become less numerous, and the shell-fragments which occur
in the higher zones are chiefly thin flat pieces (sometimes
with a slight concavity) ; most of these are plain, and may be
derived from Ostrea or Plicatula, which are not uncommon
fossils. Others which are often ribbed are probably derived
from Pecten, and occasionally fragments of Rhynchonella or
Terebratvla can be recognised. Plates and ossicles of Echinoderms
occur sparingly.

The chalk of the zone of Bel. mvcroTuita contains, on the whole,
a rather larger percentage of shelly fragments ; they are practi-

cally the same as those in the zones below. This increase of

shell-fragments is still more marked in the zone of 0. lunata.

Although it is easy to separate a number of Foraminifera from
any specimen of fairly soft chalk, thin sections show that fully

grown tests, sufficiently perfect for recognition, form a com-
paratively small part of the deposit, and no chalk which we have
seen will compare in the mere number of its Foraminifera with the

specimens of true Globigerma ooze. Judging from thin sections

of the Upper Chalk, minute Textularian and nautiloid forms are

the most prominent, but by far the larger number, which in a

thin section one refers to Foraminifera, are simple cells or spheres,

* Coatribution a I'Etude Micrographique des Terrains Sedimejitaires,

p. 445.
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and it is only in the two lowest zones of the Upper Chalk that
these, with the fully-grown and more, perfect forms, are an im-
portant ingredient of the chalk. In one specimen only are
Foraminifera, other .than cells or spheres, sufficiently abundant
to merit special notice; this is the chalk of Norwich, of which
they may be estimated to form about 35 per cent, of the rock.

The general facies of the foraminiferal fauna exhibits a certain
amount of change even in the zone of H. planus. Forms which-
persistently occur in the Lower and Middle Chalk become rare,
and some of them either do not occur at all or are only met with
occasionally in the lower zones ; while in the higher zones the
change is still more marked.

Thus the Globigerince, though fairly numerous in the zone of

H. planus, are scarce in all the higher zones, and it is only with
difficulty that any specimen of this genus is found in washings,
while such as come to hand are as a rule puny examples. M.
Cayeux* remarks that Globigerince are quite a secondaryand some-
times an almost negligable quantity in the formation of the Chalk.

The species peculiarly characteristic of the Upper Chalk is Pulvi-

nuliTia micheliniana, and as far as our researches go, it is confined

to the Upper Chalk, where it is one of the commonest species.

Another abundant form is Truncatulina ungeriaTW, ; this species

is recorded from several zones in the Lower and Middle Chalk, but
is comparatively rare. A third form equally conspicuous is Rotalia

exsculpta ; it comes in at the upper part of the zone of Micr.

coranguinum, and thenceforward is abundant. The ubiquitous

Anomalina ammonoides is also an extreimely common form
through the whole of the Upper Chalk ; Rotalia Soldani or

its variety nitida occurs persistently in every specimen.

The individual specimens are frequently very fine and robust,

though whenever one is seen in thin sections the shell seems weak
and thin. Those which are so well preserved exteriorly are usually

filled with the amorphous material of the Chalk in a semi-crystaUine

and hard condition, or with calcitio crystals, or the cell walls are

strengthened by the deposition of caloite.

" Spheres " are most abundant in the zone of Holaster pla/nus,

and form at this horizon an important constituent of the Chalk

;

above this zone the number present in different samples varies,

especially in the zone of M.cortestudinarium ; still higher up, they

decrease, and though present in most examples of the Upper Chalk

are never a conspicuous feature in thin sections.

The following list of Foraminifera has been compiled from

those with which Mr. Chapman has supplied us, and from the

lists in his published papers.

•Contribution k I'Etude Micrographiriue des Terrains Sfedimentaires,

p. 455,
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FOEAMINIFERA FROM THE UpPER ChALK.

Nubecularia jonesiana, Ckapm.

„ novorossica, Karrer and
Sinzow

„ tibia, Parker & Jones -

Spiroloculina limteta, d'Orb.

Miliolina agglutinans, d'Orb. -

„ oUonga, Montf. -

„ seminulum, L. - -

,, trigonula, Lam. -

„ venusta, Karrer -

Rhizammiaa indivisa, Brady

„ algseformis, Brady
sp. -

Reophax sp. nov. (1) -

„ sp. nov. (2) ? -

Haplophragmium agglutinans, d'Orb.

„ glomeratum, Brady

„ irregulare, Eoemer-

„ ovatum. Hag.

„ sp. nov. (1)- -

„ sp. nov. (2) 1 minuta
Lituola ovata, Marsson - - -

Ammodiscus charoides, P. and J.

„ centrifuga, Brady

,i
incertus, Brady -

Textularia anceps, Retiss. -

„ agglutinans, d'Orb -

„ conica, d'Orb.

„ concava, Karrer

„ decurrens, Chapm. -

„ globulosa, Ehr. -

,. „ var. striata, Ehr. -

„ preelonga, Eeuss

„ quadrilatera, Schw. -

„ sagittula, Defr.

, „ serrata, Chapm.

„ turris, d'Orb. -

„ trochus, d'Orh. -

Vernueuilina pygmea, Egger. -

„ spinulosa, Beuss -

„ triquetra, Muenst.

Tritaxia foveolata, Marsson

„ minuta, Marsson

„ pyramidata, Reass

„ tricarinata, JReuss

,, sp. nov.

o c

.2 5

§5 Nig

CM

7
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FoEAMiNiFEEA OP THE UppEE Chalk—contirvued.
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FoRAMiNiFERA OF THE IJpPER CsAT^K— Continued.
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FOEAMINIFEEA OF THE UPPEE ChALK—COW<l«Merf.
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FoEiMiNiFERA OP THE UppEE CuAUK—continued.
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CHAPTER XXIII.

CHEMICAL COMPOSITION OF THE UPPER CHALK.

A. The Chalk-Rock.

A sample of Chalk-Rock from near Aston Rowant in Oxfordshire
was sent to Professor J. B. Harrison, the Government Chemist
of British Guiana, who had kindly consented to make complete
analyses of this and other samples of Chalk (see Vol. II. pp. 333
and 527). The result communicated by Professor Harrison was
as follows :

—

5° g

Organic matter, etc. -

Quartz
Colloid silica ...

Combined silica

Iron peroxide -

Alumina
Manganese oxide -

Magnesia
Potash

Calcium sulphate
Calcium carbonate -

Magnesium carbonate t

•40
•10
•48

1-54
40
•89
•27
•52
•23
•31

94^94
•25

100 • 33

Traces of phosphoric acid and of soda were found.

Summarising the above results, they may be re-stated as

follows in the column (A), a second analysis of a Chalk Rock
without glauconite (B) from Eedbourn HiU. near Urchfont
(Wilts) being added for comparison. This was analysed at the
same time but less completely.
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An analysis of Chalk-Eook from Boxmoor, Hertfordsliire, was
made by Mr. P. G. Sanford, F.C.S., and published in the London
Geological Field Class Eeport of Excursions during 1888 (1889,
page 19). The specimen was dried at 100 deg. C, and gave :

—

Insoluble residue, sand, silica, etc. - - - 1 • 003
Soluble silica - - - - '128
Lime - - 54^900
Magnesia - - - - - . - -374
Iron and Alumina (Fe203+Al203) - - - - -347
Sulphuric acid - - - "465
PhcMphoric acid - - - - "713
Carbonic acid - - - - - - 42^101

100-031

This analysis appears to have been carefully made, but Mr.
Sanford gives the total amount of calcium carbonate as 97-001,

with • 785 of magnesium carbonate ; this, however, must be on
the assumption that the phosphoric and sulphuric acids are not
combined with lime. On the much more probable assumption
that they are so combined, the following composition of the sample

has been calculated by my friend Professor J. B. Harrison, F.G.S.,

F.C.S. :—
Insoluble residue - - - ...
Soluble silica --
Calcium carbonate .....
Calcium sulphate - - ....
Calcium phosphate - - - -

Calcium oxide - ...
Magnesium carbonate
Peroxides of iron and alumina

100-031

Two analyses of the Chalk Rock of Cambridgeshire were made
for the Geological Survey in 1880 by Dr. Frankland, F.R.S., and
were published in the Memoir on tbe Geology of the Neighbour-

hood of Cambridge (1881). The samples were obtained from near

Newmarket, the precise localities not being recorded in that

memoir, but, if my recollection is correct, one of them came from
Westley Waterless, and the other from the pit at Stetchworth.

The analyses are as follow :--

1
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How the amount of calcium carbonate in these analyses was
calculated we do not know, but there can be little doubt that a

small quantity of the lime was combined with the phosphoric

anhydride in the form of phosphate of lime.

B. The White Chalks.

Many analyses have been made of the Upper Chalk, including

samples from many different horizons and localities ; they show
it to be a remarkably pure calcareous deposit varying very little

in composition, and almost always containing from 97^ to 99 per

cent, of calcium carbonate. The amount of insoluble siliceous

matter is seldom over 1 per cent., and the amount of soluble silica

is always very small, both in the zones which contain many flints

and in those which contain but few flints. There is, in fact, no
inverse relation between the abundance of flints and the quantity

of silica disseminated through the chalk.* This point is well

brought out by two analyses which Professor J. B. Harrison was
good enough to have made for me in the laboratory at Georgetown,

British Guiana, by the method he has devised for separating the

different siUceous ingredients of such rocks.f The results were as

below. No. 1 being a sample of chalk with many flints from Great

Durnford, north of Salisbury, and No. 2 being from the chalk

of Bishops Down, Salisbury (Marsupites zone with "few flints) :

—

Moisture
Quartz
Clay -

Colloid silica ...
Carbonates of Hme and magnesia

So far as these two analyses go, it would appear that the chalk

which has most flints has also most disseminated silica, both

soluble and insoluble.

Prof. Ch. Barrois has published three analyses of chalk samples

from the zones of Act. quadratus and of Bel. mucronata in the

south of England.! The analyses were made by M. Duvillier in

* See Geo!. Mag., Dec. III., Vol. x. p. 541 (1893).
+ See Quart. Journ Geol. Soc, Vol. xlviii. p. 182 (1982).
X Recerches sur le Terr. Crit. Sup., 1876, pp. 42 and 100,
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the laboratory of the Faoulte des Sciences at Lille, and are as

follows :

—
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Water - - i - '.

Sand and silicequa matter, insoluble in acids

Carbonic acid - - - -

Sulphuric acid -

Phosphoric acid

Lime
Magnesia
Potash - _ . . . .

Soda -

Oxide of iron and Alumina -

1-46
42-48
none
•04

55^72
•06
•17
•02

1^05

100^00

•87

42^57
•09
•08

55^18
•30
•22
•21

•40

99^92

' -75

1^37
42^35

•05

53-91
•18

•43

99^04

If the amount of carbonate of lime in these chalks is calculated

from the ascertained amounts of carbonic acid in each they have

only between 96 and 97 per cent., and the first one seems to have

a slight excess of lime, possibly present as a silicate.

The following are analyses of thi-ee pure white chalks :
—

No. 1. Being a sample from Shoreham, Sussex ; probably zone

of ActinocaTnax quadratus, analysed by Professor D. Forbes (see

Quart. Journ. Geol. Soc, Vol. xxvii. p. 49).

No. 2. A sample from Driffield, Yorkshire (Marsupites zone),

analysed by Mr. Th. Hodgson, of Bradford (see Quart. Journ.

Geol. Soc, Vol. xxxi. p. 112j. I have recalculated this, as the

original analysis shows 5-20 per cent, of moisture.

No. 3. A sample from the large quarry at Cliffe, in Kent (pos-

sibly in the zone of Act. quadratus). This analysis was published

by Mr. Whitaker in Vol. iv. of the Geological Survey Memoirs, p. 15.
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sample before analysis, I have recalculated the composition which
the material would have if the moisture had been driven off

;

this is given in the second column.

Moisture . - . .

Organic matter and combined water -

Carbonate of lime - - - .

Carbonate of magnesia - - -

Oxide of iron .....
Alumina ...
Alkaline salts ....
Silica - - - .

12' 15

67
33-40

•50
7-05
10-23

-20

34-80

100-00

1-90
38-02

•56

8-02
11-63

•22

39-60

99-95

An analysis of the sandy bed in the chalk bluff at Trimingham,
N^orfolk (see p. 262), was made for me by my colleague, Mr. Grant-
Wilson, in 1885, with the following result :—

Carbonic acid -

Sulphuric acid ...
Lime - . -

Magnesia -

Alumina - -

Protoxide of iron

Residue insoluble in HCl.

- 42-04
-36

- 51-99
-61

-39
•77

- 2-86

99-02

In this analysis the amount of lime and magnesia found is

not quite sufficient to combine with the whole of the carbonic
acid. The iron may be in the state of a sulphide.

Partial analyses of many samples of Upper Chalk have been
made by Mr. W. Hill, and have been given in tabular form in

Chap. XXII.

C. Flints.

A flint is not generally a concretion of similar aspect and com-

position throughout its mass. It is true that in some parts of the

Chalk there are flints which consist of soHd, translucent chalce-

donic silica from the centre to the circumference, but as a rule

there is an outer crust or rind of varying thickness, which is gen-

erally white and opaque, but is sometimes stained yellow or pink

on the outside.

This white crust varies much in its degree of hardness ; some-

times it is as dense and hard as the interior of the flint ; sometimes

it is comparatively soft and gramflar or loosely coherent, so that

much of it can be broken away from, the outside of the nodule

;

in other cases it is composed of two or three layers, one of which

is often more chalcedonic than the others.
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The white crust alao varies much in thickness, from a mere thin

rind or cortex about an eighth of an inch thick to a thick encrust-

ing envelope from half to three-quarters of an inch thick, according
to the size of the flinty nodule. Occasionally, moreover, nodules

are found which consist almost entirely of such white material,

with only a small nucleus of translucent flint in the centre.

The varying density of this white portion of a flint nodule

appears to depend on the amount of silicification which it has under-

gone. In some of them there is a good deal of chalk, and I think

this is generally the case with the softer varieties, but more
experiments are needed to confirm this supposition. So far as I

know, only one complete analysis of the outer crust of a flint has

yet been made, and this was the crust of a flint from the Chalk
of Lincolnshire, taken from a pit near Cadeby House, north of

Louth. The analysis was made by Mr. M. Stardland,* and is as

follows :—

Analysis of the Cfntst ofa flintfrom Cadeby, Lines.

Insoluble portion

:

Silica 45-12

Alumina (by difference) • - • - '76

Peroxide of iron "67

Lime .... trace 46'55

Soluble portion

:

Moisture . - - . . - i-06

Carbonic acid ... . . 22'65

Lime ... .... 27-88

Peroxide of iron - .... 1-73

Alumina and Magnesia ... traces 53-32

99-87

It should be mentioned, however, that Mr. Staniland, finding

there were visible pieces of chalcedonic silica scattered through the

material, sifted these out after gently crushing the whole, and his

analysis is that of the residue after the separation of the greater part

of the pure silica. Consequently, the real proportion of the silica

to lime in the sample was not ascertained, but must have been
very much greater than is shown by thp analysis of the residue.

In this residue it appears to be about 44 to 50, but in the bulk of

the sample it is more likely to have been as 60 to 30.

All, therefore, that we can infer from this analysis is that there

was a considerable amount of calcium carbonate (chalk) present

in the flint-crust ; but in the case of another flint-crust tested for

me by Professor J . B. Harrison, only -253 of hme was found,

this sample consisting almost entirely of pure silica.

* See Geology of East Lincolnshire, Mem. Qeol. Survey, 1887, p. 40.
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OHAPTEE XXIV.

BATHYMETBIOAL CONDITIONS DUEING THE

FOEMATION OF UPPER CHALK.

In the British Isles there is small evidence on which to base

any conception of the actual geography of the region during the

formation of the Upper Chalk, and we shall not attempt any such
restoration. There are, however, several lines of evidence which
afford concurrent testimony for the conclusion that the period

was ushered in by a movement of elevation, followed by a pro-

longed movement of subsidence ; while in the highest beds there

is some evidence of that final upheaval which brought the

Cretaceous period to a close.

1. Elevation.

The chief facts presented by the Chalk-Rock beds which indicate

a general upheaval of the British area were noticed by me in 1892. *

They are the reappearance of Gasteropoda, the recurrence of

glauconite grains in considerable quantity, and the existence of

phosphatic nodules. Referring to these facts, I remarked, " This

sudden recurrence of pecuUarities which characterise the Chalk
Marl and Totternhoe Stone, associated with a fauna of similar

character, compels us to conclude that the sea had again become
shallower by the rise of a part of its floor." In 1894 Dr. W. F.

Hume reviewed the same facts and came to the same conclusion.f

Since these dates some farther evidence of upheaval and its

results has been obtained, and in marshalling the facts for the

present statement of the case it will be convenient to group them
under three heads— (1) the stratigraphical facts, (2) the litho-

logical evidence, and (3) the zoological evidence.

Stratigraphical EvideTice.—The principal evidence of this nature

is found in Ireland and in France. In Ireland there is nothing

which can properly be regarded as equivalent to the zone of Hdlaster

planus. The base of .the Upper Chalk in Antrim appears to con-

sist of sandy glauconitic limestones, containing EcJiinocorys scu-

tatus, Spondylus spinosus, Terebratula carnea, Rhynchonella

Ivmbata, and some other fossils ; but these do not include Holast6r

plavMS.

* Building of the British Isles, Second Edition, p. 264.

+ Proc. Geol. Assoc, Vol. xiii. p. 234.
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By Professor Barrels these sandy beds were regarded as a con-

densed equivalent of the zones of Terebratulina gracilis and
Holaster planus, but the evidence for this is weak. Dr. Hume is

doubtful whether any part of the Irish series represents the EngHsh
zones of Rhynch. Guvieri and Terebratulina. * He admits a break

and unconformity in some places between the sandy limestones

and the yellow (Cenomanian) sandstone below, but he discovered

casts of aMicraster,which he identified asM.breviporusin theformer,

and he remarks upon the resemblance which some of the Irish

fossils bear to those of the English Chalk Eock. This resemblance,

however, seems to be more general than particular. Micr. brevi-

porus, if correctly identified, is doubtless a low zonal species, but

the other two mentioned (/Sporuii/^iis spinosus and Ostrea semi-

plana) are just as abundant in the higher zones as in the lower.

Professor Barrois recorded Echinocorms svbrotmid/us from these

beds, but Dr. Hume found only Ech. vonicus, which is not common
in England below the M. coranguinum zone. The same may be

said of Rhynchonella limbata.

Having regard to the physical break and to- the small thickness

of the Chloritic Chalk which separates the sandy beds from the

White Chalk of the Marsupites zone, I am inclined to take the view

that not only the zone of Holaster planus, but also the whole or

greater part of the M. cortestudinarium zone, is absent in Ireland.

It seems to me very probable that the Inocerarrms beds, with the

Rhynchonella band at their base, correspond to the lower part of

our M. coranguinum zone, the presence of species of Catopygus

and Psmidodiadema being due to the shallowness of the water and

the neighbourhood of land, f

TurniTig now to France, and glancing first at Touraine (see

p. 299), we find there a complete succession through the

Turonian and Lower Senonian, the component members of which

M. de Grossouvre has recently been able to correlate with the

normtl succession in Normandy. It is evident froi» his des-

cription that the beds which there represent the zones of Tere-

bratulina. Holaster planus, and Micraster cortestudinariwrn

are all of a comparatively shallow water character, while the

overlying zones show a gradual passage through glauconitic marls

and nodular chalk into a sihceous chalk with many flints. Near
Tours the lower beds consist of glauconitic marls and hard sandy

limestones, containing many Bryozoa and Oysters, the highest of

the hard beds exhibiting an irregular eroded surface, often covered

with green matter. On this rests a white chalk, rather hard and

rough, but forming such a contrast to the beds below that the Hne

* Quart. Journ, Geol. Soc. Vol. liii. p. 595 and table opp. p. 568.

t Catopygus elongatus, Desor, occurs not unfrequently with Micraster

turonensis in the middle part of the craie de Villedieu in Tourahie, which
is regarded by M. de Grossouvre as equivalent to the lower part of the

M. coranguinum zone. See Bull. Soc. Geol. France, Serr. 3, Tom. xvii.

p. 506 (1889.)
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of contact can easily be followed in the slopes of the railway
cuttings as the traveller passes by train between Chenonceaux
and Blerela-Croix. This chalk is believed to belong either to

the zone of Marsupites or to that of Act. quadratus.

Again in the Cotentin, (Normandy) there is the remarkable
outher where a limestone containing Belemnitella mucronata
rests upon sands which may be of Cenomanian or Lower
Turonian age, with an entire absence of anything to represent

the Upper Turonian or Lower Senonian.

In the north-east of France there is no such great break, but in

the neighbourhood of Lille, Valenciennes, and Solesmes the zones

of Holaster planus and Micraster cprtestudiTiariuTn are reduced

to a small thickness (see p. 291), the zone oiH. planus near Lille

being only represented by a glauconitic limestone which .varies

in thickness from 6 to 13 feet.

If at this epoch of the zone of Hoi. planus subsidence was arrested

and a reverse movement of elevation took place, some important

physical changes must have been produced,'and the set and strength

of the marine currents must have been affected. It is not sur-

prising, therefore, that the Chalk Eock should frequently exhibit

appearances which seein to indicate the temporary arrestment of

deposition with a certain amount of current action. Through-
out the southern and central parts of England it repeatedly happens

that the harder beds are hardest at the top, terminating in clearly-

marked surfaces, and it is with these surfaces that the layers of

green-coated nodules are generally associated, the nodules being

either embedded in the indurated rook or resting upon its

surface.

I agree with Dr. Hume in regarding these facts as the effects

of a bottom current which was frequently strong enough to

interrupt the deposition of chalky material, and this cm-rent

mvist have carried the products of decomposing animal matter

from some coastal region to the area where the rocky beds.were

being formed. The nodules are, however, only slightly phosphatic,

so that the coast line was probably at a considerable distance.

Lithological Evidence.—This consists partly in the recurrence

of the glauconitic grains, often in fairly large quantity, and partly

in the larger size of the quartz-grains which occur in the chalk

of the Holaster planus zone.

It is also a fact that the total average amount of insoluble residue,

as well as the proportion of coarse residue, is greater in this zone

than in that of Terebratulina, but this may possibly

be explained on the assumption that the rate of accumulation

was less in the one zone than in the other. It is obvious, that if
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deposition of chalky material was slower, while the quantity
of extraneous siliceous matter brought in a given time remained
the same, a given bulk of chalk would contain a larger proportion
of such siliceous matter. We shall not therefore lay stress on the
greater total amounts of insoluble material, but rather on the
larger size of the grains, and on the presence of glauconite.
Mr. Hill finds that the greater part of the insoluble residue

obtained from the samples he examined consisted of glauconite
grains, these sometimes forming 70 per cent, of such residue
(see p. 315). In respect of size they are mostly small, but some
range from '3 to "6 mm. in diameter. The occurrence of glauconite,
often in sufficient quantity to give the rock a finely speckled appear-
ance, is very suggestive of a recurrence to something like the
bathymetrical conditions which prevailed in the time of the Lower
Chalk, and these could hardly have been restored in any other
way than by a general uplift of the region.

Although particles of detrital minerals are not abundant, quartz,

felspar, and tourmaline have been observed, and though the
quartz is usually in the condition of very fine sand, yet large grains
occur in some places. The most notable instance is in the bed
of quartziferous Chalk at Eew Farm, near Dorchester, where
the grains range up to a size of 2 mm.; but in the Isle of Wight
a single grain of ' 72 was found.

It is noticeable that in the Isle of Wight a bed which exhibits

the lithological characters of the Chalk Rock occurs near the top of

the Terebratulina zone, showing that conditions favourable to

the formation of such rock began to make themselves felt at that

time. In a sample from this bed Dr. Hume found a coarse residue

of 048 per cent., " consisting almost entirely of glauconite grains

and small particles of angular and rounded quartz." Augite,

hornblende, and tourmaline were also observed.

Zoological evidence.—Writing in 1892, I remarked "that
the Chalk Rock has every appearance of having been formed in

much shallower water. Fossils are often abundant. Gasteropoda

are not uncommon, and include such genera as Turbo, Gerithvum,

Avellana, Aporrhais, Natica, Crepidula, and Emargimda, the

modern representatives of which do not live in deep water, some not

ranging below 100 fathoms, and none lower than 150 fathoms."*

This statement, however, requires some modification, for though
most of the species belonging to these genera do live in less than
100 fathoms, yet if Cerithiopsis is read for Oerithivm, all have

recent species which exist at depths of over 600 fathoms. When,
however, the fauna of the Chalk Rock is contrasted with that

of the Terebratulina zone and compared with that of the Totternhoe

Stone or Chalk Marl, the contrast to the one and the resemblance

to the other are very suggestive of a lessened depth of water.

* Building of the British Isles, London, 1892, Second Edition, p. 264.
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Dr. W.F.Hume,writing in 1895,*came to the same conclusion.

He- remarks on the recurrence of the genus Holaster, which
disappears for a time in the Middle Chalk, only again becoming
common in and just below the Chalk Eock. He also notices

the return of Cephalopoda (Ammonites, Scaphites, Heteroceras

and Hamites) as suggestive in this connection, and as recalling

the abundance of these genera in the Lower Chalk.

Still later Mr. H. Woods discussed the MoUusca of the

Chalk Eookjf and from his paper I quote the following passage

:

" That the fauna of the reussiamnim zone lived in water of less

depth than the faunas of the other Turonian and Senonian zones

will, I think, scarcely be disputed. The Chalk Eock is very thin

generally, yet fossils are more numerous specifically and far more
abundant generally than in the other zones. It is well known
that at the present day we find a similar difference in passing

from comparatively shallow water to greater depths ; the number
of species as well as the number of individuals living on the sea

bottom diminishes considerably .... The relative richness of

the fauna of the reussiamum zone cannot be accounted for by any
difference in the nature of the sea-bottom, since in its original

soft state the chalk-ooze must have been, so far as animal life

was concerned, uniform in character throughout the Chalk

period. We can therefore only conclude that the change in the

fauna was caused by a decrease in depth ; and since the change

is so marked the decrease was probably considerable."

He further remarks (op cit., p. 400) that " in discussing the

question of depth from the evidence supplied by the genera of

Mollusca which have living representatives, we must consider

three main points :— (1) The genera which have a limited bathy-

metrical range ; (2) the depths at which the other genera are

most numerous ; (3) the relative abundance of the genera in the

reussiamwm, zone itself." He divides the genera into five groups,

but the limit of range which he assigns to the first group is not

correct, and some of the genera in his other groups are now known
to have a greater range. I would also exclude the genera Martesia

and Twbo (sensu restricto) from consideration. Martesia is a

kind of Pholas, which bores in wood, and floating wood containing

it might sink in any depth of water. Twrho as a fossil is indis-

tinguishable from Trochus and Calliostoma. I think, therefore,

the Chalk Eock genera may be arranged in three groups instead

of in five, as follows :—

(1) Genera not now living below 300 fathoms. Pleurotomaria,

a genua on the verge of extinction, and of which recent

specimens have only been dredged from between 73 and
200 fathoms. Cyprvna, which ranges to about 180 fathoms

.

* Natural Science, Vol. vii. p. 390.

t Quart. Journ. Geol. Sec., Vol. liii. p. 398 (1897).
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Ostrea, ranging to 277 fathoms off Marseilles (Locard.)

Plicatula and Trapezium the range of which I have been

unable to ascertain exactly, but Plicatula is said not to

range below 100 fathoms.; both are certainly now shallow

water forms, whatever they may have been in Cretaceous

time.

(2) Genera which now range to over 400 fathoms, but are not

found beyond 800. These are Crepidula, Emarginula,

Tiirbo (if present), CardiAmn, Cardita, Pecten, and
Sfomdylus. The first two range to over 450 fathoms on
American coasts. Cardita goes to 500 fathoms and
Spondylus to 640 in the Bay of Biscay.

(3) Genera which have representatives ranging to 1,000 fathoms

or laorei—Aporrhais, Gerithiopsis, DentaliAi/m, Natica,

Trochus, Area, lAmopsis, Nucula, Nuoulajia, Lvma,-

Modiola, and Cuspidaria.

The genera which are most frequently met with as fossils in the

Chalk Eock are Aporrhais, Cerithvurn, (? Gerithiopsis), Trochus,

Turbo, Pleurotomaria, Trapezium, Pecten, and Spondylus.

Of these it will be seen that six range to over 600 fathoms,

and that the only genus at present confined to shallow water is

Trapezium. Apropos of this and the genus Plicatula, it must
be remembered that none of the species survive to the present

day, and that there is no reason why the Cretaceous species should

not have ranged into deep water. Eeferring to modern deep-sea

forms, Mr. E. A. Smith has remarked that they do not present

any very special characters, and that in many cases "the same
species is equally well adapted for living in deep or shallow water,

and as far as our observations have reached, the shells, appear

to be very little affected by the difference of the depth or the nature

of the bottom."*

Mr. Woods puts the depth of water below which the Chalk Rock
was formed as somewheire between 100 and 500 fathoms. He
points out that if it had been less than 100 the genera

would almost certainly have been represeinted by a larger number
of species, for though there are a number of genera each genus

is only represented by one or two, at most three, species ; and that

if it had been more than 500 fathoms- the number of individuals

would have been less. I am quite prepared to accept this con-

clusion, but think it unlikely on general grounds that'the water

was less than 300 fathoms deep.

Little can be learnt from the Brachiopoda or the Echinodermata

of the Chalk Eock, as it does not contain any special forms, and

the Bryozoa have not yet been worked out.

The Foraminifera furnish better evidence, especiailly as many
of the species have survived to the present day. In the lists given on

* Challenger Exp. Report on the LamellibranGhtata, Vol. xiii. p. 5.
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p- 349 to 353 there are no fewer than twenty-five species recognised
by Mr. Chapman as occurring in the zones of Hoi. planus
and M. cortestiidiTiarium which do not recur in the higher zones,
if we disregard the exceptional deposits of the Taplow phosphatic
Chalk and the Trimmingham Chalk. Of these twenty-five species
fifteen survive to the present day ; eight of these are species of

great bathymetrical range, but the other seven are more restricted.

They are :—

MilioliTM agglutinans, essentially a shallow -water species,

and is not fouiid below 440 fathoms.

GavdrytTia filiformis, which ranges from shallow water to

moderate depths, 620 fathoms being its extreme range.
Spiroplecta annectens, recent specimens have only been found

at two localities (140 and 155 fathoms).

BulimiTia polystropha, a decidedly shallow water form seldom
found beyond 50 fathoms.

Cristellaria tricarinella, only found living at one locality

in Torres Straits (95 to 155 fathoms).

Truncatulina culter has a range from 580 to 1,500 fathoms.
Discorhina Bertheloti occurs chiefly at depths of less than

500 fathoms, though does range into deep water.

Two species of Prondiaularia also occur, and the modern species

of this genus are found chiefly between 80 and 600 fathoms, and
are rare at greater depths. As to Truncatulina culter, it is, of

course, very probable that it lives in less than 580 fathoms, thougli

not dredged in less by the Challenger Expedition. The evidence

of the Foraminifera therefore tends to confirm that of the MoUusca
that the zones of H. planus and M. cortestudinarium were formed
in less than 500, fathoms.

2. Subsidence.

We have next to deal with the zones which overlie that of

Holaster plamis, and form the mass of the Upper Chalk. The
zone of Mlcrdster cortestudinarium may be looked upon as a zone

of passage between that of H. planMS and that of M. coranguinum.

In. its hthic characters most of it resembles the chalk of the H.
planus zone, but the quartz-grains are always very small, and
glauconite grains are rare or absent. Cephalopoda and Gasteropoda

are riare, and it is evident that during its formation the conditions

which led to the formation of beds like the Chalk Eock were

gradually passing away.

Coming, then, at once to the consideration of the central zones

of the Upper Chalk, those of M. coranguinum, Marsupites, and

Act. quadratus, we find them presenting a great contrast to the

lower beds, and affording evidence that can only be interpreted

as indicative of renewed subsidence.



368 THE CRETACEOUS BOCKS OF BRITAIN.

Stratigraphical Evidervce.—In England the M. coranguvn/umTXiiie

everywhere presents the appearance of having been quietly and
continuously accumulated in water that was seldom disturbed by
bottom-currents. The chalk is very seldom of a nodular cha-

racter, and no layers of green-coated nodules have yet been observed

except at or above its summit in the Isle of Wight. In Ireland,

where there is such a great break in the continuity of the

series, sedimentation was recommenced at this epoch, but there

the chalk of this zone is sandy and glauconitic, owing to the

proximity of land, and it was not till the time of the Marsupites

zone that pure white chalk came to be formed in Antrim. " The
lower beds of the Inocerarrms zone are limited to the centre of this

(eastern) division, but the higher ones overlap the older strata

both to the south and north, invading the central area on the

one hand and extending to Carnlough on the other." * This

overlap and change from calcareous sand to glauconitic chalk,

and then to pure white chalk, seems to indicate a considerable

and extensive subsidence, carrying back the coast-lines and
deepening the water to such an extent that for the first time in

the history of the Cretaceous period a deposit of pure chalk-ooze

was accumulated in the Antrim basin.

Lithological Evidence.—In these zones the quantity of mineral

detritus in the residues examined by Mr. Hill is at a minimum.
In the M. coranguinwm zone the average amount of insoluble residue

is only 1"72, and the greater part of such residue consists of fine

clay and ferruginous matter. With a single exception the amount
of coarse residue varies from "005 to 'OSe, the exception being in

Yorkshire (Kirk Ella), where it amounts to 'lOS, but this is due

to the presence of silicified shell-fragments, and not to detrital

minerals. In other cases most of the coarse residue consists either

of arenaceous Foraminifera or of small lumps of porous oxide

of iron. A few minute grains of quartz generally occur in the

residue, but so few that they can always be easily counted, and
their average size is only 'IS mm., none larger than "46 being

seen.

In the zone of Ma/rsupites the coarse residues exhibit similar cha-

racters ; in amount they vary from -003 to "02, and the average

size of the grains is only '07, the maximum size being '19.

The same is the case in the zone of Act. quadratus, samples

from the south of England all having lesa than 1 per cent, of

insoluble residue, the coarser part varying from -001 to "05. A
few minute quartz-granules are generally present, their average

size being '08 mm.
Only in Yorkshire are the total residues larger than elsewhere,

and this is due to a larger proportion of fine clay in the flintleas

chalk of the zones of Marsupites and Act. quadratus.

* W. F. Hume on the Cretaceoua Strata of County Antrim, Quart,

ourn. Geo!. Soc., Vol. Uii. p. 601 (1«97).
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Such lithic chai'acters as those above mentioned are comparable
to those of recent oceanic deposits formed at a great distance from
land, and in which the quartz-grains are merely quartz-dust

originating over some dry ti-act of land and blown out to sea

during dust storms. One point may here be noticed, and that is

the absence of even the minutest fragments of volcanic minerals

in the chalk of these zones. In this respect it differs from almost
all samples of modern Globigerina ooze, in which volcanic debris

is almost always found. The Upper Chalk is, in fact, a more
purely calcareous deposit than any modern calcareous ooze, and we
may infer that no active volcanoes existed at this time anywhere
in the region of Northern Europe or of the Northern Atlantic.

Zoological Emde7ice.—Th.e MoUuscan fauna of this part of the

Upper Chalk (zones of M. coranguinwm, Marsupites, and Actino-

camax quadratus) has a character of its own which is not with-

out its significance. In the first place, Gasteropoda are of very

rare occm-rence ; of all those found in the Chalk Rock only

Pleurotomaria survives, and the only other yet discovered in

England is Hipponyx Dixoni. Even the lamellibranchiate fauna

is not a large one, so far as. genera are concerned, though indi-

viduals are often abundant. The principal genera are Avicula

(2 or 3 species), Inoceramus (8 species), lAnna (4 species), Septifer

(1 species), Osfrea..(10 species), Pecten (7 species), NeitJiea (2 species).

Pinna (1 species), Spondylus (5 species). It will be noticed that all

these are genera belonging to the allied families of Ostreidae,

Pectinidse, Mytilidse and Aviculidse; also that, with the excep-

tion of Inoceram/us, Ostrea, and P^cteti, none are represented

by many species.

The rarity of dimyarian genera is remarkable, for in the deep

waters of modern oceans they are at least as common as the Mono-
myaria, the principal modern genera being Callocardia, Ceto-

concJia, Cuspidaria, Lyonsidla, Abra, Verticordia, Miocardia,

Nucula, Nuculana, and Area. The absence of some of these genera

may perhaps be accounted for by the fact that the shells of the

first five above named are so thin that in all probability they would

not long remain undissolved on the ocean floor, and thus would

not be hkely to occur as fossils in a deposit which had been formed

at a great depth (600 fathoms or more). Verticordia and Mio-

cardia, which have fairly thick shells, may not then have existed,

since they are only known as fossils in Tertiary deposits.

Nuculana, Nucula and Area, however, certainly existed in the

Cretaceous period, and their absence is not so easily accounted for

:

it may well be, however, that their shells are less durable and

less resistant to solvents than thos^ of Ostrea, Pecten, Pirma, and

allied genera. To test this possibility I have made a rough experi-

ment with single valves of recent Nueulamxi and Pecten. Valves

were chosen of nearly equal weight, and each was put in an egg-

cup with an equal quantity of water to which five drops of strong

6821 A A
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hydrochloric acid was added. The Nuculana was completely

dissolved in the course of ten minutes, while the Pecten retained

its shape at the end of twenty minutes, just broke when touched

at the end of twenty-five minutes and was not wholly dissolved at

the end of fifty minutes. This result was so suggestive that

another trial was made but in this the difference was less.

When, however, we remember that both Area and Nucvla
are hot uncommon in the Chalk Eock, their absence in the higher

zones seems most reasonably accounted for by disintegration

pi:eviou3 to complete embedment ; if it had taken place subse-

quently casts would have been left, as in the Chalk Eock.
I conclude, therefore, that we must not regard the fossil fauna

of the zones of M. corangwimwm, Marswpites, and Act. quadratus

as presenting us with a complete assemblage of the MoUuscan
life then hving on the ocean floor, but rather as being only those

shells which, by reason of their strong calcitic structure, were
enabled to resist the disintegrating influences operating at such

depths.

We may next consider the Bryozoa, which have been invoked

by M. Cayeux as forbidding us to consider any part of the Chalk

as a deep-water formation.* He has attempted to compare the

bryozoan genera of the Upper Chalk of France with those of

the modern genera recorded by Mr. Busk in his monograph of

the Challenger material. The French Bryozoa referred- to by
M. Cayeux came chiefly from the zones of M. corangxdnum and

Bel. mucronata and of the genera enumerated only sixteen are

mentioned in Mr. Busk's monograph. Of these genera nine

now live at depths of less than 150 fathoms, while seven have

species which exist only in greater depths, but the number of

deep water species is less than the number of those which are

restricted to shallower water (within 150 fathoms). He con-

siders this evidence to be sufficient indication that the Chalk was
not formed in deep water ; and he further points out (p. 500)

that, this being so, the Echinoderms, which so often bear Bryozoa

on their tests, cannot be cited as^ indicating any great depth of

water.

In this argument there are two weak points : (1) His data

are obtained chiefly from two zones only, to the exclusion of the

others, and yet he draws conclusions as to the Upper Chalk as

'a whole. (2) The generic nomenclature of the Bryozoa is at

present in such confusion that no such comparison can be relied

upon until the nomenclature has been revised.

Knowing that Dr. J. W. Gregory was engaged upon such a

revision of the fossil Cretaceous Bryozoa, I asked him if he could

express an opinion on the question, and he replies as follows

:

" The Bryozoa of the zones of Hoi. planus and Micr. cortestudi-

narvmn, might have lived at a depth of 100 fathoms, or of as much

* Contributions a I'^tude Micrographique des Terr. Sed., 1897, p. 501.
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as 600 fathoms, possibly even rather more, but there are other
zones in the Chalk in which Bryozoa are rare, and these were
probably formed in deeper water than the cortestudmariiim zone."

The last remark is significant, especially when the relative

abundance of Bryozoa in different parts of the Upper Chalk is

considered. Thiy are very abundant in the zone of M. cortes-

tudinarium and in the lower part of the M. corangmnum zone.
With respect to the other two zones I have consulted Dr. A. Eowe,
of Margate, who has paid special attention to the Bryozoa and
their distribution; he informs me that in the zone of Marsupites
they are sometimes fairly common, but in other locaUties they
are rare, that the zone of Act. quadratus is generally rich in them,
but not invariably so. With regard to the zone of Bd. rrmdronata,

the evidence at present available tends to show that its lower
part is not very rich in Bryozoa ; whether the higher part is

richer has not been definitely ascertained but in the Trimingham
chalk they are certainly abundant.

It wiU be seen, therefore, that the testimony of the Bryozoa,
so far as it goes, is strongly suggestive of a gradual subsidence,

culminating in the zone of Marsupites when the depth of water was
greatest and consequently least favourable to abundant bryozoan
life ; and, further, that there was subsequently a recovery from
this subsidence, till the water was sufficiently shallowed to be
once more favourable to their existence.

The only other class of animals which seem likely to afford

evidence on the question before us is that of the Foraminifera.

Referring to the list of Upper Chalk species given on p. 349, it

will be found that Mr. Chapman has determined 88 species from
the zones we are now discussing.* Of these 46, or. rather more
than half, still survive, and it is significant that no less than 35

of them are species which range into deep water, i.e., into depths

of more than 1,000 fathoms. Only 11 are species which, up
to the date of Mr. Brady's Challenger Report (1884), were not

known to occiu* in depths of more than 700 fathoms ; these are

the following :—

Species. Range given.

Fathoms.
Rhizammina indivisa - - - - 150 to 540
Textularia turris - 350 „ 390

„ troclms - „ 390
Verneuiliiia triquetra - 89 „ 390
Gaudryina filiformis - - - - „ 620

„ rugosa - - - „ 675
Tritaxia tricarinata - - „ 155

Nodosaria aculeata - - - - - 95 „ 405
„ filiformis - - - 50 „ 450

Bamulina globulifera - - 95 „ 620
Pulvimilina concava - - - - „ 160

*7Excludiag those found in the Phosphatic Chalk of Taplow, which will

be referred to in the sequel.
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Since the date of the Challenger Report, TesMlaria turfis has

been found at 438 fathoms and Gaudryina rugosa at 93G fathoms,

both in West Indian waters ; moreover, several of the species

are rare as recent forms and may at any time be found at greater

depths than those at which they were obtained by the Challenger

Expedition. Thus we may safely say that the range of Tritaxia

tricarinata is unknown, for it has only been found living at one

locality; as it ranges through every part of the Chalk and is asso-

ciated with species which are now commonest in deep water,

there can be little doubt that in the Cretaceous period, at any rate,

it had a considerable range in depth. Excluding the Tritaxia,

there remain six species which at the present time have only been

obtained at depths of less than 500 fathoms. This fact must be

taken for what it is worth, but it is of the nature of negative

evidence, and the positive evidence of the Foraminifera found

in these zones of the TJpper Chalk is decidedly in favour of their

having been laid down in water of greater depth than prevailed

during the formation of the zones of H. planus and M.
cortestudinarium .

This statement, however, will not apply to the assemblage of

Foraminifera found in the phosphatic chalk of Taplow (see p. 219),

which is remarkable not only because it is very rich in Forami-

fera, but because so many of the species have not been found

elsewhere. Thus Mr. Chapman distinguished no fewer than

99 different species;* of these five were described as new species,

and of the rest 30 were not previously recorded from any part

of the Chalk, while no fewer than 44, or nearly half, have not

yet been recorded from any other bed in the Upper Chalk. Among
those species which have survived to the present day 13 are either

shallow water forms or appear to have a very limited range in

depth ; these are :

—

Spiroloculina limbata - Shallow water, rare beyond 400 fathoma.

Miliolina trigonula - Shallow water, rare beyond 500 fathoms.

Textularia conica - - Shallow water to 142 fathoms.

Bolivina nobilis - - Ranges from 6 to 400 fathoms.

Nodosaria aculeata - • Banges from 95 to 450 fathoms.

„ hispida - Eanges from 95 to 450 fathoms.

„ Rcemeri - - In less than 400 fathoms (N. Atlantic).

Lingulina carinata - - Ranges from 40 to 580 fathoms.

Cristellaria gemmata - Rare but only found between 95 and 210
fathoms.

Pulvinulina Karsteni - An Arctic species from less than 220

4^ ,
fathoms.

„ repanda, var.

concamerata. Found in less than 150 fathoms.

„ punctulata - Ranges from 10 to 390 fathoms.
Rotalia Beccari - • Essentially a shallow water form.

W I

* Quart. Journ. Geo]. Soc., Vol. xlviii. p. 514 (1892). In this paper
98 is the number mentioned, but Mr. Chapman informs me that Tritaxia

, oceolata was unintentionally omitted.
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Eight of these are essentially shallow water forma, and yet
others are associated with them which are just as characteristic

of deep water, such are Miliolina venusta, Rliizam/mina algcB-

formis, Verneuilina pygmcea, and Rotalia Soldani.

Such discordant evidence can only be expla'ned on the suppo-
sition that the shallow water forms had been transported to the
spot where they are now found, and the most probable means
of transport is that of a current, as was first pointed out by Mr.
Strahan.* There are other facts connected with the deposit

which suggest the action of a current ; the underlying floor of

indurated chalk, the abundance of remains of small fish, and
the phosphatisation of the shell-fragments and the Foraminifjera.

The explanation of all these facts is probably that suggested by
Mr. Strahan—namely, a temporary " change in the strength or

direction of the local ciurents" f ; but I think we may go further

than his cautious and general statement, and may attribute the

phenomena to the action of a strong current setting out from

shallower water and temporarily directed over this spot. In

all probabihty this current carried along dead and decomposing

organisms of various kinds, and this food supply was accompanied

by a swarm of smaU fish who followed it into deep water. Further,

it seems most probable that this current set southwards from a

northerly direction, for three of the Foraminifera have a remark-

able distribution at the present day, PvlvinuliTui Karsteni being

only known from Arctic seas, Pulv. concamerata only from British

seas, and Nodosaria Roemeri being found chiefly in the North

Atlantic. Such a ctirrent will also account for the phosphatisa-

tion, for phosphatic nodtiles are mostly found in localities where

currents cause the meeting of waters of different temperatures.

I would, however, guard myself against being understood to

suggest that the imported Foraminifera were brought from really

shallow water in the neighbourhood of a shore-line ; it will be

seen that all of them range to 150, and manyofthem to400, fathoms,

and it is quite possible that some part of the sea-floor to the north-

ward rose into a submarine bank, parts of which may have reached

to within 100 fathoms of the surface, but were still at a consider-

able distance from land, exactly as Eockall Bank does at the pre-

sent day. In this I agree with Dr. Hume, who regarded them

as "transported by current action, not from a shore-line, but

from considerable depths, and that this explains the absence ot

any mineral materials,"! and with Mr. Strahan, who writes :
" From

whatever direction it (the rock material) was drifted, it must

have been from a region almost unreached by mineral sediments." §

• On Phosphatic Chalk, Natural Science, Vol. i. p. 284 (1891).

t Quart. Joura. Geol. Soc., Vol. lii. p. 468 (1896).

I Dr. Hume in Proc. Geol. Assoc., Vol. xiii. p. 239 vl894).

§ Natural Science, Vol. i. p. 285.
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3. Re-Elevation.

We have finally to consider the contents of the zones of Belem-

nitdla mucronata and Ostrea IvrnMa, and to see in what respects

they differ from those of the underlying zones.

(1) Lithological Evidence.—^Mr. HUl and Dr. Hume have de-

scribed the residues of five samples from the zone oiBel. rrmcronata

and the quantity of detrital material is still very small, but seems to

be variable, and in some of the samples, grains of detrital minerals

are more numerous in the coarse residue than in any sample from
the two underlying zones. It is noticeable too that grains of fel-

spar occur in two of them, and that in the residue of the Norwich
chalk Mr. Hill mentions " an appreciable amount of sand."

In the Trimingham chalk not only is the total quantity of

residue large, but half the coarse residue consists of fine sand,

composed chiefly of quartz, but including grains of felspar, mica,

rutile, tourmaline, and zircon. In this respect, as well as in the

presence of glauconite, and in abundance of shell-fragments and
of Foraminifera, this chalk resembles that of the zone of Holaster

plavAis more than any other part of the Upper Chalk ; it differs,

however, in the much smaller proportion of glauconite, and in the

more minute size of the mineral grains.

The evidence above indicated distinctly favours the hypothesis

that a movement of elevation was in progress during the forma-
tion of these beds. ,..^

(2) Zoological Evidence.—With respect to the MoUusca, it will

be noticed that Cephalopoda are more numerous, six species of

Ammonites having been found in the Norwich Chalk, together
with species of Bacidites, Crioceras, Heteroceras and Nautilus,
the reappearance of these genera recalling the fauna of the Chalk
Eock. No doubt their presence merely means that there was
more food for these animals, but then why was such food moie
abundant ?

More significant is the recurrence of several genera of Gastero-
pods ; individuals are rare, but representatives of the following
have been found, Avellana, Aporrhads, Dolium (?), Ema/rginula,
Hipponyx, Nerincea, Pleurotomaria, Turbo, and Turritella. The
presence of these in the zone of Bel. Ttmcronata shows that their
absence in the underlying zones cannot be attributed to the solu-
tion of their shells after the elevation of the Chalk into Tertiary
land, but must be due to some contemporaneous condition which
prevented their embedment. If this condition was a great depth
of water, as already suggested, then their occurrence as casts in the
Bel. mucronata chalk may be taken as indicating a lessened depth
of water, allowing such shells tp last long enough for complete
embedment.
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Among Lamellibranchs the reappearance of Cuspidariacaudata
has a similar significance, the occurrences of this shell being especi-
ally remarkable; it has been obtained from the Chalk Marl'
(base), from the Chalk Eock, and from the Norwich chalk, and
from these horizons only, yet its recurrence shows that it existed
throughout the whole period, and until a specimen is discovered
in the zone of Terebratulina, or in one of the three middle
zones of the Upper Chalk, its preservation in Chalk Rock and in '

the zone of Bel. mucronata may fairly be regarded as something •

more than an accidental coincidence.

The reported recurrence of Pholadomya is also worth notice, for
'

if correct, it is the only occurrence of this genus above the zone
oi Holaster svbglobosus. It is a deep water shell, and a recent species
has been obtaiaed down to 1,100 fathoms (Fischer), so that its non-
appearance in the other zones is the more surprising. On the
hypothesis above suggested, its absence from " certain zones is

comprehensible, but one would expect it to occur in the zone of

Holaster planus.

'' With regard to the Bryozoa, little can be said, as they have not
been specially collected from the Norwich Chalk.

Neither do the Foraminifera, so far as they are at present known,
afford any decided evidence of a decrease in the depth of the sea.

The total number identified by Mr. Chapman (see p. 337) is 53,
and of these 22 are still living, but nearly all of them are species

which range from shallow to deep water.

Coming now to the Trimingham Chalk, which I have separ-

ated from the Norwich Chalk under the name of the zone of Ostrea

Ivmata, we find several members of its fauna worthy of notice.

As in the Norwich Chalk, Am/monites and Bacvlites are found,

and at least two genera of Gasteropods (Cerithium and Turbo).

Among Lamellibranchs there are Area Gemitzi (which probably

also occurs near Norwich) and Nucula pectinata, a species which
was not known to range above the Chalk Marl in England, but

which was identified byProfessor Deecke among the fossils collected

by Mr. Brydone (see p. 266). This species evidently persisted

throughout the whole TJpper Cretaceous period, and the non-

existence of its shell in the great mass of chalk which lies between

the Chalk Marl and the Trimmingham beds is a fact which demands
explanation. Either it was a species which only lived in moder-

ate depths, or, if it could and did live in deep water, its shell was
destroyed before its embedment was complete. In either case

this. Nucula may be expected to occur in the zone of Holaster

planus, now that it has been discovered in that of Ostrea Immta.

Nucula pectinata has been found in the marls and sandstones

which represent the Turonian and Lower Senonian stages in

Bohemia, a proof that it persisted with other Cenomanian species

jn the shallower waters of the Cretaceous sea.
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With respect to the Bryozoa, we are not yet in possession of suffi-

cient evidence, but Mr. Brydone informs me that these are

abundant and that many of the species are identical with those of

the chalk of Etigen in North Germany.
The Foraminifera have not yet been fully investigated, but

among those isolated by Mr. Hill and examined by Mr. Chapman
34 species were identified, and of these 24 are still living, and this

is noteworthy, as being a larger proportion of living forms than is

the case with any other part of the Chalk. When the ranges of

these species are considered, however, th3 evidence is found to be
conflicting and inconclusive. Thus there are two essentially shallow

water forms, Polymorphma commvunis and Discorbina globularis ;

on the other hand, these are associated with Bulimina exilis,

Pullenia spheroides, and Rotalia Soldani, which are more especi-

ally characteristic of deep water.

Textvlaria sagittiila may also be mentioned, for, though it now
ranges into deep water, it has only yet been recorded from two
other localites in the Upper Chalk, Taplow (zone of Act. guadratus)

and Lewes (zone of Micraster cortestudiiiarium,). and is in both
cases associated with some species of limited range.

Concluding Remarks.

From the facts mentioned in the preceding pages it will be

gathered that there is a certain amount of evidence m favour, of

the conclusions predicated on p. 361. The evidence of upheaval

during the formation of the Holaatpr planus zone is strong, that

of the subsequent subsidence is fairly definite, but the indications

of re-elevation to be found in the zones of Belemnitella Trmcronata

and Ostrea Iwnata are not quite so cogent. With respect to the

last, no one will be disposed to doubt that the Cretaceous period

did actually close with such a movement of upheaval, even if it

had not proceeded very far at the time when the English record

of Cretaceous history breaks off, for we must remember that the

final members of the Cretaceous Series are wanting in this country,

having been destroyed^by the erosion which preceded the deposition

of the Eocene Series.

Dr. W. F. Hume, writing on the " Genesis of the Chalk " in

1894,* published a diagram to illustrate the relations which he

believed to exist between the varying lithological characters of the

Chalk zones, and the probable depth of the water, and as my
examination of the evidence tends to confirm the general idea

expressed by his diagram, I have adopted a similar method of

showing the probable variations in depth which took place during

the formation of the Middle and Upper Chalk.

It must be understood that this is only a diagram, and that it is

not to be taken as indicating any belief that that maximum subsi-

dence of the English area in the Cretaceous Period was 700

* Proc. Geol. Assoc, Vol. xiii, p. 240.
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fathoms, neither more nor less. The line is drawn down to 700
fathoms merely to indicate the probable extent of the depression as

compared with the preceding amount of elevation.

Dr. Hume (loc. cit., p. 239) has suggested that the relative

abundance of flint nodules may have had some relation to the depth

of water in which the beds were laid down, and he points to the

reduction in the size and number of the flints in the Marsupites

zone as possibly coinciding with the period of maximum subsidence.

The rarity of flints in this zone is not invariable, for they are fairly

abundant and of moderately large size in these beds throughout
Dorset and Wiltshire, but in the eastern part of England it does

seem to be the case that they are fewer than in the zone below.

In Yorkshire both the zone of Marsupites and that of Act.

quadratus are flintless, but elsewhere flints are of regular occur-

rence in the latter zone, so that it is doubtful whether
the relative abundance of flints can be taken as having
any connection with a supposed decrease in the number of

siliceous sponges beyond a certain limit of depth.

ADDENDUM.
WTien discussing the conditions wider which the White Chalk was

formed, in Chapter XLVI. of Volume II. ofthis Memoir, I omitted to notice

a paper by Dr. A. S. Woodward on " The Antiquity of the Deep-Sea
Fish-Fauna."* In this he remarks that "among ffshes it is usually

possible to distinguish the deep-sea forms by their comparatively delicate

skeleton or by their attenuated fin-rays, or bi/ indications of a great develop-

ment of the slime canal-system which is related to ihe production oflumin-
osity or even to the formation of special luminous organs. Judged by these

criteria the majority of the deep-sea fishes of the Cretaceous period a/re mm'e
or less closely related to the Scopeloids and Berycoids, which still form so

conspicuous an element in the abyssal fauna. Ihey are best knovm thus far
from the Chalk of England and from equivalent deposits in Westphalia,
Bohemia, Dalmatia and the Lebanon." lie refers especially to Dercetis
Echidnoceplialus, Istieus, and the Berycoids.

* Natural Science, Vol. XII. p. S57.
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CHAPTER XXV.

ECONOMIC PRODUCTS OF THE CHALK.

1. Building Materials.

Beer Stojie.—This stone is only quarried near the village of Beer,

in Devonsliire, and only one quarry is now worked, but formerly

there were others, and it was also quarried in Hooken Cliff, west
of Beer Head, where the old adit can still be seen. A similar stone

was formerly worked at Sutton, near Widworthy, eight miles

north of Beer, and was known as Sutton Stone ; this occupies

the .same stratigraphical position as the Beer Stone, and is un-

doubtedly an outlying remnant of the same bed, but it has not been

found at any other locality.

The thickness of the best beds of freestone which were being

quarried west of Beer in 1894 was 12 or 13 feet, and the adit

was a tunnel of more than that height opening from the face of the

quarry into the large subterranean excavations. The stone here

seems to have been worked from the open quarry until the head of

chalk above became so great that it was necessary to tunnel for the

stone.

Smeaton, in his history of the Eddystone Lighthouse, gives an

account of a visit which he paid to Beer about 1750. He says :
—

" I first visited the quarries at Beare, near the south-east corner

of Devonshire, and near the sea coast. I found the bed or stratum

of freestone worked here was of considerable thickness, and with

so great a cover of earth upon it that it was worked in underground

cavities, the superincumbent strata being supported by pillars

formed by detached parts of the stratum left standing. Here the

stone, which is of the calcareous kind and in point of hardness

and texture much like Bath Stone, but whiter, lies in so soHd and

thick a bed that blocks might be cut out from it of any size required

;

and though the stratum is very compact (that is, free from fissures),

yet it is of so soft and workable a nature that I found the workmen
sawing out blocks from the general mass (or posts) with carpenter's

saws, which they could do to any dimensions required ; and

though this stone was capable of being thus wrought, and was so

free to the tool, yet I found that it hardened considerably after

being exposed to the weather, as was manifest by the buildings

that had been erected many years at the village of Beare."

The quarry seen by Smeaton is an old one not" now worked,

the opening to which is on the south side of the lane, and nearly
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opposite the existing quarry and tunnel. Smeaton's account

is very correct, except in regard to its comparison with Bath
Stone, which is of ooUtic structure, whereas Beer Stone appears

to consist entirely of small fragments of shell very uniform in size.

It is yellowish in colour, hardens much on exposure, and is alto-

gether much stronger than Bath Stone, and very much superior

to the Caen Stone which was once so much used in England.

The following remarks are quoted from a pamphlet entitled
" Observations on Beer Stone," by P. E. Masey, Esq., Architect,

and printed by J. Townsend, Exeter, 1882 :
—

" The stone has these special advantages— agreeable appearance,
fine grain, especially fitting it for delicate carving, and easiness

and cheapness of working. It is beyond rivalry the cheapest stone

in the market.* Its durability for interior work is undoubted,
and for exterior purposes it is at least better than many, and, I

think, equal to any."

As regards durability, even in the atmosphere of London, Mr.
Masey instances its use in St. Stephen's Chapel, Westminster, the

crypt of which he states to be built of Beer Stone, not of Caen
Stone, as believed by Mr. C. H. Smith and others. " The church

of St. Pancras, Exeter, shows its resistance to deleterious city air

for 600 years."

In mediaeval times Beer Stone was used far and wide throughout
the east of Devon and the adjoining parts of Somerset and Dorset,

and even in Hampshire, as in Winchester Cathedral, where Mr.

Masey identified it in a portion of William of Wykeham's work of

the fourteenth century, and where it had stood well in an exposed

position for 500 years. He also remarks :— " Beer Stone was used

in the cathedral of Exeter from the Norman period downwards,
mostly for interior work .... In the cathedral archives the

stone is mentioned in 1427 to 1434, and the stone so specified is

said to have been used in building the chapter house." Among
other churches in which Beer Stone is used may be mentioned
those of Charmouth, Lyme Eegis, Uplyme, Chard, Colyton, Ax-
minster, Axmouth, Seaton, Branscombe, Ottery St. Mary, Honiton,

St. Lawrence Clist, Whimple, and Tallaton.

With respect to the capacity of Beer freestone to resist strain

and stress, experiments were made in 1879 by Mr. David Kirkaldy
(of 99, Southwark Street, London). Twelve specimens of the stone

of four different dimensions were submitted to him and he tested

the thrusting stress they would bear with the following results,

* I am informed by the managing director of the Beer Freestone Com-
pany at Seaton, Devon, that the price of the freestone delivered in London
ia Is. 6d. per cubic foot, and elsewhere at proportionately low prices. If

the demand for the stone increased a pier could be erected at Beer and
water-carriage employed which woxild still further cheapen the stone.
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the figures given being the mean result of three specimens of each

size :—

Dimensions.
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are less hard, and do not stand weather so well as the naiddle beds,

and the lower beds are in thinner courses. The stone is now only

worked in the open quarry, but formerly adits were driven into

the hill along the outcrop of the stone..

Totternhoe Stone has been used in the construction of many
of the churches in the neighbouring parts of Bedfordshire, Hert-
fordshire, and Buckinghamshire. It is eminently suitable for

carved and moulded work^ inside such edifices, lasting well if

preserved from the weather! Mr. J. Saunders, of Luton, informs
me that the tower of the parish church of Luton is built chiefly

of alternate cubes of Totternhoe Stone and black flint. It has
also been employed in Woburn Abbey, in Fonthill House (Wilts), at

Ashridge, and for the organ screen in Peterborough Cathedral. *

The following description of the working of the stone at Tottern-

hoe is from a work by P. Kalm, in which he gives an account of

his visit to England in 1748, on his way to America.f Mr. Joseph
Lucas translated this work into English, in 1892 1 but it is from
the MS. which he kindly lent me before pubhcation that this

account is taken :—

"This freestone is dug deep under the hills. Here were three

places, where they had formerly hewn the same, and where adits

down at the foot of the hill went far under the earth, or the Chalk
hill. I was as far in as the ends of two, one of which went as

far as 40 poles (=660 feet). ... At the entrance the adit

was walled for about 12 feet, to keep it free from slips. After

getting about 40 feet into the mine there was no more daylight,

but it was coal-black darkness, as of night. The breadth of these

adits underground was for the most part 6 feet, the height 7 feet.

. . . The water now trickled down everywhere through
the roof, or vault of the adit, from the hill above . . . Both
roof and walls were very uneven, for sometimes the sides pro-

jected and sometimes went in hollows. . . . The adits . . .

went most horizontally, yet they sloped a little down in some

Elaces.
On both sides of the main adit there went other adits,

oth at acute, right and obtuse angles ; so that if the entrances

of all these cross-galleries had been open there would have been,

to one unacquainted with them, the worst labyrinth and maze
there could possibly be ; but these adits were now mostly filled

up with the loose bits of freestone which had been broken off in

the process of hewing.

" The stone divided itself here in the mine all in cracks or

fissures, which aU went from above downwards more or less

* See Eeport on the Selection of Stone for the New Houses of Parliament,
1839.

t En Kesa til Norra America Tom. i. pp. 288-293.
Stockholm, 1753.

I "Kalm's Visit to England," pp. 292-296 (MacnjiUan).
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perpendicularly, but no fissures ever ran horizontally or very
obliquely, which was the unanimous account of the workmen.

" These fissures were sometimes broad, six inches wide or more,

sometimes quite narrow, but nearly all very deep, so that a stick

four feet long could be stuck into them without reaching the end
of them.

" These stones naturally clear each other perpendicularly on
all sides, and form as it were perpendicular sides of cubes and
oblongs, but they are never naturally divided horizontally [in

other words, the planes of bedding do not show, whilst the joint-

planes are matked], but all horizontal division must be eftected

artificially. When the workmen wish to have a stone broken
horizontally . . . they hew with their picks a horizontal line

where they wish it to be divided, and then knock wedges of iron

into it, by which they spring it loose horizontally to any thick-

ness they please. . . .

" The stone down in the mine, and when it was first hewn,
was of a grey . . . colour, and so soft that it could be cut

with a knife as easily as a hardened or dry pot-clay ... . but

when it had come up to the day and lain for a time in the open

air it became very white, although not quite so white as chalk, for

it could be seen that there was a considerable difference it one

wrote with a piece of chalk on a wall built of this stone. . . .

Similarly, it has also the property that after it has come into the

open air it always hardens more and more. . . . Hence it is

that as soon as it comes out of the mine or stone-pit it is worked
. . while it is stiU soft.

" We also noticed the occurrence of nodules of pyrites (Crow's

gold) and of shells in the stone, and that it was used not only as

a building stone, but also ' for window-frames and door-posts, and
arches over fire-places, windows, and doors for several kinds of

pedestals and pillars, the bottoms of baking ovens, etc'

"

Ordinary Chalk.—Besides the recognised building stones of

Beer and Totternhoe, ordinary firm chalk taken from the liower

or Middle stages of the formation has been used for building

purposes in many parts of England. I have seen square blocks

of chalk used in the outside walls of houses and cottages in

Norfolk, Suffolk, Cambridge, Herts, and Dorset, and some of

them have stood the weather very well.

The following letter, written by Mr. C. B. Kose, on February 4,

1830, to Mr. S. Woodward, of Norwich, has been published by

the grandson of the latter (Mr. H. B. Woodward), and relates to

the use of chalk in Swaffham, in Norfolk :

—

"From an examination of the monastic and castellated

remains of this neighbourhood, it appears to have been

extensively used for inside work, not merely for the inner walls

dividing the building into apartments, but the inner portion of

the outer walls. The walls of the Castle, at Castle Acre, are con-

structed of chalk, cased exteriorly with flint or other less
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perishable material. Chalk still continues to be employed in the
construction of barns, cottages, farmhouses, garden walls, etc.

The hard grey chalk (that without flint) is to be preferred, but
the chalk with veins of flint is occasionally used and foimd to
answer ; walls constructed of it remain damp a long time, I
believe. It is necessary that the mortar is of the best quality, to
ensure the durability of the building ; and equally necessarj^ that
the wet should be prevented from insinuating into the work ; for

instance, to insure the durability of a wall, it is necessary to
have a good coping of brick or tile to protect the upper surface.

" The method of using the chalk is as follows : It is raised
by quarrymen in largish masses, and allowed to weather ; the
hardest and that without flaws (for some portions are disposed to
part into laminse by the frost) is chosen, and squared mto the
form of a brick, but somewhat longer and about twice the thick-
ness [of ordinary bricks] ; these forms are then used as if they
were bricks, for the outer and inner layers of the work, the space
between being fiUed with irregular fragments

"

Mr. Hill and I found the lower part of the Middle Chalk being
quarried partly for building stone in 1886 at Northwold, in West
Norfolk, and were informed that many houses in that village had
been built of it ; also that it stood well if dug and squared m the
early part of the summer, and then allowed to get thoroughly
dry before being used.

Mr. Skertchly found that the chalk obtained from a quarry by
the river about two miles west of Brandon was used for walling

purposes, being a moderately hard chalk (probably Middle
Chalk) ; the same is the case with the chalk near Hilborough.
Of the Lower Chalk quarried at Marham, in the same county,

Mr. R. C. Taylor has said that it is " sufiiciently hard for building,

the church, the adjoining abbey, and a tomb within the church,

with recumbent figures, having been principally constructed of

this material."* (For the quarries at Marham, see Vol. II.,

p. 212.)

Mr. H. W. Bristow, writing in 1862 of the northern part of

Hampshire says, ;
" The chalk is used in the form of lime, both

for building and agricultural purposes, while the harder beds are

used for buildings, locally, in all parts of the county."f

Mr. HiU found the upper part of the Middle Chalk being

quarried for building material on the north bank of the Thames
at Medmenham in 1899 (see p. 212.)

Flintwork.—Flints have been used from very early times not

only in the construction of simple walls but in edifices of various

kinds, and, as Mr. Whitaker has remarked, " they probably form
the most lasting material in the kingdom. They may be seen, in

the rough state, in Roman work, as near St Albans, and in many
old churches of various dates ; but they are also used with better

effect after having been dressed to a flat rectangular surface, of

* Trans. Geol. Soc, Ser. 2, Vol i. p. 378 (1824).

t Explanation of Sheet 12, Mem. Geol. Survey, p. 18 (1862),
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which there is a good example in the exquisite Httle Decorated
church of Shottesbrooke, in Berkshire."*
When used in the rough for walls, weathered flints picked off

the surface of the land, or taken from flint gravels, are just as
good if not better than fresh flints, but for faced work it is
necessary to get fresh flints from the chalk, as these can be split
more readily in any required direction, and black flints have
generally been selected for this purpose.
Faced flints are often arranged in patterns and frequently in

squares, alternating with blocks of stone, the contrast of black
flint and light coloured stone having a good effect. The county
of Norfolk is renowned for its flint work, which can be seen in
many of its churches and older buildings. The old Bridewell, by
St. Andrew's Church, Norwich, erected about 1400 a.d., is a fine
specimen of flintwork, of which Blomefield, writing in the middle
of last century, says that it is " esteemed the most curious wall of
black flints in all England for its neat work and look, the stones
being broken so smooth and joined so well."

Mr. S. B. J. Skertchly remarks tJiat in some of the Norwich
churches the faced flints have been " very cleverly worked to fit

into freestone tracery of the Decorated style."f
Land-flints and gravel flints are still used not only for garden

walls but for the walls of churches and other buildings. A very
recent instance of such construction is the church at Shernborne,
in Norfolk, which has been completely restored at the expense of
the Prince of Wales, on whose property it stands. The restoration
was completed in 1898, and the vicar informs me that many of the
flints were in the old church, and that the rest were obtained from
the gravel pits at Bircham ; the walls are built almost entirely of
them, only a few pieces of " ironstone "

(? carstone) being used
here and there.

A considerable trade in buUding flints is still carried on at

Brandon, as a survival of the former trade in gun-flints. The
following remarks are quoted from Mr. S. B. J. Skertchly's memoir
on Gun-flints,J and were written in 1876—" The cores from which
flakes have been struck are slightly worked up to form building
stones, or builders, as they are more commonly called. From
their mode of formation they taper towards the end ; but they are

worked to a level face, if possible, but if any projection exists on
the face it is struck off and is then called a ' chip back,' because
it has been chipped back to a level face. These, however, are

not considered so good as those which have a smooth face struck

by a single blow of the quartering hammer. 'Builders' are known
under the following designations :

—

1. Square black-faced builders.

2. Square mixed coloured builders.

3. Round black builders.

* Geology of London, p. 500, Mem. Geol. Survey (1889).

+ Manufacture of Gun- flints, p. 35, Mem. Geol. Survey (1879).

J On the Manufacture of Gun-flints, p. 34, Mem. Geol. Survey (1879).

6821 B B



386 THE CHETACE0U3 BOCKg OP BRITAIN.

4. Round mixed coloured builders.

5. Random faced builders.

6. Rough builders.

7. Land Stones.

" The first four are made to size as ordered, but this size is

arbitrary, the fifth are called ' randoms,' because they are of any
size, and are not assorted. The two last are not cores ; No. 6 are

irregular pieces broken from the quarter [the quartering or first

breaking of the large flints] ; No. 7 are merely stones picked from
the surface of the ground and built into walls without any dressing

"These flints make a very durable and nice-looking wall.

Many of the houses in this district [i.e., Brandon and neighbour-
hood] are built of them, and when the quoining is of brick the
appeara,nce is quite attractive, and possesses none of the heavy
look that might have been expected The trade in
' builders ' is steadily increasing, and their durability and eftective-

ness, combined with small cost, bid fair to give them a more
extensive sale than has hitherto been their lot.

" The prices in the town at present (1879) are :

—

For the first four kinds, 4s. per 100.

For random faced kinds, 3s. per 100.

For rough builders 3s. 6d. to 5s. per ton.

In Suffolk, mixed-coloured builders are preferred to black ones."

Specimens of all these kinds of faced flints are preserved in

the collection of building stones in the Museum of Practical

Geology. It is customary lor the maker to mark his initials and

the date on one or more of the flints supplied, and Mr. Skertchly

states that on All Saints Church, Icklingham, Suffolk, the follow-

ing marks are seen :

—

J B. (James Benstead) 1806.

H. A. (Henry Ashley) 1865.

The marking is done by a series of small indentations made by
sharp rebounding blows on a punch, each blow driving out a

Httle bulb of flint.

Near Norwich, many old workings and galleries have been

found in the chalk, made evidently for the purpose of extracting

fresh flints. One of these was foimd in 1823, near St. Giles' Gate

and was described by Mr. G. W. Featherstonhaugh as consisting

of various galleries about8feetinheight,from2 to 5 feet in breadth,

and occupying a total length of 4,600 feet. It is believed " that

the object of this particular working was to extract the flints which
were used in great quantity in the construction of the ancient

buildings and walls of Norwich ; for upon reopening the original

entrance, which had been blocked up with ruins, the date 1571
with the name of one of the workmen was found written on the

side of the Cavern, a year which was stated by Mr. Featherston-

haugh to correspond with a period when the walls of the city ar^
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known to have been repaired with flints and various buildings
formed of them." *

Lime and Cement.

Lime.—In the eastern and southern parts of England chalk
has been very largely used for burning into lime. All portions of

the chalk have been quarried and employed for this purpose, but
there is a great difference in the qualities of the limes made from
different kinds of chalk. The soft pure chalks such as make up
the greater part of the Middle and Upper Chalk make what is called

a " light " lime, or " common chalk lime "
; while the Chalk Eock,

the Melbourn Eock, and most part of the Lower Chalk make much
stronger limes, that made from some parts of the Lower Chalk
being equal to the best " stone limes."

A cubic foot of pure chalk, such as is obtained at Chatham
and Stroud, weighs when perfectly dry about 90 lbs., but when it

is broken into small pieces for burning, a cubic foot measure will

only contain about 63 lbs. of the same chalk. This 63 lbs. of dry
chalk will make about 35 lbs. of quicklime.f The dry quicklime

thus produced by^ burning chalk in a kiln will slake if a certain

quantity of water be added to it, that is, it will become very hot and
fall to pieces, forming a fine white powder. If required for mortar
this powder is mixed with sand and an additional quantity of

water.

The lime made from pure white chalk, however, does not form
a good lasting mortar, and the mortar sg made is only suitable for

inside work and not for foundations or outside walls. It is the

Lower Chalk which has yielded the best and strongest limes, and
many large quarries have been opened along the foot of the North
Downs for the establishment of limekilns, as in the Medway Valley,

at Mei-stham, Betchworth, and Dorking. The lime from these

places slakes more slowly than that made from purer chalks, and
makes a stronger mortar, wh'ch sats harder and resists damp much
bettor.

Cement.— Oi late years a large industry has been established

in the making of Portland Cement from chalk-marl in the district

between Hitchin and Cambridge.

To explain the rapid development of this industry some re-

marks on the composition and manufacture of Portland Cement
are necessary. This information has been obtained chiefly from

the anonymous work on " Building Construction," Part III.

Materials, published by Messrs. Eivington and Co.

Portland Cement "is so called from a fancied resemblance in

its colour to Portland Stone." It is made either from natural

* Proc. Geol. Soc, Vol. i. p. 35 ; and Geology of Norwich, Mem. Geo).

Survey, by H. B. Woodward, F.JR.S., p. 29 (1881).

+ Observations on Liuies, CcoienTS, etc, by Major-General Pasley,

p. 4 (1847).
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stones or marls which contain the required mixture of ingredients,

or from an artificial admixture of these ingredients. These in-

gredients are from 60 to 80 per cent, of carbonate of lime with

20 to 40 per cent, of clay.

Natural Portland Cement was until recently made from the

burning of the large " cement stones " or calcareous concretions

which are found in so many Jurassic clays, such as the Lias, the

Oxford. clay, and the Kimeridge clay. Most of those found in

England contain a large proportion of clay (30 or 32 per cent.), are

burnt at a low temperature, and yield a quick-setting cement of no
great ultimate strength. Stones containing a lower proportion of

clay (about 22 per cent.) occur in the Kimeridge clay of Boulogne,

and in the Lias near Rugby ; these are strongly burnt and yield

a heavy, slow-setting cement of much greater value.

Artificial Portland Cement is made in two ways. That hitherto

best laiown is manufactured on the banks of the Thames and
Medway from a mixture of pure TTpper Chalk and Alluvial Clay,

three volumes of chalk being mixed with one volume of clay, the

mixture containing about 76 or 77 per cent, of carbonate of lime

and from 23 to 26 per cent, of argillaceous matter. The ingre-

dients are mixed together with water in a wash-mill, and are run

off into tanks as " slurry."

In other parts of the country cement is made from hard lime-

stone and burnt shale or clay, the limestone being crushed and

mixed in proper proportion with the burnt clay ; the two are then

ground to a fine powder, which is made into bricks and burnt,

and then ground again into powder.

Some portions of the Chalk Marl in Hertfordshire and Cam-
bridgeshire contain just about the requisite amounts of clay and

calcium carbonate to make a good cement, and when cement

works were first established the marl was used without any admix-

ture. It was found, however, that the quality of the cement so

made was very variable, and that this was due to the great varia-

bility of the composition of the marl, some layers or portions con-

taining much less lime than others. Consequently, it has been

necessary to have analyses made of different parts of the Chalk

Marl, and to supply anyfdefioiency of lime by adding a due pro-

portion of some purer kind of chalk. Hence most of the cements

now turned out would come under the head of Artificial Cement.

Between Hitohin and Cambridge there are now no fewer than

seven cement works, these being at Arlesey, Meldreth, Shepreth

(two), Barrington, Hauxton, and Cambridge.

Chalk Marl cement was first manufactured at the Arlesey

Brickworks, now the Arlesey Brick and Cement Works, near

Hitohin, and I am indebted to the manager of this company,

Mr. Noel Shilleto, for an account gf ^he materials used and the

process employed at these works.
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The marl is obtained from the quarry in which the Totternhoe
Stone is exposed, and is consequently the highest part of the Chalk
Marl. From the description given in Vol. II. p. 188 it will be seen
that two kinds of marl are found here, an upper grey marl
and a lower blue marl ; these differ considerably in their com-
position, as appears from the following analyses which Mr.
Shilleto has kindly supplied :—

Insoluble siliceous matter
Carbonate of lime

Alumina
Oxide of iron

Organic matter, etc.

Lower
Marl.

•2S-65
57-93
7-68
2-07
3-67

100-00

Upper
Marl.

20-08
73-94
3-90
1-58

99-50

Mr. Shilleto states that the composition of the lower marl is

variable, and that an analysis of the upper part of it gave 66
" 5

per cent, of carbonate of lime. The analysis above given was

that of a sample from the lowest part.

More complete and accurate analyses by Mr. R. A. Berry have

been given in Vol. II. p. 335.

At the present time (1894) cement is being made from the

upper (grey) marl just below the Totternhoe Stone, but the lower

(blue) marl is equally good for the purpose, requiring only a larger

admixture of pure chalk.

The marl is mixed with Upper Chalk obtained from Kneb-

worth, south of Stevenage, only a small amount being required

in the case of the upper marl ; the mixture is made into a slurry

with water, dried artificially, and then burnt.

All the Cambridgeshire Cement "Works get their marl from

the lowest part of the Chalk Marl, some of them working to within

10 or 15 feet of the " coprolite bed " at the base. It is a curious

circumstance that this lower Chalk Marl is more calcareous than

the blue marl of Arlesey, containing on an average about 70 per

cent, of calcium carbonate. It is probable that a similarly cal-

careous greyish-marl occurs below the blue marl at Arlesey, but

it has not yet been sought for.

I am indebted to Mr. G. P. Gildea, of Shepreth, for some par-

ticulars of the manufacture of cement from the marl at the Ehee

Valley Cement Works at that place. The works are about 300

yards JST.N.W. of Shepreth Station, and the marl is from depths

of from 6 to 36 feet from the surface. The marl is by no means

homogeneous, and samples from different depths always yield

dififerent amounts of calcium carbonate. Mr. Gildea had analyses
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made from samples taken at every five feet, with the following

results, 6 feet of soil and subsoil being first removed :—
Depth in feet from surface Percentage of

of exposed marl. CaCos.
1 69-88
5 69-45
10 68 -6u
15 68-16
21 76-31
25 75-45
30 - 72-40

This lowest sample is about 10 feet above the " coprolite bed."

The amounts of the calcium carbonate were calculated from the

determination of the carbonic acid, and consequently include

any small amount of magnesium carbonate that may exist, but
this is not likely to exceed 1 per cent, in any case. It will be
noticed that the amount of carbonate in the upper 15 feet varies

only betvsreen 68 and 70 per cent., but that between 15 and 20 feet

down the proportion rises to 76 per cent. ; the decrease in the
lowest sample is probably owing to the large amount of quartz-

grains, and not to any increase of clay.

Mr. Gildea was the first to ascertain the existence of these varia-

tions, and to devise a means of securing a constant strength in the

cement made from such variable material. His plan is to dig

marl down to a certain depth, and in such quantity as to yield

a mixture containing about 71 per cent, of carbonates ; this is

mixed with a due proporiion of a soft greyish chalk, obtained

from a quarry south-east of Foxton, and containing about 91 per

cent, of calcium carbonate. The mixture is then ground to a fine

powder, so as to ensure its being of a homogeneous texture, this

is mixed with water in a wash-mill, whence it runs ofi' as " slurry,"

and finally dried and burnt in the usual way.

The following more complete analyses of Chalk Marls made by
Mr. Henry Bassett have also been communicated by Mr. Gildea,

the first being from his Shepreth Works, and the second from

Mr. Colchester's Cement Works at Hauxtou, near Cambridge :
—

Shepreth. Hauxtou.

Clay and Silica (insoluble)

Oxide of iron and Alumina -

Lime
Magnesia
Carbonic Acid
Sulphuric Acid
Alkalis and loss

18-10
7-00

41-10
not detd.

30-80
not detd.

97-00

22-20
2-50

41-34
-36

31-40
•12

2-08

100-00

Both of them contain about 70 per cent, of calcium carbonate.
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Chalk as a Land Dressing.

In former days chalk was very largely em])l()yed as a top-dressing
on all soils that were deficient in lime, both on clay lands as well
as on gravelly and sandy soils. There is no doubt that such
soils have benefited very much from its use, and though other
applications are now more in vogue it is still employed with
advantage in many parts of the eastern counties.

Mr. Whitaker has remarked, "in the tracts where there is

much of the superficial deposit known as ' clay with flints,' this

application to the land used to be very general, and though some-
times the chalk was brought from a pit, the usual method was to
sink shafts in the field and work the chalk in short galleries there-
from. I have been told in Berkshire that one dressing serves

for about twenty years."*

A good instance of the value of such treatment came under
my notice in 1885, with reference to the land round Britwell
Prior in Oxfordshire, which, consists of rough flint gravel to some
depth, but underlain by chalk. I was informed that early in

this century all this gravel-land was open heath, covered with
furze, fern, and heather, and that no corn could be grown on it,

till Mr. Bulford adopted the plan of sinking pits through the
gravel to the underlying chalk, getting up a considerable quantity
of the chalk, and strewing it over the land, after the furze had
been biirnt oft' and the land broken up. Experiments proved
that when this had been done good crops, both of wheat and
barley, could be grown, and gradually all the heath-land has
been brought under cultivation.

In Hertfordshire and Bedfordshire it was formerly a regular

practice to chalk the clayey and gravelly soils, which are so pre-

valent in those counties on the chalk area, and there are a few
places where shafts leading down into bell-shaped pits are still

opened for this purpose. A century ago they were more numerous,
and have been well described by Mr. Walker in his Eeport on the

Agriculture of Hertfordshire.f from which the following is

quoted :—
" The undermentioned method is pursued in chalking land,

and the persons employed therein pursue it as a trade. A spot

is fixed upon nearly centrical to about six acres of land to be chalked.

Here a pit about 4 feet diameter is sunk to the chalk, if found
within 20 feet of the surface ; if not the sinkers, considering that

they are on an earth-pillar, fill up the pit and sink in fresh places

till their labour is attended with better success."

After describing the method by which the earth and chalk are

prevented from falling in, and the simple windlass and bucket

* Geology of London, Mem. Geol. Survey, p. 502 (1889).

+ Written ia, 1 1795 ; reprinted by the Board of Trade in 1804.
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by whicH the clialk from below is sent up, he continues—
" The pit is sunk from 20 to 30 feet deep, and then chambered

at the bottom, that is, the pitman digs or cuts out the chalk hori-

zontally in three separate directions, the horizontal apertures

being of a sufficient height and width to admit of the pitman
working in them with ease and safety. . . .

"One pit will chalk six acres, laying sixty loads on an acre.

If more be laid on, and to the full extent of chalking, viz., 100

loads, then a proportionate less extent of land than six acres is

chalked from one pit. Eighteen barrowfuls make a load, and
the usual price for chalking is 7d. per load, all expenses included,

therefore the expense of chalking at sixty loads per acre is £1 15s.,

and at 100 loads, £2 18s. 4d.
" As the chalk is considered to be better the deeper it lies, the

top chalk, particularly if it lies within 3 or 4 feet of the surface,

is very indifferent, and only fit for lime or to be laid on the roads,

gateways, etc., the chalkers must be directed to lay by the chalk

for the first 3 or 4 feet in depth, to be applied to the above pur-

poses. If not wanted for those uses, it is again thrown into the pit."

Finally, Mr.Walker points out the advantages which this system

of mining the chalk and harrowing it from the shaft mouth on to

the land has over the system of open quarrying, which necessitates

the use of horses and carts, and in many cases of carting the material

for long distances. He says :
" Those who have been accustomed

to the marle-carts of Norfolk and Suffolk know what severe work
to the teams that business always proves, and what a most heavy
expense attends it. Horses of great value are often lamed or de-

stroyed, and the purchase of carts and harness with the wear and
tear of both form very heavy articles. The Hertfordshire custom
is therefore much to be preferred."

Treatises on the agriculture of Sussex and Kent, written about

the same time, bear witness to the same method of obtaining chalk

for laying on the land as prevailing in the parts of those counties

which are underlain by that formation. *

In Essex also numerous subterranean excavations of a similar

shape have been found ; they are known as " Dene Holes," and
have been the subject of much speculation as to their date of origin

and their purpose ; some of them may be places of concealment,

but it seems probable that others may be pits whence chalk was
obtained for the use above indicated.f

..
* See especially " Notes on Agriculture," Chap, xviii. '(IVOS), by Mr.

John Bannister of Horton Kirby, Kent.

t See Report on the Denehole Exploration at Hangman's Wood, Grays,
by T. V. Holmes and W. Cole, Essex, Naturalist, December, 1887. " Ancient
and Modern Dene Holes," by Charles Dawson, Geol. Mag., Dec. 4,
Vol. iv. p. 293 ; and " On Deneholes and Bell Pits," by T. V. Holmes ibid

p. 447.
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Whitening ok Whiting,

The manufacture of whitening is an industry which depends

mainly on the existence of chalk for its raw material, and it is requi-

site that the chalk should be as pure and soft and as free from
flints as possible. The portions of the chalk formation which are

most suitable for the manufacture of whitening are the zone

of Terebratulvna in the Middle Chalk, and the zones of

Marsupites and of Actvnocamax quadratus in the Upper Chalk,

but other parts of the Upper Chalk have been used in some places.

Whitening is made from the Middle Chalk in Bedfordshire (near

Dunstable and Luton), in West Norfolk (Hilborough), in Oxford-

shire (near Ewelme), and in Lincolnshire (near Louth).

It is made from the Upper Chalk at Whitchurch and Odiham
in Hampshire, at Kintbury in Berkshire, and near Norwich.

The usual method of preparing the material is to break up the

chalk that is quarried, and to pick out any flints that may be

present ; the lumps are then thrown into a harrow-mill and further

broken up in water, the finer part being run oflt with the water

into tanks where it gradually consolidates into " slurry," while the

coarser part, consisting chiefly of shell fragments and Foraminifera,

remains in the mill and is thrown away. When the slurry has

become sufficiently thick it is dug out and made into whitening,

this being dried in lumps under sheds open to the air.

Kintbury in Berkshire (between Newbury and Hungerford)

was formerly quite a seat of this manufacture. Mr. Bristow,

writing in 1862,* says :
" Chalk is made into whiting at Kintbur}'^,

and sent by canal thence in considerable quantities, both in its

raw and manufactured state, to Bristol, where it is consigned to

the oil and colourmen At Kintbury there are

five manufacturers of whiting, one of whom makes about 600 tons

per annum, the others about 300 tons each, making a total of about

1,800 tons. Formerly it used to fetch 30s. per ton, but now it only

sells for 8s."

From recent inquiries (June 1899), I have ascertained that there

is still one whiting manufactory at Kintbury, belonging to Mr.

F. J. Tuttle, who informs me that he makes about 300 tons of

the material in the year, which is sold at a low price to people in

the neighbouring district, but is no longer exported to Bristol.

Materials fob Boad-metal.

""wo materials obtained from the Chalk have been largely em-

ployed for metalling roads ; these are flints and Chalk Eock.

Flints form a good material for roads so far as wear is concerned,

and provided the roadway is kept moist ; but in summer time, after

* On the Geology of Parts of Berkshire and Hampshire, p. 17 (1862),

Mem. Geol. Survey.
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a spell of dry weather flint-made roads break up into sharp sand

and loose sharp stones which are detrimental in various ways,

but especially so to rubber-tyred wheels. Flints.taken fresh from
Chalk-pits are brittle, and much less suitable than flints which
have been long exposed on the surface of the fields, or dug from

deposits of flint gravel. As such flints are plentiful over large areas

of the Chalk country, either as surface accumulations or as " clay

with flints," they have been largely used.

Chalk Rock is of much more local occurrence and has therefore

been less widely used. Occvu-ring at the base of the Upper Chalk,

and being a hard compact limestone which does not break up,

like most kinds of chalk, by exposure to frost, it makes a fair road-

way, and it has the advantage of keeping firm and unbroken in

dry weather.

Chalk Rock has been quarried for this purpose all along the

course of the Chalk escarpment, from the north of Dorset, through

Wiltshire, Berkshire, Oxfordshire, Buckinghamshire, Bedford-

shire, and Hertfordshire ; and also in some of the valleys to the

east of the main escarpment.

It is hardly strong enough by itself to stand heavy traffic in

winter, and it is said that a mixture of Chalk Eock and flints has

proved better in some situations than either of them used alone

;

but the proportion of rock must be larger than that of flints, and

the latter must be broken up into smaller pieces than the limestone,

otherwise the flints project and make an uneven surface.

Phosphatic Nodtjles.

1. Phosphates from the Chloritic Marl and from the base of

the Chalk.

Phosphatic nodules are very common at this horizon, but vary

very much in quantity, colour, and chemical composition in dif-

ferent places ; the black or dark brown nodules being generally

the richest in phosphate of lime.

They have been dug for commercial purposes at Farnham in

Surrey, at Bentley and Froyle in Hants, near Blackgang in the

Isle of Wight, and from the bed known as the Cambridge Green-

sand all along its outcrop from Barton in Bedfordshire to Soham in

Cambridgeshire, a distance of about 40 miles. The nodules of the

Cambridge Greensand have been derived from the Gault and have
therefore been described in the first volume of this memoir. Those
of the Chloritic Marl, and at the base of the Chalk in the South of

England, are more nearly of the same age as the bed in which they
occur.



ECONOMIC PRODUCTS OF THE CHALK. 395

The phosphate beds in Surrey and Hants were discovered and
described by Messrs. Paine and Way,* from whose account the

following notes and analyses are taken. The characters of the bed

itself have been briefly described in Vol. II. p. 58, but the following

analyses show that the green marl (apart from the nodules) contains

a certain proportion of phosphatic matter disseminated throughout

its substance.
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The analyses are given below and numbered 1, 2, 3, in the order
above mentioned.
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analyses of the nodules which had been made by Mr. J. C. Nesbit.

The following are selected from these analyses :—
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2. Phosphatic nodules at higher horizons in the Lower Chalk.

Tliere are at least four otlier horizons in the Lower Chalk at

which nodules containing more or less phosphate of lime are

found : these are :—

1. Near the base of the chalk in West Norfolk at the bottom

of the bed which is known as the " Inoceramus Bed "

(see Vol. II. p. 209).

2. Ten feet above the Chloritio Marl at Compton Bay, Isle of

Wight.

3. From 30 to 40 feet above the base of the Chalk Marl in South

Dorset.

4. At the base of the Totternhoe Stone throughout its course

from Oxfordshire to Hunstanton, in Norfolk.

5. In the bed known as the " Rag Bed " in the counties of

Bucks, Beds, and Herts (see Vol. II. p. 181).

No analysis has yet been made of the nodules that occur in the
" Inoceramus Bed," but samples from the other two horizons

have recently been tested for phosphoric acid by Dr. W. Pollard,

Chemist to the Geological Survey, with the following results

:

A being a nodule from the Totternhoe Stone of Arlesey, near

Hitchin, and B being one from the " Rag Bed " at Butler's Cross

(Chalkshire), near Wendover.
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Saud aad clay - - - 8 '40
Soluble silica - - - - - 1*14
Oxide of iron - - - - - 1'96

Phosphate of lime - - 19 "91

Stdphate of lime - - - - '91

Carbonate of lime - - - - - - 65 "62

Carbonate of magnesia - - - "89

98-83

3. Phosphatic nodules m ike Middle Chalk.

The small nodules or lumps of hard chalk which occur in the

Melbourn Rock are probably very slightly phosphatic, but I

found a few green-coated nodules in this rock near Maiden
Newton, in Dorset, and one of these was sent to Dr. Pollard to

be tested for phosphoric acid. It was treated in the same manner
as the others above mentioned, and gave the following result :

—

Loss at 105'= - - - -4

Ignited insoluble residue 1'5

Phosphoric anhydride - - 6 "8

This amount of phosphoric acid is equivalent to 14' 83 per cent,

of tricalcio phosphate.

Nodules from the bed at the top of the Terebratulina zone in the

Isle of Wight (see Vol. II. p. 408) were analysed by M. Duvillier for

Professor JbJarrois, the analysis being as follows*:—

Clay and insoluble matter - 2 '43

Soluble silica - - -72

Oxide of iron - 89
Phosphate of lime - - - - - 4*48
Carbonate of lime - - - - 91*25

99-77

It will be noticed that the amount of phosphate of lime in these

nodules is very small, and that they are practically nothing but

indurated chalk.

4. Phosphates in the Upper Chalk.

These occur at several horizons, but are most widely distributed

in the Holaster planus zone, and especially in the beds known as

Chalk Rock. A sample taken from a large green-coated nodule,

coinpact and yellowish inside, from the Chalk Rock of Henley,

Oxon., was tested by Dr. Pollard, with the following result, the

treatment being the same as in the previous cases :
—

Loss at 1050 -
_

- - - 4-3

Ignited insoluble residue - - - - - 3-7

Phosphoric anhydride - - - - - 5-0

* Pescription Geologique de Iev Craie de I'lle de Wight, Lille, p. 19 (1873).
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The 5 per cent, of phosphoric acid is equivalent to about 11 per

cent, of phosphate of hme.
The phosphatic chalk found in the zone of Holaster planus at

Southerham, Lewes, has been mentioned on p. 307, and the follow-

ing detailed description of the rock is taken from Mr. Strahan's

account.* "It consists of a white chalky matrix, in which are

embedded a multitude of brown grains. In weathered specimens

these grains can be washed out with water, but the separation can

be better effected by dilute acetic acid, which removes almost all

the matrix, but scarcely corrodes the brown grains. . . . The
brown grains consist largely of phosphate of lime . . . and
resemble those of the Taplow chalk " (see below). Mr. Strahan
found that microscopical examination showed a close resemblance

between the phosphatic chalks from Southerham and Taplow. He
says, " in the former the oval pellets, which were determined as

the coprolites of small fishes, are rather more abundant and larger,

but proportionate in size to the numerous teeth which occur. The
prisms of Inoceramus shell are rather less common, but internal

casts of foraminifera form a large proportion of the residues, and
small, amber-coloured chips of bone occur equally in both. . .

Further details of either chemical or microscopical examination

of the rock would be a mere repetition of the account of the Taplow
Ohalk."

The phosphatic chalk at Taplow had been previously described

by Mr. Strahan.f Its stratigraphical position has already been
discussed (see p. 219), and part of Mr. Strahan's description was
then quoted. A complete analysis of the brown Taplow chalk

was made by Mr. Hort Player, and was given side by side with an
analysis of the similar phosphatic chalk of Qiply, in Belgium

;

these are quoted below :
—
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From subsequent tests Mr. Player determined that samples taken
from the upper and lower brown beds contained respective]}'

18"6 per cent, and 35"6 per cent, of phosphate of lime. The brown
colour of the rock was attributed by him to the presence of a sub-

stance which he believed to be humic acid, and his identification

was confirmed by analyses made by Dr. Tingle, under the direction

of Professor Japp.

Mr. Strahan remarks that a rich specimen of the Taplow rock

contains about 65 per cent, of the brown grains, and the propor-

tion of phosphate of lime in the brown grains is about 50'6 per cent.

These brown grains, when isolated as a residue by washing and
examined under the microscope, are seen to consist of the following

particles, stated in order of abundance :— (1) Foraminifera, wholly

or partly filled with a brown material ; (2) broken prisms of Ino-

ceramws-shell, infiltrated with phosphate of lime ; (3) angular

fragments of amber-coloured material, which proved to be chips of

filsh bones ; (4) little oval pellets, which were identified as the

excrement of small fish.

For further particulars regarding this interesting deposit the

reader is referred to Mr. Strahan's description,- and some of his

remarks on the origin of such deposits are quoted on p. 373.

6821 ^ c
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CHAPTER XXVI.

THE PHYSICAL FEATURES OF CHALK DISTRICTS.

Since the Chalk of England and France is a unique formation,

lithologically different from all the other great calcareous forma-
tions of Western Europe, it is not surprising that its surface features

should also present special and peculiar characteristics. The
physical features to which it gives rise under the moulding
influence of rain and frost, the bold slopes of the chalk escarp-

ments, the rolling undulations of the Chalk Downs or Uplands,
and the softly-curving contours of the deep combes and valleys

which lie between the hills—all these are features familiar to most
Englishmen, and form a peculiar type of scenery which cannot be
matched in other parts of the coimtry.

Each of these special sets of features, escarpments, uplands,

and valleys merit description and illustration, with some account

of the manner in which they have been developed.

Chalk Escarpments.

In this as in other memoirs of the Geological Survey the term
escarpment is used m the restricted sense, and is applied only to the

terminal or boundary ridge of a formation, or of any definite set

of beds, that is to say, it means the ridge and slope along which
such a set of beds is finally cut off, and beyond which they do not

extend, except in the form of isolated patches or " outliers."* It

is also taken for granted that chalk escarpments are what may be

termed " hills of recession "
; that their frontal slopes have not

always occupied their present position, but have gradually receded

to it from a much more advanced position. Thus it is assumed
that the two great escarpments of the North and South Downs
were initiated at a time when the lower parts of the Chalk were
continued upward from each side toward the central axis of the

Wealden area, and were truncated by a plain of marine erosion.

The slopes of chalk escarpments do not everywhere exhibit

precisely the same features; the frontal slope is sometimes a

continuous sweeping curve, at another place it is nearly a
straight inclined line, and where the beds differ greatly in

hardness there are sometimes two or even three escarpments one
behind the other. Other differences of slope and absolute height

* See Mr. W. Whitaker, " On Subaerial Denudation," Geol. Mag., Vol. iv.

p. 447, and " Geology of London,"Vol. i. p. 488, Mem. Geol. Survey (1889).
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depend upon the inclination of the strata, which are in some places

nearly horizontal and in others are inclined at angles of varying
amount up to 40° or 45°.

The North Dovms.— In. the south-east of England the escarp-

ments of the North and South Downs are conspicuous and well-

known features. The North Downs may be described as really

consisting of two hiU ranges, starting from the valley of the Med-
way ; the one runs in a S.E. direction to Folkestone, where it is

cut off by the sea, the other trends about W.S.W. through West
Kent and Surrey as far as Dorking, and then due west to Parnham,
where it becomes lost in the imdulations of the Hampshire Uplands.

The North Downs form a nearly continuous ridge except where
they are breached by the valleys of the larger rivers which rise

within the area of the Weald. Viewed from the front their sum-
mit ridge presents a nearly even and uniform line, and is rarely

broken by any depressions or " passes "
; there are in fact only

three such notches along its whole length, one at Lyminge, in

Kent, one at Merstham, and one at the west end of the Hogs-
back, near Farnham.

The frontal slope of the North Downs, viewed from any point

on the slope, is generally a gracefully curving line, steepest near

the top, where the inclination is frequently about 20*.

The actual course or run of the escarpment is seldom straight.

Throughout Kent and the eastern part of Surrey it follows a

decidedly sinuous line, projecting into promontories and retiring

into " embajrments," so that in looking along the face of the escarp-

ment the observer does not see a continuous hill-slope, but a series

of convex projections between which lie the hidden intervening

embayments.

From Dorking to Farnham, however, the course of the escarp-

ment is very nearly straight, especially west of Guildford, where

the ridge is known as the Hogsback, and is a straight round-

backed ridge with an even slope to the south, without any promon-
tories or embajTnents. This difference is probably due to the differ-

ent geologic structure of this portion of the range, for in the eastern

area the dip of the beds is generally slight, and the vertical height

of the escarpment is great, so that the slope is longer, while along

the Hogsback the dip varies from 30° to 40°, and sometimes more.

The highest part of the North Downs is the central portion,

between Gatton, near Eeigate, and the valley of the Darent, the

summit ridge along this tract rising in many places to 800 feet.

On the eastern range the highest point is near Deptling (657 feet),

and thence to the sea the heights become gradually less. ' The
Hogsback is much lower than the more irregular part of the range,

only rising to 500 feet at its eastern end and falling thence to

between 300 and 400.

6821 c C 2
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Along the greater part of the North Downs the escarpment

ridge is the dominating feature, and from it the ground falls gradu-

ally northward till it meets the smaller escarpment of the Eocene

Beds. But in the district west of the Medway there is for a short

distance a second escarpment, parallel to and behind the main

ridge, which has been described as follows by Professor T. McK.
Hughes.* "There is a curious feature in the Chalk district

south of Chatham. The coimtry slopes northward from the

escarpment with the usual characteristics, . . . but there is a

second escarpment running S.E. from Chatham, parallel to the

true escarpment, for about 3J miles. On the northern side of this

we find the hard beds described (previously, see p. 163), and to

these the feature is probably due. Prom this second escarpment

there is a slope to within about three-quarters of a mile of the

alluvium, where the Thanet beds come on."

The South Downs.—Oi these Mr. Topley wrote as foUowsf:—
" The chalk escarpment has a far more uneven outline throughout

Sussex than it has on the north through Kent and Surrey. . . .

Very rarely do we find the crest of the Southern Chalk escarpment

forming a flat surface, but it has a waved, undulating outline. The

hollows are not always deep, but sufficiently so to make walking

along the edge of the escarpment a tiring though pleasant task.

Generally, the edge of the escarpment is quite bare of any super-

ficial covering ; but if, as is the case in Kent and Surrey, there were

a covering of clay with flints, a drift map showing this would

give a succession of small outliers, whereas, on the north of the

Weald this clay with flints often caps the escarpment uninterrupt-

edly for several miles."

The depressions mentioned by Mr. Topley always lead into

combes on the southern side of the ridge, and he suggested that the

South Down escarpment was in a later stage of development than

the northern escarpment, that it had retreated more rapidly since

the valleys had been commenced, and by this recession had broken

into the heads of these valleys. This may be so, but I think there

are other circumstances which should be taken into account.

The South Downs are on the whole nearer to the sea than the

North Downs ; consequently the Chalk valleys have shorter

courses with a proportionally, greater slope, conditions which would

probably cause a more rapid rate of erosion. Again there is a

considerable difference in the amount of rainfall ; in western

Sussex the average annual rainfall along the higher parts of the

Downs is stated to be 36 inches.J The average amount falling

on the North Downs is not so much as this—it is said to be about

27 at Aldershot, and a little less than that at Croydon.

* Mem. Geoh Survey, Vol. iv. p. 360 (1872).

t "Geology of the Weald, p. 265, Mem. Geol. Survey (1875).

X See H. E. Mill on the authority of Mr. Symons in " Geographical
Journal," Vol. xv. p. 226.
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Considering these facts, it seems to me that the process of valley
making may have been rather more rapid in Sussex than in Surrey,
and consequently the heads of the combes which furrow the
southern slope of the escarpment ridge may have been eaten back
so as to notch this ridge. Of course, both processes, the recession
of the escarpment itself and the excavation of the valleys on its

southern versant, must have gone on at the same time, and it is

quite possible that both processes have been rather more rapid
in Sussex than in Surrey or Kent.
One of the most notable passes through the ridge of the South

Downs is that south of Cocking, through which both road and
railwaj"- has been carried from Midhurst to Chichester. Although
the escarpment ridge on each side of this truncated valley rises

to over YOO feet, the watershed in the pass itself is only about
350 feet above the sea. Fig, 69 is a section across this valley

from west to east, and shows what a deep notch it makes in the
continuity of the escarpment.

vu

Co(!3dng Down llforahot Down
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Fig. 69.—Section across the Pass at Cocking.

Based on that given by Mr. H. R. Mill, " Geographical Journal,"
Vol. XV., p. 221.

The highest parts of the South Downs are in two separate dis-

tricts, (1) the portion between Buriton and Bignor, where the

sununit ridge is frequently 750 and sometimes 800 feet above
O.D., (2) the range of hills between Clayton and Lewes, which
rises in Ditching Beacon to 813 feet.

The course of the South Down escarpment is still more irregular

than that of the North Downs, for though its general trend is

persistently from west-north-west to east-south-east, yet its con-

tinuity is interrupted not only by the great gaps of the rivers

Arun, Adur, and Ouse, but also by three remarkable embay-
ments which are due to its intersection by a nearly parallel hne

or lines of flexure. The first of these is near Bignor, and is due

to the influence of an anticline running nearly east and west

along the Dean Valley. The next is due to the Greenhurst anti-

cline, which enters the chalk near Poynings, deflecting it to the

north for about three miles and producing what may be called

the Poynings embayment. The third occurs where the con-

tinuation of this flexure passes out of the chalk area, south of

Lewes, and this may be called the Beddingham embayment.

These anticlines give rise to a second and subsidiary escarpment,

p,nd that portion of the escarpment-ridge which crosses the valleys
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of the Arun and the Adur is really a part of this more southern

subsidiary scarp, the main escarpment which once ran from near

Pulborough to Henfield having been completely breached and

destroyed.
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TJie Vale of Wardoii/r.—The difference which the angle of dip

makes in the height and form of a chalk escarpment is well illus-

trated in the Vale ofWardour (seeVol. II. p. 146). On the south side

of the Vale the inclination of the beds is slight, and there is con-

sequently a bold escarpment, consisting mainly of the Lower and
Middle Chalk, and rising in most parts to more than 200 feet

above the plain at its foot. On the northern side of ^he V^ile the
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dip is much greater, varying from 10 degrees to 35 degrees, and
there is a fault which in some places cuts out part of the Lower
Chalk, but even where the Lower and Middle Chalk crop out in

complete sequence they do not form an escarpment like that on
the other side. On the contrary, their outcrop lies in a narrow
valley or trough between the escarpment of the Upper Greensand,
and a plain or gentle slope of Upper Chalk.

Fig. 70 is a section across a part of the district which is not
dislocated by the fault, and it shows the subsidiary position occupied

by the escarpment of the Chalk which is actually dominated by
the ridge of the Upper Greensand ; this reversal of their usual

relations being entirely due to the high inclination of the beds.

The features of the Vale of Wardour appear to have been sculp-

tured out of a plane of denudation which sloped from east to west.

When this plane first came under the influence of subaerial agencies

the rain which fell on its surface naturally gathered into streams

which ran eastward, and the rivers Wily, Nadder and Ebble are

the descendants of these streams. The formation of the Vale of

Wardour and of its escarpments has been well described by the

Eev. W. R. Andrews,* from whose paper the following extracts

are taken :—

" On the north side of the district we get continuous relics

of the original plain, for the central ridge of the Chalk Downs
is there covered with ' clay-and-flints ' for a distance of many
miles—showing it to be a surface of some age and unlike that

of the bare Chalk hills lying below on either side of it.

"That [original] slope we may see by noticing the gradual

fall in the height of the Downs, when passing from west to east.

Looking at the heights, we find an elevation of 720 feet at the

west end of Great Ridge Wood, while there is only an elevation

of 520 feet at the east end of Grovely Wood, showing a fall of 200

feet in ten miles, or 20 feet per mile.

" On the south side there are relics of old gravel with pieces

of Upper Greensand chert along the top of the Downs, and the

same general fall may be observed as on the northern side of the

Vale. . . . Over this plain the original stream found its way, taking

probably a more serpentine course than it does now." After

describing the formation of the Greensand escarpments, Mr.

Andrews continues :—"The chalk escarpments of the Vale were

started by the erosion of the Nadder as banks when it serpentined

over the intervening Greensand, but when the main stream no

longer touched their base, as it was kept within the channel it

had cut in the Gault, longitudinal streams flowing into the side

streams continued the erosion. The water-level at that time

stood higher in the Chalk hills than it does now, and issuing as

* Wiltshire Arch, aad Nat. Hist. Mag., Vol. xxiv. p. 258, 1891.
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springs flowed right and left, still further cutting away the

base of the Chalk. Before the Broad Chalke Valley was cut down
so deeply, springs would be thrown along the south side of the

Chalk Downs, as they are now on the northern side, and at a much
higher level. These lines of drainage are clear along the north side,

though they are less clear on the south side, being obliterated by
subsequent rain action. While this river-action at the base of the

escarpment was going on, landslips, no doubt, often took place,

and thus the hills retreated to their present position."

Dorsetshire.—This county also presents us with two types

of chalk escarpment, (1) that which runs southward from Mel-

bury, near Shaftesbury, and is continued toward the south-west

as far as the village of Stoke Wake, where it is again deflected

southward to Melcombe Bingham
; (2) the western range of

Chalk hills between Melcombe Bingham and Cheddington, to-

gether with the broken escarpments west of Maiden Newton.

The first of these ranges presents a normal aspect, for though
the front of that part which runs south from Melbury Hill is

much indented by fine combes, yet its summit ridge is continuous

and has a nearly level top sloping very gradually from north to

south, and bearing on its surface a gravelly soil of greater or less

depth. Its other portion west of the gap through which the

Stour runs is less broken by combes and presents a very bold

and steep face with a continuous summit ridge capped through-

out by " clay-with-flints." It is evident that these ridges are

parts of an ancient plane of erosion or denudation.

West of Melcombe Bingham, however, the features of the escarp-

ment are very different, for it is by no means continuous, but

is broken by a number of gaps or passes which form the heads

of valleys opening southward and occupied by streams flowing

in that direction. In some of these gaps the chalk is completely

cut through and the Greensand exposed not only on the water-

shed but for some distance down the valley ; this is notably the

case in the valley of the Cerne. The brook which is regarded

as the head water of the Frome has cut its channel through the

Greensand for a distance of more than four miles, from Evershot

to Maiden Newton and the Toller brook which joins it at that

place from the west has cut down to the same horizon, so that

the tract of chalk which extends to the north-west by Beaminster

to Cheddington is completely isolated from the rest of the Chalk
country and beyond it are a few small outliers which mark the

former extension of the Chalk escarpment into Somerset.

If we seek for the cause of this broken-up condition of the western
portion of the Chalk escarpment we soon perceive that the general

course of the principal valleys in this district is from north to south.

It seems tolerably certain that when the courses of these valleys

were first marked out the main watershed of the country lay far
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to the nortK of its present position. * Here, in fact, the explanation

suggested by Topley for the passes in the South Downs is much
more obviously true ; the valley-system was commenced long

before the escarpment had receded to its present position, and
the valley-passes which interrupt its continuity are the truncated

parts of valleys which once extended much farther northward.
We may therefore infer that this portion of the escarpment has

receded much more rapidly than the more easterly portion. An
examination of its frontal slope confirms this idea, for it is cum-
bered in many places with landslips, and some of these are of recent

date, so that we may even say that the recession of the scarp is

jstill in progress.

Moreover the very same cause above indicated as responsible

for the broken state of the western part of the Chalk escarpment
will also account for the unbroken condition of the eastern part

between Melbury and Stourpaine, for this range must have origi-

nated as the bank of a stream flowing southward into the Stour ;

part of this valley indeed still remains north of Stourpaine, and
the Iwerne brook which runs through it may be regarded as

the reduced representative of the longer stream which rose some-

where to the west of Melbury Hill. It is clear that a ridge which
forms one side of a tributary valley and is parallel to the general

run of the drainage system is not likely to be cut back so rapidly

as a ridge which crosses the general line of drainage and is traversed

by many transverse valleys. The small portion of continuous

escarpment west of Okeford has probably been preserved because

it lay originally on the southern side of a valley whose waters

drained eastward into the Stour.

North Wiltshire.—The Chalk-escarpments of the Vale of Pewsey

are of the normal kind and have a general resemblance to those

of the North and South Downs, corresponding even in the fact"

that the northern range has a continuous unbroken summit
ridge, while the southern range is much more irregular with at

least two gaps or passes besides the wide one which gives passage

to the river Avon.

Further north, however, in that part of Wiltshire which lies to

the north of the Kennet Valley there is a peculiar arrangement

of escarpments which deserves attention. In this district there

is an outer escarpment formed of the Upper Greensand and Lower
Chalk, and an inner one consisting chiefly of Middle Chalk capped

by more or less of the Upper Chalk. The ridge of the outer

escarpment attains a height of 700 feet near ClyfTe Pypard, falling

gradually thence, both toward the south and the east, to levels

of about 560 feet. The inner escarpment rises from about 660 feet

to heights of nearly 900 feet on Hackpen Hill and Liddington

Hill.

* See The Origin of the Valleys in the Chalk Downs of North Dorset,

Proc. Dorset Nat. Hist, and Ant. Field Club, Vol. xvi. p. 5.
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The two escarpments are about five miles apart to the east of

Calne, but the distance between them becomes gradually less

to the north-east, till in White Horse Hill they are again united

in one slope. The cause of this wide separation of the outcrops

is not very clear, but the high level to which the base of the Green-

sand rises on the outer slope may have something to do with it,

and we must remember also that the district is part of a great

central watershed, whence streams flow westward to the Gloucester-

shire Avon and eastward into the Thames.

Fig. 71 is a section across these two escarpments along a line

where they are about three miles apart, it shows the long and gentle

easterly slope of the Lower Chalk to the course of theWinterbourn

brook and the gradual rise thence to the scarp of Hackpen Hill,

which forms the border of the Marlborough Downs. The sm-face

of the Lower Chalk forms a broad high-level terrace or plateau

which varies little in general elevation, but the upper escarp-

ment is a ridge of irregular height and its inner slope is carved

out into a series of ridges and combes.

In Berkshire, near Wantage, the Lower Chalk again separates

itself from the higher parts of the formation and forms a low

subsidiary escarpment (see Fig. 72), while the outcrop of the

Melboiorn Eock forms a second terrace between that of the Lower
Chalk and the summit ridge of the escarpment The width

of these two terraces varies much, but they are more or less de-

veloped all along the Berkshire outcrop and into the valley of the

Thames.

TJie Ghiltern Hills.—Id. the Chiltern range, and in its northerly

continuation through the counties of Bedford and Hertford, the

frontal contour of the escarpment varies considerably, but as a rule

the outcrop of the Melbourn Eock forms a conspicuous feature and

leads to the development of a step or terrace between the slope

of the Lower Chalk and that of the Middle and Upper Chalk.

In the more northern part of the range, where the Totternhoe

Stone is well developed and the dip of the beds is very slight this

bed also forms a feature, and there are then three slopes, each form-

ing the border or descent from a step or terrace of greater or

less width.

From the Thames Valley, as far as Bledlow, in Bucks, the escarp-

ment is a continuous ridge, but beyond that its upper level, or

the portion above the outcrop of the Melbourn Eock, is broken

by broad gaps or passes, which are connected with valleys opening

to the south or south-east. These gaps seem to be truncated

parts of valleys which were excavated out of the former extension

of the Chalk plateau, at a time when the line of its escarpment

held a much more advanced position to the north-west. The
depressions formed by these truncated valleys cut up the present

escarpment into separate blocks, the frontal slopes of which stand
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out beyond the recesses in which these high-level valleys now
terminate.

White Cross Hill, west of Kisborough, is one of these projecting

blocks, on the slope of which a large cross has been cut out of the

short turf. " It is also remarkable for the small conical hills at

its northern and southern promontories. To an observer stand-

ing on either of these terminal hills it does not seem difl&cult to

understand the method of their formation. Both slopes of the

promontories are indented by depressions formed by the detritive

action of rain, and leading down into the combes on either side. Two
of these depressions have in each case been so widened and extended

by the rain directed into them that they have met on the summit
of the ridge, and have formed a col or depression across it, so as

to cut off the terminal portion of the promontory. The northern

hill is still capped by a platform of Chalk Rock, and is united to

the main mass by a [narrow] neck of that bed ; the other is

entirely separated, and only a few fragments remain of its former

rock-cap."*

Such semi-detached hills illustrate the manner in which all

outliers have been isolated, and also explain the conical form of

many hills from which the original capping of hard rock has been

removed.
Another fine example of such conical hills occurs near Kimble,

and stands in front of Long Down. " The combe forks at the

base of the hill, and the two branches have already cut their

channels in such a way as to meet again. In time the gradual

dissolving away of the chalk along these channels may make the

hill still more detached, like the one further ofi' on the right."

(Whitaker, op. cit. p. 489.)

Chequers Park, which includes part of the escarpment range

above Great and Little Kimble, is one of the most beautiful

demesnes in England, with its combes and wooded slopes, its

"Velvet Lawn "and " Cymbeline's Mount." In 1889 I wrote

of this as follows :
— " The escarpment is very steep, and is trenched

by some magnificent combes, several of which remain in their

natural state, the slopes being partly covered with short green

turf, partly with thickets of box, and partly with copses of trees,

the whole forming a piece of scenery unsurpassed by that of any

other place along the escarpment." {Of. di. p. 489.) The
floors of the combes form even grassy walks, and it is one of these

that is known as Velvet Lawn. Cymbeline's Mount is a small

conical hill, apparently crowned by a turnulus, so that it is partly

natural and partly artificial.

Hertfordshire, Cambridgeshire, and Suffolk.— 'Nea.r Hitchin the

tract of country occupied by the outcrop of the Lower and Middle

Chalk widens out considerably, and instead of there being one

* Quoted from the " Geology of London," Mem. Geo!. Survey p. 488
(1889;.
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dominant escarpment, with one or two terraces in its descent,

it separates into three definite escarpment-ridges, each with its

steeper frontal slope, and its more gently-inclined backward slopes,

the outer ridge corresponding.with the outcrop of the Totternhoe
Stone, the second one with that of the Melbourn Eock, and the

third with that of the Chalk Eock, this last being almost

always the boldest and the highest. In this way the outcrop of

beds, which in the South of England are often comprised within

a single slope not more than a quarter of a mile broad, is spread

out over a tract of country which is often from five to six miles

in width.

These features continue to present themselves as far as the
neighbourhood of Newmarket, but between that town and Bury
St. Edmunds the upper escarpment gradually declines in height

and ceases to exist. This may be partly owing to the dying out

of the hard Chalk Eock, which seems to disappear simultaneously,

but I think it most probable that this escarpment was originally

continued through the northern part of Suffolk and into Norfolk,

though perhaps its features were always less pronounced than
they were in more southern counties. If this was the case, its

ridge has been completely planed down by the ice of the Glacial

Period, and the whole region has been,covered with a mantle of

Glacial Drift, through which the Chalk now peeps out in irregular

patches.

Lincolnshire and Yorkshvre.—ln Lincolnshire the escarpment

of the Chalk once more becomes a conspicuous feature, but it

differs in some respects from those which have been described

above. Thus the thickness of chalk which crops out below its

summit ridge is small (less than 100 feet), and the greater part

of the frontal slope consists either of Lower Cretaceous beds or

of Jurassic clays, according as the Chalk oversteps the one series

on to the other. Thus the escarpment of the Chalk itself is only

the upper part of the slope which forms the descent from the

Wolds. Again, there is seldom any second slope or rise from
the outcrop of the Lower Chalk to that of the Chalk with flints,

and as a rule the escarpment-ridge is the dominant feature, forming

a continuous watershed, and separating the valleys of the Wolds
from those of the country to the westward.

There are, however, two breaks in the continuity of the escarp-

ment, one near the southern end, where the valley of the Calceby

beck cuts completely through the Wolds, running from west to

east ; the other north of Donnington, where it is deeply indented

by the head waters of streams which unite to form the river Bain.

Beyond this point, and all through North Lincolnshire, there is a

continuous escarpment-ridge, except that at Melton Eoss there

is a well-marked depression or pass, which appears to be a truncated

valley. Everywhere the frontal edge of the escarpment is a more
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or leas sinuous line, with frequent combes and recesses, wliieli

have been eaten out by, the action of rain and springs.
In Yorkshire there is once more a change, for along the western

border of the Yorkshire Wolds the Chalk can hardly be said to
form an escarpment. There is no regular slope rising steeply
from the Jurassic plain into a continuous dominant ridge ; on
the contrary, in the southern part of the area and as far north
as Huggate, the watershed is an irregular line running through
the Wolds at some distance from their western border, and -the

western versant is furrowed by deep valleys, which drain into
the river Derwent. Consequently, when viewed from the west
the Wolds have the appearance of an undulating range of hills,

and a transverse section generally shows first a slope formed
by the Lower Chalk, and further east a longer one formed by
the Chalk with flints (see Fig. 67).

It is only along the northern border from Knapton eastward
that there is a continuous escarpment-ridge, and even this is

interrupted by the Hunmanby fault, which carries the Chalk
on one side below the alluvium of the Vale of Pickering. The
ridge, however, is continued eastward from Hunmanby till it

is cut off in Speeton cliffs.

Chalk Uplands.

Behind every Chalk escarpment there is a tract of greater or

less width, which may be called an " upland," inasmuch as it

consists of high round-backed ridges of chalk, branching out from
the summit of the main escarpment; each such ridge dividing

into shorter ridges, divided from each other by deep combes or

valleys.

These Chalk uplands, when bare of surface deposits, form open
" downs," covered with short turf but without trees, though
on their slopes scattered bushes of box and juniper are sometimes

to be seen, and sometimes a few gnarled old thorn bushes. When,
however, the ridges are capped by a surface deposit of brickearth

or of clay-with-flints, they bear (or formerly bore) extensive woods,

sometimes of small oaks and thorns, but more frequently of fine

beech trees. Of such beech woods good examples are still to be

seen on the Chiltern Hills and on Cranborne Chase, but even

there they have been much reduced during the past century,

large tracts having been enclosed, deforested, and converted into

arable land.

The scenery of such Chalk uplands is probably familiar to most
people who have lived in the south or east of England, and it has
been described by several popular writers, notably by Charles

Kingsley in his "Yeast," and by E.D. Blackmorein "Alice Lorraine."

But besides such uplands as lie behind the ranges of the North
and South Downs, and that of the Chiltern Hills, there are some
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Chalk districts of larger size whioli merit some special description ;

these are the Hampshire Downs, Salisbury Plain, Cranborne
Chase, Marlborough Downs, and the Wolda of Lincolnshire and
Yorkshire.

The Hampshire Dovms.—The chalk region of Hampshire forms,

with Salisbury Plain, the largest tract of chalk-land in the whole
country. It occupies about half the surface area of Hampshire,
occupying all that part of the county which lies to the west
of the Weald. The hills which form its eastern border are often

called the Alton Hills ; they rise above the escarpment of the Lower
Ohalk, and form a very irregular second escarpment, rising in

places to more than 700 feet. To the northward the ground gra-

dually rises into another range of hills, which pass round the

southern border of the Vale of Kingsclere, and the Vale of

Shalbourn, and, two of their summits rise to over 900 feet. In the

south there is also some high ground, between Meon and the valley

of the Itchen, forming a continuation of the South Downs.

These hill-ranges are, however, only the highest parts of a

wide tract of undulating country which may well be called the

Hampshire Uplands, for there are few parts where the chalk

ridges do not rise to 500 feet above the sea. It consists, in fact,

of a succession of broad-rolling downs intersected by a branching

network of valleys. Between Odiham and Bishop's Waltham
it has a width of twenty-three miles from north to south, and
in the north-west of the county its width is about twenty-one

miles. A fine view of the western part of these uplands may be

obtained from any of the hill-tops between Highclere and Inkpen
on the northern border, and the following description of this view

is from the pen of the late Mr. H. W. Bristow :—

"Prom these lofty heights the eye commands, pn a clear day,

a view over a wide extent of beautiful scenery in all directions :

looking towards the south the eye ranges over a broad and un-

dulating, landscape, composed for the most part of brown,

turf-covered, hills, with bold, rounded sides, and deep waterless

valleys ;, both, as a general rule, bare of trees, and either in a state

of nature, or only under ciiltivation here and there. Suph is the

general aspect of the [nearer portion], but stretching away into

the distance is the more gently undulating tract of the tipper

Chalk, whose valleys, well watered by streams and rivers and
adorned with trees, give rise to scenery of a [different] kind."

The population of the district is scanty, and such towns and
villages as exist are ranged along the com-ses of the streams. The
presence of these streams is due to the high general elevation of

the region d.nd the consequent high level to which the subter-

ranean plane of saturation (or water-level) rises in the central

parts. The main drainage of the upland is carried off by the
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Rivers Test and Itchen, which flow southward. These watered

valleys are of the type which has been well described by Kingsley :

—

" Of all the species of lovely scenery which England holds, none,

perhaps, is more exquisite than the banks of the chalk rivers

;

the perfect limpidity of the water, the gay and luxuriant vegeta-

tion of the banks and ditches, the masses of noble wood embosom-
ing the villages, the unique beauty of the water-meadows—living

sheets of emerald and silver, tinkling and sparkling, cool under
the fiercest sun, brilliant under the blackest clouds."

Salisbvj-y Plain is the western continuation of the Hampshire
Uplands and the description above given is equally applicable

to this district, which is not truly a plain but a wide expanse of

undulating country ; its rounded ridges rise one beyond another,

hiding the intervening vales, but it is seldom that one overtops

its neighbour, so that those in the distance seem to form parts of

a nearly level plain.

Salisbury Plain is bounded on the north by the Vale of Pewsey

and by the westward continuation of its southern escarpment

to Westbury ; on the south-west it is limited by the valley

of the Wily, and on the south by the Avon valley, near

Salisbury. It is drained by one river (the Avon) and three bournes,

which are only watercourses during the winter months and in

wet seasons ; all of them run from north to south.

The extreme length of the plateau from the eastern border

of Hampshire to the hills above Warminster is about twenty-five

miles, and its width across the centre from Wilton to Wivelsford

Hill is fifteen miles. If Salisbury Plain were reduced to one level

by paring off the ridges to fill up the valleys, its surface would
still probably be about 500 feet above the sea, so that it is truly

an upland region.

The following general description of the chalk lands of Wilt-

shire, applicable both to Salisbury Plain and to Marlborough
Downs, is quoted from the Rev. J. Sowerby's account of its topo-

graphy in the Rev. T. A. Preston's volume on the " Flowering
Plants of Wilts "*:—" The great characteristic of the chalk

plateau is its vast extent of grass-land, where sheep are extensively

pastured. This space is more broken up each year for cultivation,

but often exhibits great tracts of grass with only occasional patches

of furze. . . . The Upper Chalk hills were once, it is pro-

bable, covered with extensive copses, chiefly thorns : remains
of these still occur here and there, and individual trees of great

size, some yet extant, others only traditional, attest the former
existence of a primeval wood. Monotonous as the surface of

the downs may seem to be, the changes that present themselves
are often singularly picturesque and varied. After passing, it

may be for hours, over the gently-sloping grass-plains— all blue

* Published by the Wiltshire Arch, and Nat. Hist. Society in 1888.
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above, all green below—the traveller suddenly sees below him
a village embosomed in woods, with its picturesque church tower
surrounded by fertile and well-tilled land."

The Dorsetshire Dovms.—Another large area of Chalk-upland
commences in the extreme south of Wiltshire (Cranborne Chase),

and stretches southward through the northern part of Dorset-
shire. On the north it is limited by the scarped range of hills

which overlooks the Vale of Broad Chalke, and which consists of

Lower, Middle, and Upper Chalk ; on the west its border is the
Main Chalk escarpment, and on the south-west there is the valley

of the Stoiu- from Blandford to Wimborne, but this only separates

the tract above indicated from the slightly narcower tract of

upland which forms the northern lip of the Dorchester basin.

The descriptions already given of the Hampshire Downs and
Salisbury Plain will apply almost as well to the Dorsetshh'e

uplands, except that the summits of the downs are often somewhat
broader and flatter, and that much more of the surface is covered

by woods. Cranborne Chase was originally all woodland, and
though some clearings have been made in it of late years, much
of it is still wooded, though chiefly by small trees such as thorns,

hazels, and hollies. On the west also, south of Ashmore, there

are some fair-sized woods, but farther south there are open downs
covered only by grass, furze, and bracken, while the valleys are

all cultivated.

The general slope of the district is to the south-east, in which
direction the chalk eventually passes beneath the outcrop of the

Eocene beds. The average width of the chalk land is about ten

miles, and it is drained by two small streams— the Tarraiit Water
and the Allen—the upper parts of which run south-east, but are

afterwards deflected to join the Stour.

The other Chalk-uplands in Dorsetshire, to the north and west

of Dorchester, exhibit the usual features of such country, and do

not require any special description.

The Yorkshire Wolds.—In the more northern counties the only

large area of Chalk-upland is that of the Yorkshire Wolds. Those

of Lincolnshire form a long strip of chalk-land, but are nowhere

of any great width, varying only from four to six miles across.

The Yorlcshire Wolds are equally narrow in their southern part,

but broaden out northwa,rd, and as they curve round the town
of Driffield their width becomes as much as ten or twelve miles.

Some of their features have already been described (see p. 414),

and it has been mentioned that from the Humber to Huggate

Wold (a distance of about twenty-three miles) there is no escarp-

ment ridge, but a watershed which follows a more or less medial

line between the western and eastern borders of the Wold country.

'

Towards the north-west this watershed rises in some places to a

height of 700 feet, while the Lower Chalk on the outer margin

of the Wolds reaches little more than 600 feet.

6821 I> D
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It results from this arrangement that the valleys of these Wolds

do not all trend eastward, as they do in Lincolnshire, but form

two separate and divergent systems ; the one set running west-

ward, and cutting through the outcrop-slope to drain into the

River Derwent ; the other set opening eastward into the flat of

Holderness. Even in the northern part of the Wolds, where

there is an escarpment-ridge, the valley system is very irregular,

most of the smaller combes opening into the long valley of the

Gipsey Race, which runs from west to east or parallel to the general

strike of the beds.

There is only one valley which runs across the whole breadth

of the Wolds ; »this has its highest branches among the hills east

of Acklam, and has a length in a winding course of more than

fifteen miles before reaching Driffield. Nearly all the valleys art

of the waterless type usual in chalk-uplands, the only one occupied

by a permanent stream being that of the Gipsey Race, above men-
tioned, and this often called the " Great Valley of the Wolds."

The Valleys of Chalk Districts.

The valleys which traverse the Chalk uplands may be divided

into two classes— (1) the transverse valleys which breach the escarp-

ments and are occupied by rivers rising outside the Chalk area
;

(2) the irregular branching system of -valleys which commence
inside the escarpment and seldom carry permanent streams.

With the great transverse valleys, such as that of the Thames,
or those of the Arun and the Adur in Sussex, we are not concerned

in this memoir, for they form part of the larger river-system of the

country ; and our attention is claimed by the valleys which lie

wholly within the Chalk areas.

If anyone climbs the frontal slope of a Chalk-escarpment, say

that of the North Downs or of Salisbury Plain, he will find on
reaching the top that he does not stand on a broad plateau as he
might have expected, but on a comparatively narrow " ridgeway,"

which is onl}^ fiat for the width of a few hundred yards, and then

curves down into a combe or is continued out into a long and

equally narrow round-backed ridge between two combes or dr^'

valleys. The panorama before him is in fact one of an intricate

series of alternating ridges and valleys, the ridges ending in

beautifully-rounded curves and the valleys opening one into another

till their connection is lost in the distance. Fig. 73 represents

an excellent case of a single series or group of small valleys

carved out of a corner of Salisbury Plain.

If the explorer descends into one of these convergent combes he
will not in ordinary seasons see any sign of water, and if !he examines
the floor of the larger valley into which the combe conducts him,
he will notice in many cases that it is uneven, undulating slightly

in a way that it would not do if it was ever occupied by continually
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Fig. 73.—Sketch Map of a Group of Valleys on Salisbury Plain, South
of Urchfont and Cherrington,

Copied from the old Ordnance map (Sh. 14). Scale one inch to a mile.

running water, even for a few weeks in the year. Possibly, however,
after he has walked for a mile or two he may come to a spot in the

valley-way where a curious cup-shaped hollow presents itself, and
beyond which there is a distinct watercourse. In ordinary

summers this watercourse will be dry, but in wet seasons and per-

haps duriug every winter it will be occupied by running water,

which rises as a spring from the hole or hollow aforesaid. Such
occasional or periodical streams are generally called bournes or

winterbournes, but in Sussex are known as lavants.

The dry valleys which ramify into the heart of the Chalk-uplands

(as shown in Fig. 73) have steeply-sloping sides, often steeper

than the slope of the escarpment itself, they are deep, and the whole
district presents the aspect of a country which has once been full

of running brooks and streams, and out of which a deeply cut

system of drainage has been developed by such agencies. The
existence of such valleys in districts which at the present time

are practically waterless has struck many observers as remarkable

and as a fact demanding explanation.

The dryness of chalk-uplands is not due to any lack of rain, for

of course more rain falls upon them than on the inland plains, but

6881 D D 2
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chalk is such an absorbent rock that the rain which falls upon it

soaks into the soil very quickly, and the little rills that do run down
the valley slopes after rain disappear at the bottom before they
can gather into a volume of running water. Only twice in my own
experience have I seen a dry chalk-valley converted temporarily

into a river. One occasion was in the summer of 1875, after three

days' rain, when all the valleys which radiate from the Gog-Magog
Hills near Cambridge became watercourses ; the other time was
in July, 1883, at Eothwell, in Lincolnshire, when the roadway
along the valley became a watercourse, and part of it, for a
distance of 80 yards, was covered with fine chalk-gravel washed
down from the fields above, and other parts of the roadways
were torn up into holes and runnels.

The rarity of such occasions makes it probable that the valley

system of the chalk-uplands was formed under conditions which
no longer exist, and we have therefore to consider what conditions

may or must have existed in the past which would facilitate the

erosion of valleys out of the chalk. Several such conditions have

been indicated, and three of these can certainly be recognised as

efficient causes, though one of them may have operated more com-

pletely in the more northern areas than in the southern.

These conditions are— (1) the cover of impervious clays which

once spread over the Chalk areas
; (2) the frozen state of the

ground during the Glacial period
; (3) the probable larger rainfall

over the British area when the Glacial period was passing away.

The last might not be very efi'ective by itself, but in conjunction

with either of the other two a greater rainfall would certainly

cause more rapid erosion of valleys.

The second is doubtless to be regarded as one of the final causes

which led to the deepening of the valleys and especially to the

formation of those deeply-incised combes which occur in such close

proximity to the escarpment ridges. Mr. Clement Eeid was the

first to indicate the effectiveness of this cause, especially in the area

of the South Downs,* and the following is quoted from his paper

on the subject. After referring to a time when the ground must
have been frozen into a solid mass to a considerable depth as it is

now in Siberia and 'parts of Canada, he remarks :

— " This would

modify the entire system of drainage of the country in a way which

I do not think has been realised. All rocks would be equally and

entirely impervious to water, and all springs would fail ; while

these conditions lasted any rain falling in the summer would be

unable to penetrate more than a few inches. 'Instead of sinking

into the chalk or other pervious rock, and being slowly given out

in springs, the whole rainfall would immediately run off any
steep slopes like those of the Downs and form violent and transitory

mountain torrents .... Each of these floods would have an

* Quart. Journ. Geol. Soc., Vol, xliii. p. 364 (1887),
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enormous scouring and transporting power .... This I believe

was the origin of our steep-sided combes and of the Coombe Eock.
It may be added that even when the cUmate was so far ameUo-

rated that the ground no longer remained frozen through the
summer, such action would still go on in the spring of the year,

and Dr. Hinde stated (Loc. cit., p. 373) that in Canada, " where
the ground is solidly frozen to a certain depth each winter, a
greater amount of denudation is effected in twenty-four hours,
at the sudden break-up of the frost in spring, than takes place

during the whole of the rest of the year."

But while these conditions help us greatly in understanding
the formation of the deep coombes and short valleys in the higher
parts of the Downs, we must remember that this cause can only
have operated during the period of Glacial cold, and that we have
very good reasons for believing that the main valley system of the

Chalk areas was established long before the Glacial Period began.

The present valleys are only more deeply incised portions of a more
ancient drainage system.

We come, therefore, to the consideration of " clay-covers," and
there are three different clays which have at one time or another

served as covers on different parts of the Chalk area ; these are the

clays of the Woolwich and Reading Beds, the London Clay and the

Glacial Boulder-clays. The consequences attributable to the former

existence of a mantle of Boulder-clay spread ovei- a chalk country

were, I believe, first pointed out by Mr. Penning and myself in

1881* ; and were more particularly described by me in 1887.f
Although this refers to a cover of Boulder-clay, the process of valley

making would. be similar in the case of any other clay-cover, and

so the description of it given in the latter Memoir may be quoted

here :—
" It is tolerably certain, therefore, that the greater portion of

the Chalk area was covered with a mantle of Boulder-clay, which

invested hill and dale alike in one continuous sheet .... Such
being the case, it is clear that the rain which fell on the sui'face

would not soak into the Chalk, as it. does now, but would couise

freely over the land ; the whole rainfall would consequently be

made available for erosive purposes, and rain would be collected

into rapid streams in situations where no water ever runs at the

present time.
'

" The course taken by these brooks and torrents would be deter-

mined by the irregularities in the surface of the Boulder-claj',

and their channels, once formed, would be continually deepened

until they reached the surface of the underlying Chalk, This

[rook] also would be deeply trenched as long as so much of the clay-

mantle remained as sufficed to shed the greater portion of the

*' Geology of the Neighbourhood of Cambridge, p. 122, Mem. Geol.

Survey (1881).

t Geology of East Lincolnshire, p. 126, Mem. Geol. Survey (1881).
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rainfall into these channels. It is probable, however, that this

clay-mantle was very thin on the higher ground, and as it was
gradually removed by the general detrition of the surface a larger

and larger area of bare chalk would be exposed, and more and more
of the rainfall would be exposed."

In Lincolnshire, however, as in other parts of England, there

is clear evidence that most of the valleys in the Chalk area are of

pre-Grlacial date, and as it is only in certain places that one of the

modern valleys diverges from the course of the ancient vaUey,

it would seem that the Boulder-clay to a large extent draped the

features of the pre-Glacial surface, and that the post-Glacial streams

ran for the most part along the depressions which marked the

course of the ancient .valleys. Even in the north, therefore, we
have still to look much further back in geological time for the

initiation of the great system of vaUeys which has since become
so deeply incised on the higher parts of the Chalk Wolds and
Uplands.

To realise the conditions under which these valleys were exca-

vated out of the Chalk, we must briefly glance at what is known
with respect to the western extension of the Eocene Beds and

the relative positions occupied by Cretaceous and Eocene strata

when the land rose from the Eocene submergence.

In the eastern part of England there can be no doubt that both

the Woolwich and Reading Beds and the London Clay spread far

to the westward and northward beyond their present limits, and
that they covered all the existing tracts of Chalk in East Anglia

;

further, it is equally certain that the Chalk extended far beyond
its present escarpment, and was continued beneath the Eocenes

over a large part of central England. But judging from the

rapid thinning out of the Lower Eocenes in Wiltshire, where at

Ohisbury near Marlborough the Bagshot Sand comes to within 25
or 30 feet of the Chalk ;* and from the complete overlap of the

London Clay by the Bagshot Beds in Dorset, we may infer that over

the western part of England these gravels and sands came to

rest directly on the Chalk. There is, moreover, evidence that

they even passed completely across the Chalk, so as to be on the

surface of the Upper Greensand ; at any rate, this was the case

in some places.

It is evident, therefore, that when the western country came
undeir the influence of subaerial agencies during Oligocene and
Miocene times, river courses must have been established on the
surface of the widespread Bagshot Sands, and I think the valley

system then formed must be regarded as the parent of the

* See W. Whitaker in Mem. Geol. Survey, Vol. iv. p. 177 (1872).
t See C Keid " On the Eocene Deposits of Dorset," Quart. Journ. Geol.

Soc, Vol. lii. p. 490 (1896), and Geology of Dorchester, p. 28, Mem.
Geol. Survey, (1899).
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existing system, although, of course, it has been largely modified
during the lapse of^the intervening time.

During the Miocene epoch, when the land probably attained a
high elevation, we may suppose that the valleys which had been
commenced on the surface of the Bagshot Sands became more
deeply incised, and that, as these sands were gradually worn
away and removed from the higher parts of the land, the drainage
system woTild be impressed upon and transferred to the underlying
strata, whatever they might be, whether Selbornian, Chalk, or

London Clay.

Let us consider a single area as an example, and let us take that
which now presents the largest expanse of bare Chalk in the
country— the uplands of Hampshire and Wilts. We may safely

assume that there was a period in the history of this tract when
the Bagshot Beds were reduced to outliers, and when the greater

part of its surface was formed of London Clay (underlain by
Reading Beds), and when the Chalk was only exposed in places

along the lines of what are still the principal river-valleys, those

of the Itchen, the Test, the Bourn, and the Avon.

In early Phocene time there was a decided subsidence^of eastern

England, and the Pliocene sea invaded not only Suffolk and Essex,

but also the greater part of Kent (Lenham Beds). This subsidence

must have imparted an easterly tilt to the Eocenes, but it does
not seem to have affected the courses of the principal rivers, at

any rate, in Southern England. This subsidence was followed

by local upheaval along the anticline of the Wealden area, or more
correctly, perhaps, along a part of that anticlinal complex; but
as this upheaval did not prevent the streams above mentioned
from continuing to hold their courses across the Wiltshire and
Hampshire uplands, either the general uplift must have been so

gradual that they were able to keep their channels open, or, what
is more likely, the flexure only added to the height of that tract,

which was already the watershed, namely, the northern line of

anticlinals from the Vale of Pewsey, by Shalbourn and Kingsclere

to the Hogsback.

My view regarding the valley systems of the Hampshire Downs
and of Salisbury Plain is, then, that they were originally impressed

upon the Chalk by having been cut through a cover of Eocene
clays, that they are in fact systems of drainage which have been

transferred from one formation to another. Just as in Lincoln-

shire the post-Grlacial valley erosion was continued as long as a

sufficient cover of Boulder clay remained, so in the southern area

the streams running over and off the Eocene clays would continue

to extend and deepen the valleys as long as any considerable

amount of such clays remained on the intervening ridges

and plateaus.

Here, too, it should be mentioned that in the opinion of Mr. C.

Reid and myself, the material of the " clay-with.fiints," which is



424 THE CfiETAOEOtrS ROCKS OP BRITAIN.

found as a capping on so many of the higher chalk ridges, has

been derived to a far larger extent from the Eocene clays than

from the minute quantity of insoluble matter existing in the

Chalk. If this is the case, then the quantity of " clay with flints
"

has not increased pari passu with the general detrition of the

Chalk, but has been gradually reduced to the condition of outliers

from a state of much wider extension.

Thus, as the Eocenes were being gradually removed from the

central Chalk area by the action of rain and rivers, we imagine

that their residual material (now incorporated in the clay with

flints) would remain in great force on the plateaux, and would
still serve as a clay-capping from which rain would be shed. Thus
it seems to me that the existent waterless condition of the Chalk

uplands was only brought about by the slow and gradual removal of

the clay-with-flints and did not supervene till the area of uncovered

chalk was much larger than the area still covered by that clay.

Among the final stages of erosion the frozen condition of the

ground during a part of the Glacial Period, and the consequent

frequency of floods, as described by Mr. Reid, was no doubt largely

contributive to the deep excavation of the terminal valleys in the

Chalk districts. We must remember, too, that the minor move-

ments of elevation and depression would each accelerate or retard

erosion, elevation accelerating and depression retarding it, and

would thus affect the process of valley making.

If, as seems probable, the " Coombe Rock " of Sussex and the
" Head " of Cornish coasts were formed in a period which followed

the time of depression in which the materials of the raised beaches

were deposited, then the movement of upheaval must be accredited

with its share in assisting the final process of valley erosion ; while

the succeeding movement of subsidence (alluvial levels) wiU account

for the stoppage of active erosion, and the initiation of the present

stationary state of things.
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CHAPTER XXVII.

WATER SUPPLY FROM THE OHM.K.

1. Springs.

The phenomena of sprmgs involve the consideration of many
local conditions, and are not always of a simple nature ; but when
the Chalk is regarded as a source of water supply it is desirable

in the first place to study the springs which issue from it and their

relations to the local water levels. It will be found that in some
localities the Chalk behaves as if it were composed of one uniformly

permeable kind of material, while in other places the springs

break out at certain geological horizons where layers or beds o'

less permeable material appear to be the local causes of outflow.

The location of springs within the area of the Chalk may, I

think, be referred to one or other of the following causes :
—

1. Simple overflow of underground water at points where
the level of the ground falls below the internal level

of saturation.

2. Outflow caused by the outcrop of a less permeable stratum.

3. Outflow at a higher level in consequence of the displace-

ment of the beds by a fault.

Tlie first case is illustrated by Fig. 148, which will also serve

to explain what is meant by the term internal level of saturation.

The figure may be regarded ^as a section thrqugh some part of the

Chalk escarpment, which gejneraUy presents the aspect of a water-

shed ridge with a steep slope on the outer side (towards which the

beds rise), and more gentle slopes, channelled by deep valleys, on
the other or inner side. The water falling on the ridge and on its

slopes is disposed of in three ways, a small part runs off the sin-face,

a large part is evaporated or absorbed by plants, and a smaller part

sinks into the ground and percolates through the chalk.

Recent experiments have shown that the amount of rain

which runs off a bare chalk surface is so small as to be negligible,

but there is some difference of opinion as to the proportional

amounts that are retained and evaporated. They vary much in

different years ; thus Mr. J. Hopkinson found that out of a rainfall

of 26 inche; the amount evaporated was on the average 74 per

cent., the remainder (26 percent.) being absorbed, but that some-

times the proportion was as 63 to. 37. Other observers believe

that from 40 to 46 per cent, of the rainfall generally percolates

downward from sxurfaces of bare chalk.
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The water which sinks into the ground percolates downward
through the chalk till it is arrested, by some bed which is nearly
impervious ; in the diagram it is supposed to have sunk till it

reached the marly chalk near the base of the formation. Being
thus prevented from sinking lower it accumulates in the lower
parts of the chalk, which thus become saturated with water up to

a certain limit or level, and this_ limit is called the level or plane of

saturation (I, I, in Fig. 148).

The water thus imprisoned, naturally tends to escape at points

where the level of the ground falls below the level of saturation.

Hence there are generally springs along a certain level (Spring 1) on
the front of the escarpment and others at a rather lower level

(Spring 2) in the valleys which trench the other slope. The level

of saturation is not represented by a straight line between these

two points, because the water passing downwards and outward
through the mass of the chalk cannot flow freely as it would on
the surface, but is retarded by friction and capillary attraction

Thus the water is held up as it were beneath those tracts where
the surface of the ground is highest, and where the distance it has
to pass through is greatest. Consequently, the level of saturation

rises under the escarpment ridge and falls towards the spring

heads ; in a minor degree it rises under every ridge or hill so

that regarded over a large area the level of saturation is an

;
undulating plain.

Let us next consider the cases in which springs appear to be

thrown out by definite beds in the chalk.. There are four such'

horizons which serve as special water-carriers, each of them btjing:

underlain by a tough marl of greater or less thickness. These;

beds do not all occur in one district, but, taken in descending order,

are :—

1. The Melbom-n Eock.

2. The Totternhoe Stone.

3; The Marl-rock of Oxfordshire and Bucks. '

4. The marl-band (No.: 5 of Price) near Folkestone.

Some of the localities where springs issue from these beds will

be mentioned hereafter, but it concerns us first to ask under what
circumstances they act as water-carriers, and why some of them
do not always intercept the water percolating downward through

the chalk.

I think the main condition of their so acting is that the outcrop

of the bed shall not be far above the usual local level of saturation.

Where this is the case the underlying marl never gets very dry

and forms a continuous impervious stratum through which Httle

water can make its way. But where the outcrop of the rook bed

rises to a high relative level, both it and the underlying marl become

desiccated in dry weather every year, they have consequently con-

tracted and have become fissxired, for s\ich fissures once formed
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would never be closed again, but would rather tend to become
widened in the course of time. This is certainly the case with the
marl beds beneath the Melbourn Eock, which are often broken
by fissures at and near their outcrop. In such circumstances the
water sinking through the chalk and reaching the Belemnite
marls is only held up for a certain distance, running over the marl
till it finds a fissure, through which it passes and makes its way
to a lower level.

As Mr. Whitaker has pointed out to me this view will explain

the fact that the Melbourn Eock throws out a strong spring at

^
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There remains to be considered a third cause for the location

of springs, that of displacement of the strata by a fault. Though
not frequent, cases do occur where an impervious bed is brought

Plateau. Valley. Hill.

t/////////////////////////////////////////

a

Fig. 76.—^Diagram to explain how a Fault may give rise to a Spring,

a, a, impervious part of chalk. I, I, saturation level.

b, h, pervious part of chalk. /, s, fault.

up on one side of a fault, with the result that it raises the level of

saturation and gives rise to a spring or springs where otherwise

none would occur.

The possibility of this is shown by the diagram Fig. 76, where

the beds a a are supposed to be impervious, and b h are pervious,

both being broken by the fault f s. If there had been no such

fault, and the beds had continued in the direction of the dip from

a to /, the level of saturation would have passed below the bottom

of the valley (v), but the upthrow of the beds on the other side of

the fault / s brings the impervious beds so near to the surface of

the ground in this valley that the ordinary saturation level is

raised to the position indicated by line I si, and the result is the

issue of water in a spring at some point near s. The effect of

the fault is in fact to imprison a certain amount of water per-

manently in the angle oi a f s, so that the saturation level is

raised to the same position that it would occupy if the surface of

the impervious bed were raised to the level of the broken line.

With respect to the conditions which determine the actual

points of issue of springs along the front of an escarpment they are

probably of several kinds ; sometimes they are slight undulations

in the strata along the line of strike, and the springs issue in the

troughs of these undulations, as for instance at Cherry Hinton

near Cambridge; in other cases the point of issue may be

determined by a fissure, the opening of the fissure at the

surface offering a path of least resistance.

Springs issuing from the Ch^rlk maj^ be grouped in three
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classes according to their position with regard to the principal

physical features of the country.

1. Springs outside the Chalk-escarpment.

2. Springs inside, but not far from, the Chalk escarpment.
. 3. Springs rising near the Eocene boundary.

The general conditions which cause the outflow of water in these

different positions may be briefly described.

1. Springs outside the Chalk-escarpment.

By the word outside, in this connection, is meant that side

which slopes towards the base of the formation, as contrasted with
the inner side or that which slopes toward the newer beds occupying
the interior of the Chalk basins. In this sense the springs which
issue from the bases of the North and South Downs are outside

springs, and their water flows outward into formations which are

older than the chalk, although in many cases it ultimately passes

into rivers which carry it back through the Chalk-escarpments.

The springs which issue from the chalk along the foot of the

Chiltern Hills, and along other parts of the main escarpment of the

chalk, come of course under the same category, and there is no need

to give any special description of them. They are as a rule perennial

springs, though in specially dry seasons the volume of the issuing

water becomes small and some of them occasionally go dry. The
seasonal variations in their flow are a matter for local study.

Where the tract below the escarpment is narrow there is

seldom more than one set of springs, but where the space between
the boundary of the Lower Chalk and the top of the escarpment
becomes wider, as in Cambridgeshire, Suffolk, and Norfolk, more
water is thrown out and springs issue from two or more
different horizons.

2. Sprvngs inside the Chalk Escarpment.

The springs which issue on the inner side of a Chalk-escarpment

are such as would occur in the position S^ in Fig. 76, and at other

points still lower down the slope of valleys that run toward the

interior of the Chalk basins.

Such springs are seldom perennial, and the position or point of

outflow is liable to great variation according to the season of the

year and according to the dryness or wetness of the season.

Hitherto we have spoken of the level of saturation as if it was
always maintained at the same or nearly the same level, but this

is by no means the case. There is a normal summer level and a

normal winter level, and these again are only maintained if the
rainfall of the preceding six months has been about the usual or

average amount. If there has been a deficiency of rain the springs

which are nearest to the escarpment dry up, because the plane of
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saturation sinks below the level at which they occur. On the other

hand, if there has been an excess of rainfall, springs often break

out still higher up the valleys beyond the position of what is usually

the highest spring.

Springs which only flow at certain times of the year, or only

after a prolonged spell of rainy weather, form temporary streams,

which are known as bournes, nailbournes, winterbournes, woe-

bouTTies, levants, and gypsies in different parts of the country.

Some of them break out every year at the same spot, and the

phenomenon is known to the countryside as the breaking-out of

the bourne : these may be called regular bournes, and are generally

winterbournes. Others onty come into existence after a season of

great and prolonged rainfall, and these may be termed " occasional

"

boiu-nes. In some localities they are regarded with superstitious

terror, and have been called woo or woe- bournes under the idea

that they only appeared when some disaster was about to happen. *

Sometimes there are a series of spots along a valley from which
water issues after long-continued rains, the water rising first from

one outlet and then from another higher up, as the underground
water-level is raised, until a long stretch of what is usually a dry

valley is occupied by a stream of clear running water.

Such bournes and " bourn-holes " occur in most of the counties

which border the London and Hampshire basins. They are

especially numerous in Kent, Surrey, Sussex, Hants, Dorset, North
Wiltshire, Berkshire, and Hertfordshire.

As a good example of such bournes, that between Caterham and

Croydon, in Surrey, may be taken, and of this a good account has

been given by Mr. H. H. French.f It issues in the usually dry

valley called Stoneham Lane, between Caterham and Coulsdon,

and flows down Smitham Bottom to Croydon. It is not a regular

winterbourne, but an " occasional bourne," and its breaking-out

does not seem to depend on the general rainfall, but on the occur-

rence of excessive rains in the months of October, November, and

December.

Mr. French states that the running of the bourne has nearly

always occurred in those years when the rainfall in the last quarter

of the year has exceeded 10 inches ; that it generally starts in •

November or December, and continues into the early months of

the following year, as in the years 1865, 1872, 1876, 1880, and
1882. In 1860, however, there was an outbreak of the bourne,

although the rainfall in the last quarter only amounted to 6.58

inches ; but in this year .the summer months were the wettest,

over 9 inches of rain falling both in the second and third quarters.

* Mr. Blackmore's Story of "Alice Lorraine" contains a graphic account

of the breaking out of a woe-bourn. See also Camden's Britannia, and
Aubrey's Natural History and Antiquities of Surrey.

+ In a paper " Oa Bournes," Scientific Society of Sutton, Surrey, 1883;
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As Mr. Frencli remarks, " the reason why a large amount of

rain faUing in the winter is more effective than an equal quantity

of rain falling in the summer months, followed by a small or only

moderate winter rain, is that almost all the summer rain is absorbed

by vegetation, or is evaporated, so that scarcely any finds its way
downwards to the subterranean reservoir. Whereas in winter

things are reversed : scarcely any is absorbed by vegetation, but
little is evaporated, and the rest percolates through the soil, and
adds to the amount already stored below."

He refers to the experiments made by Mr. Ch. Greaves between
the years 1852 and 1882 on the proportion of percolation to rain-

fall, and finds that the rising of the bourne really coincides with

those years in which Mr. Greaves found the amount absorbed by
percolation to be unusually great in the second half of the year.*

The observations conducted at Lea Bridge showed the total annual

amount of percolation to vary from 4 to 12J inches, the amount
in the latter half of the year varying from less than an inch to over

6 inches. Thus in 1860 the amount of water making its way
downwards between June and December (inclusive) was 5'199

inches, in 1865 it was 5'699 inches, and in 1872 it was 6'100.

This conclusion is confirmed by a comparison with the year 1866,

which was actually wetter than 1865, but most of the rain fell in

the first half of the year, and the amount percolating through in

the latter half was only 3"587 inches, and consequently there was

no bourne in that year.

The account of the Caterham Valley bourne, above given, may
be taken as ill strative of the phenomena of occasional bournes,

but, as already stated, there are many bom-nes which break out

every winter, and it is only in exceptionally dry seasons that they

do not run.

The reason of the difference between the phenomena of occasional

bournes and of winterbournes consists in the relative height of

the valley-floors above the normal winter level of saturation. A
section drawn by Mr. J. Lucas along the course of the Cater1:am
bournef shows that the points where the bourne breaks out are

all well above the ordinary winter level of saturation, and that it

is only when this is raised to an unusually high level that the

bourne holes are brought below its plane. A winterbourne occurs

where the valley-floor is nearer to the permanent level of saturation,

so that the ordinary rainfall of autumn and winter is sufficient to

raise the level of saturation above that of a certain part of the-

valley-floor.

Another good example of a winterbourne is that of the
Hertfordshire Bourne, which has been described by Mr. John
Hopkinson.J This bourne usually commences to flow between

* See Proc. Inst. Civ. Eng., Vol. xlv. p. 22.
+ See Proc. Inst. Civil Eng., Vol. xlvii.

t Se3 Trans. Hortf. Nat, Hist. Soc, vol. x. p. 69.
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January and April, and sometimes runs till the middle of June.
It rises at various points in the vaUey between Bourne End
and Harratt's Lane End, but seldom higher up than the
latter place.

It has never flowed when less than 30 inches of rain has
fallen in the year, and has only failed to flow twice within record
when more than 30 inches has fallen. Its flow, however, really

depends on the distribution of the rainfall during the year, and
Mr. Hopkinson gives a table which shows that when the bourne
has flowed there has always been a heavy rainfall during the
nine months from July of the preceding year to March of

the year of flow. At such periods there has always been a nine
months' fall of from 24'6 to 32 '9 inches, the average annual rain-

fall of the district being about 28 inches. Hence, we may say that

the bourne flows on those occasions when the rainfall of these

nine months approaches or exceeds the average for the whole
year.

In Sussex a winterbourne rises in the valley east of Ashcombe, and
flows through the Vale of Southover into the River Ouse at Lewes.

The valley of its source is quite dry during summer and autumn,
the bourne rising generally at the end of the year, and flowing

thi'ough December, January, and February, and often lasting into

March.

Two other good instances of winterbournes occur in Dorset.

One of these is in a valley south-west of Blandford, and all the

villages in it take their name from the stream. They are Winter-

bourne Stickland, W. Clenston, W. Whitchurch, W. Kingston, W.
Tomson, and W. Zelstone. The other valley is near Dorchester,

the bourne rising at Winterbourne Abbas, and passing by four

other villages with the same prefix. Hutchins, the historian of

Dorset,* says that "the spring (of Winterbourne Abbas) is by the

country people caUed the Wherry, and is said to burst with great

noise generally about November, sooner or later as the season is

more or less rainy, for in.dry seasons it has been known not to

break out for three or four years together. . . . It is generally

dried up soon after midsummer, except the season be wet."

3. Sprmgs at the jwnction of Chalk and Tertiaries.

The issue of water from points on the line of junction beween

the Chalk and the Eocenes depends primarily upon the angle at

which the strata are inclined, and upon the physical features

which are governed by, and vary in accordance with, the dip of

the beds. Mr. Whitaker has given a clear explanation of the

manner in which such springs arise,t accompanied by figures,

which are reproduced in our Figs. 77 and 78. He points out

that where the dip of the beds is high, the incoming of the Eocene

* " History of Dorset," Third Edition, Vol. ii. p. 196 (1863).

t In Appendix No. C. 40 to Eeport of Eoyal Commission on Metropolitan

Water Supply, 1893, p. 433, See also Geol. Mag., Dec. 4, Vol. ii. p. 360.

682} E 13
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makes but a very slight feature or rise iii the ground, and is

dominated by the comparatively steep dip-slope of the Chalk.

Moreover, under these conditions the junction of the two forma-

tions is always at a relatively low level, generally at the lowest

level, along any transverse line of section. On the other hand,

where the dip is low, the Tertiary beds generally form a marked
rise or escarpment, and the lower part of this rise generally con-

sists of chalk, so that the junction of the two formations does not

occur at the lowest levels in the district.

Reference to Pig. 77 shows that in the first case the water which
is flowing and percolating through the chalk toward the^ Eocene
beds must tend to saturate the whole mass of chalk which underlies

those beds, and the saturation level is consequently kept so high
that many points along the junction of the two formations are

permanently below it ; it follows, therefore, that water will issue

at these points. This is the origin of many springs in Surrey,

from Croydon westward.

SwAlWwHole

Figs. 77 and 78,

a=Eocene Beds. 6=Chalk.

1.1. Level of Saturation. 2.2. Sea-level.

When the disposition of the beds is similar to that shown in

Fig. 78, the dip being low, no such springs occur, because the

level of saturation is nearly always below that of the junction

of the Chalk and Eocene, and it is very rarely that the bottom

of a valley touches the saturation level. Such conditions are

favourable to the formation of swallow holes at the boundary
of the two formations, i.e., of holes in which water flowing on
the surface of the Tertiary beds is swallowed up and conveyed
underground to the Chalk beneath the Tertiary liasin.

Other clays besides those of the Eocenes may be so placed with
regard to tracts of chalk that similar cpnditipns are produced.
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This is the case in East Lincolnshire and in the south-east of

Yorkshire, where Boulder-clays are banked up against the Chalk
in such'a manner and to such a depth that the Chalk beneath
them is saturated with the water which flows underground from
the Wolds, and some of it is thrown out in springs at the junction

of the Chalk and Drift. The following is quoted from the Survey
memoir on East Lincolnshire (p. 136) :— " As the depth of Boulder-

clay at a few hundred yards distance from the boundary line is from
60 to 90 feet it is evident that this impervious mass obstructs

the flow of the water which is percolating eastward through the

Chalk and forces much of it to the surface. The result is that

a number of perennial springs affording an excellent and abun-

dant supply of water break out at those points along the line

where the level of the ground is lowest, and generally where one

of the dry valleys that trench the Wolds opens on to the Boulder-

clay plain."

Water from Deep Wells and borings in the Chalk.

It has been stated that the springs which issue from the Chalk
wherever they are situated are only the overflow of the water

which is permanently stored up in the more deep-seated parts

of the formation. By far the larger quantity of the water which

is absorbed by the exposed surfaces of chalk passes downward
and inward below the Tertiary and Post-Tertiary beds which

cover such large areas of the formation.

These deep-seated tracts of chalk form what may be termed

undergroiind reservoirs, in which a vast supply of good water is

continually stored up, and these reservoirs have been tapped by

hundreds of wells and borings, especially in the neighbourhood

of London. Moreover, in consequence of the depth to which the

Chalk is carried by the synclinal curvature of the London and

Hampshire Basins, most of these borings are artesian in the

sense that when the water is reached it rises to a high level in

the boring and sometimes overflows. The subterranean areas of

chalk are consequently very important and very easily utilised

sources of water supply, and this is the case not only in the

London and Hampshire Basins, but also in the more northern

areas of Norfolk, Lincolnshire, and Yorkshire, the two latter of

these really forming the western border of a third Tertiary Basin,

the centre of which has been invaded by the sea.

It must not be imagined, however, that either the upper

surface or the basal plane of the Chalk in these basins maintains

anything like a regular continuous curve, increasing gradually

from the margins of the basin to a trough of maximum depth.

The subterranean stratigraphy of the Chalk is at present very

imperfectly known, but the available information is sufficient to

make it certain that no such regularity prevails in the Hampshire

g82i ?> = ?
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or the London Basin ; on the contrary, the Chalk is broken by
faults and disturbed by flexures which run in various directions,

and sometimes form deep local troughs or ridges.

Mr. W. H. Dalton has made a special study of the subterranean

surface of the Chalk in Essex, and has shown that in the

southern and eastern parts of that county it is bent into an
irregular system of minor basins and ridges which are often

suddenly cut off by lines of faulting.* His paper is illustrated

by a map of the county, in which these undulations and inter-

ruptions are indicated by contour-lines of depth below Ordnance
datum-level. This map is reproduced in the useful " Report on
the Water-supply of the County of Essex " by Dr. J. C. Thresh,

which should be read by everyone who is interested in

the subject.

Mr. W. .Whitaker has pointed out that in regard to capacity

as a water conductor, chalk holds a sort of intermediate position

between a loose rock, such as a sand or soft sandstone, and a com-

pact rock like an ordinary limestone ; "for whilst a certain amount

of water may travel slowly through the spaces between the par-

ticles, as, indeed, may be seen to be the case in wells and adits,

where a general weeping occurs along the sides or walls, a greater

quantity probably finds an underground channel along the planes

of bedding along which there are sometimes slight openings,

and which must always be planes of weakness. Still more, how-

ever, finds its way down and along other divisional surfaces which

have been formed after the consolidation of the rock ; these are

the joint planes, formed perhaps by shrinkage, which are every-

where present [running] in various directions and more or less

vertical, and sometimes causing slight openings or fissures that

can be clearly seen.

" From this it follows as a rule that, to get a supply of water

from the Chalk, some of these fissures must be cut. Now, when
a boring is made the breadth of chalk can be measured by inches,

and though by good luck a fissure may be cut and a good supply

of water got from it, yet on the other hand it is equally (or perhaps

much more) likely that this result may not happen ; the boring

is [then] condemned as a failure, and the water bearing power

of the Chalk is put down as small.

" What then is the course that should be followed to get large

supplies of water from the Chalk ? Clearly a boring is not always

to be depended on, and, therefore, the old plan of digging a well

has to be resorted to, 'which, of course, increases the breadth of

the work and with it the chance of cutting a water-yielding fissure.

To get very large supplies, however, the object is to cut many
of these fissures, in fact, to expose as great an amount of surface

as possible, and to admit the inflow of water from as great an

• " The Undulations of the Chalk in Essex," The Essex Naturalist,

vol. V. p. 311.
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extent of chalk as can conveniently be got at. This, of course,
must be done by lateral rather than by vertical extension, and
the plan adopted is the driving of small horizontal tunnels (gal-
leries or adits, as they are called) below the plane of saturation
of the Chalk, and in such directions as to tap the greatest amount
of water."*

Even the method of driving adits does not always succeed in
obtaining an adequate supply of water, for the Chalk is not
always fissured to the same extent, and is sometimes entirely
without open fissures. It is probable that the existence or
absence of fissures in deep-seated chalk depends mainly on the
position of the subterranean flexures, for the joints and cracks
will be more open along the antichnal axes, whde in the synchnes
the chalk will be close and compact, and generally without
fissures. This is probably the reason why Richmond has failed
to get an abundant water supply from the Chalk, notwithstanding
the depth of the well and the construction of 3,460 yards of
headings into the chalk, which however only yield 260,000
gallons a day. Reporting recently on this failure Mr. Mansergh
writes, "All the information obtainable, and especially the
experience of your own works points distinctly to the fact that
the chalk underljring Richmond is very close and compact,
containing few fissures or other channels by which water can
pass freely, and that it very unlikely that you can ever expect to

procure from this source all the water required for the growing
needs of the Borough." (Contract Journal, Feb. 6, 1901).

Another instance where the chalk does not yield water freely,

and where a deep synclinal trough is known to exist (see Mr.
Dalton's map) is the neighbourhood of Chelmsford. In a report
on the Springfield and the Great Baddow Waterworks (1899)
Messrs. Thresh and Dewhirst discuss the probability of obtaining
a good supply by boring down into the Chalk and remark that
" in this portion of Essex the chalk appears to be very dense
with few open fissures, and not to yield water freely."

There are, however, other planes along which water flows m
the Chalk ; thus in the Middle Chalk and in the lower part of

the Upper Chalk thin layers of marl or marly clay occur, and
are persistent over large areas ; these must hold up a certain

quantity of water where fissures are not frequent. , Again, it is

known that water often makes its way along the layers of flints

in the Upper Chalk. This was specially noted in a boring at

Thames Haven made in 1879. Here the Chalk was entered at a

depth of 268 feet, and water rose to the level of the marshland

;

at 360 feet a water-bemng layer of flints was struck, and the

water rose llj inches above the marsh-level. As the boring

progressed other flint-layers were traversed, each increasing the

supply until at 570 feet the water rose 19 inches above the

* Geology of London, Vol. i. p. 510, Mem, Gaol. Survey (1889).
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marsh-level* A boring made at Mitcham, in Surrey, in 1850
affords another good record of the same fact ; it only penetrated

22 feet of chalk, but found " layers of flints every 3 feet and
abundance of water in every layer." f

It is worthy of note that water issuing from the Chalk, whether
in springs or from deep wells and borings, varies but little in tem-

perature all the year round, being always about 50 deg. Fahr.,

hence it seems fresh and cool in summer and almost warm in the

winter, with the further consequence that chalk springs are rarely

frozen up.

Quality of Waters obtained from the Chalk.

The water of springs issuing from the chalk is always clear

brilliant, colourless, and palatable, and except in rare cases where
it is polluted by the infiltration of organic matter from the neigh-

bouring ground, it is good and wholesome water. It contains

only minute traces of organic matter, but is always more or less

hard, this hardness being mainly of the kind called temporary,

that is, due to the presence of carbonate of lime and carbonate of

magnesia in solution, which are easily and cheaply removed by the

addition of slaked lime to the water.

The water obtained from wells sunk through the chalk, where

it forms the surface soil or is covered only by permeable deposits,

is of a similar character, always (when unpolluted) containing

but a trace of organic matter, but always holding in solution a

considerable amount of carbonate of lime.

When, however, water is obtained from deep borings carried

through the London Clay and London Tertiaries into chalk satu-

rated with water it is found to exhibit a great difference in charac-

ter. The total amount of sohd matter in solution is much greater,

on the average twice as great ; while the hardness is much less

and is much more due to the presence of soda salts such as the

carbonate and sulphate of soda ; there is also generally a consider-

able quantity of common salt (sodium chloride) in solution. The
amount of organic matter is usually rather larger but is still very

small and the water obtained from such borings is generally clear,

palatable and wholesome.

The existence of these differences in the character of chalk

waters according to their source from beneath bare chalk or from
below the London Clay, etc., was indicated in the Sixth Report
of the Rivers Pollution Commission (1874), and was illustrated

by several series of analyses of such waters. The following are

the averages of the results of these analyses as given in that Report,
the quantities being expressed in parts per 100,000 :

—
* See Whitaker " Geology of London," p. 37, and Dr. Thresh " Eeport on

the Water-supply of Essex," p. 26.

t Whitaker, op. cit.. p. 208.
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At the time when the remarks above quoted were pubUshed,

Mr. Whitaker was unaware that the subject had been discussed

by Mr. R. Warrington in 1887,* but on the occasion of an address

to the Hertfordshire Natiu-al History society in 1898,j he drew

attention tp Mr. Warrington's paper as containing a better expla-

nation of the facts than the one he had suggested.

Mr. Warrington was specially dealing with the waters of the

deep wells at Harpenden in Herts, and on comparing the results of

his analyses with those of other well waters he was struck by the

small amount of chlorine occurring in the Harpenden water. He
says :

" It would appear that there is some peculiarity in the chalk

water of Harpenden so f£ir as its contents in chlorides are concerned.

I venture to think that the low proportion of chlorides in the pure

well-waters of Harpenden may be due to the situation of the village

not far from the escarpment of the Chalk at the northern edge

of the Thames basin. The Chalk here being at a considerable eleva-

tion (344 to 430 feet above the sea), and the gradient of the under-

ground water-level very consideralale, the chalk-rock has been in

the course of ages washed very thoroughly by the percolation of

rain, and the chlorides originally present in the rock when upheaved

from the sea have been almost completely removed."

" The wells in the lower part of the chalk-basin are obviously

supplied to a considerable extent by the underground drainage

from the upper part of the basin. This underground drainage

water when it passes Harpenden contains about 11 parts of

chlorine per million of water; but as it continues to percolate

through masses of chalk at a great distance from the surface, it

may be assumed to gain chlorides from the small residue of

common salt remaining in the rock, so that wells in the lower

part of the basin should on an average contain water richer in

chlorides than wells at the edge of the basin "

" Direct 'evidence as to the presence of common salt in the Chalk

seems to be furnished by the general considerable excess of chlorides

in contaminated well waters over the amount furnished by

rain and present in the waters of land-drainage." [This point

he had previously proved.] Still stronger evidence is supplied

by the condition of the well-waters in the Chalk when this formation

is covered by the London Clay. The clay has, of course, prevented

any percolation of rain from above ; the washing of this chalk

has, therefore been confined for many ages to the slow passage

through it of water from the upper part of the basin already con-

taining chlorides. "Under these circumstances we find a well-

water extremely rich in chlorides. Frankland found, as a mean of

* Journ. Chem. Soc.,;Vol. li., p. 500.

t " The Chalk Water in Hertfordshire," Trans. Hert. Nat. Hist. Soc,
Vol. X.
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13 well-waters, 150 "2 parts of chlorine per million of water ; and
this richness in chlorides occurs in wells now far removed from
the sea."

I may mention that the same explanation had occurred to me
before reading Mr. Warrington's paper or Mr. Whitaker's reference
to it, and that I had formulated it in the following terms. Assum-
ing that some sodium chloride was embedded and occluded in

the Chalk, and also that originally it was equally disseminated
tliroughout the formation, it is clear that it would be more or less

completely leached out of all those portions of the chalk which were
uptilted and so became exposed to the continual action of perco-
lating fresh water. But in the central portions of the synclines

beneath the Tertiaries, where the Chalk has probably been always
saturated with water, there could not be the same rapid extraction
of the sodium chloride. It is true that under the London Easin
there is probably a certain movement of water eastward toward
the sea, but it must be very slow, for there is not likely to be any
free exit for it beneath the North Sea. Thus it seems quite possible

that in such portions of the Chalk that are well below the sea level,

much of the original sodium chloride may still remain in solution,

and it is possible even that the amount has been increased in some
places by that whch has been leached out from higher levels.

It may also be observed that the increase of saline contents
in the water found below London must not be considered as an
isolated case ; there is probably a similar increase in the case of

other formations, notably in water from the Lower Greensand in

Oxfordshire and from the Coral Eag at Swindon. *

In his address above mentioned Mr. Whitaker remarks :
" It

seems to me that the above is a good explanation, and the more
so as it accounts for like occurrences (sometimes of a stronger kind)
in other formations than the Chalk. The washing out of the salts

from the Chalk from the escarpment downward to the central

parts of the basin where concentration would take place ; the
possible addition there of salts derived from the Tertiary sands
(between the London Clay and the Chalk); and perhaps some
chemical changes slowly brought about in the deep-seated water ;

these would seem to be enough to account for the great differences

in the mineral contents of the waters in the open and in the covered
chalk."

It should, however, be mentioned that still more recently another-
suggestion has been made which deserves notice, inasmuch as it

comes from a good chemist. Dr. J. C. Thresh, in a paper on
" The Saline Constituents of Chalk Waters,"! writes as follows :

—

" My view is that this water is practically stagnant under the

country, and that in the course of ages the action between the

* See Jukes-Browne " On a Boring at Shillingford," Midland Naturalist,

Vol. xiv. p. 201 (1891), and H. B. Woodward " On a Well-sinking at Swin-
don, Quart. Journ. Geol. Soc., Vol. lii. p. 289 (1885).

+ " The- Journal of State Medicine," Vol. vii. p. 437, 1899,
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water which entered on the west from the Chalk outcrop and the

sea-water which entered on the east from the opposite outcrop
under the ocean has resulted in the formation of these particular

fonstituents." He thinks that "very little of this water comes
rom the outcrop to the west," and that as the multiplication of

deep wells continues to reduce the water-level, " the sea-water

will travel inland faster than the reactions which have produced

the saline constituents of the water now in the chalk can keep
pace with."

He also remarlis that some of his analyses show a great variation

in the contents of chalk-water even in the same parish, and observes

that " such great variation over so limited an area does not point

to free inter-oommunication, nor to a continuous flow of under-

ground water in any direction. It points rather to a condition

approaching stagnation allowing local influences to exert a maxi-

mum effect." Again he says :
" I can discover no indication of this

alkaline water travelling in any direction, and in my opinion it

is a vast and practically stagnant underground reservoir which,

if drawn from, is much more likely to be fed with sea-water from

the east than by the rainfall on the outcrop to the west."

Dr. Thresh may be right in concluding that the water in the

deeper parts of the Chalk Basin is in a " condition approaching

stagnation," but I think few geologists will agree that very little

of the water comes from the outcrop on the west. He adnaits

that some may enter South Essex from the outcrop in Kent, but

thinks that most of the Kent water which passes northward is

forced out through fissures into the bed of the Thames

He writes as if he thought there was an outcrop of Chalk beneath

the bed of the North Sea, whereas the fact is that the Tertiaries

of the London Basin are continued eastward beneath that sea into

Belgium and Holland. The head of fresh water flowing continu-

ally into the subterranean extension of the Chalk from the out-

crops on the south, the west and the north-west probably affords

a much greater general pressure than is needed to keep sea-water

from flowing into the basin, from the few points where chalk does

come into contact with the sea. These are (1) around Grays and

Gravesend, (2) in the Isle of Thanet, (3) near Cromer, in Norfolk.

It is quite true that in these localities sea water does make its

way into the wells after continued pumping, but this is only because

the pressure of the head of fresh water has been reduced by the

pumping, and the resvdt is entirely a local one.

If Dr. Thresh's view were correct, one would^expect that his

tables of analyses would show a general increase of saline constitu-

ents as one travelled in the direction of the sea, and especially an

increase in the amount of sodium chloride, but such does not appear

to be the case. Thus there are eight instances in Essex in which the

total quantity of salts amount to over 100 parts per 100,000, and
of these six are inland places, and only two (Wivenhoe and Clacton)
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are near the sea ; yet in all of them the amount of sodium chloride

is over 50 per cent, of the total, and in the case of Thorpe it is 67
per cent.

All the facts adduced by Dr. Thresh are indeed more satisfactorily

explained on the theory of embedded salts than on the supposition

of interaction with sea water now in process of diffusion. ' But his

tables of analyses, which the proportions of the different salts

existing in water from many localities, are very valuable, and
represent the results of no fewer than 72 analyses. Some of these

are quoted in the two following tables, the first one containing

sixteen of Dr. Thresh's analyses of well waters in exposed chalk,

and the second sixteen examples of water from below the Tertiary

Beds in Essex.

TABLE I.—Saline Constituents in Watee from Wells in Exposed
Areas of Chalk. In parts per 100,000.

Localities.
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There is another aspect of the question which has been touched
iipon by Mr. Whitaker, and which he puts as follows :

— "If the
view is right which I am induced to take, or indeed if any view
of purely local origin is right, one would expect that the alkahne
salts should decrease by continuous extraction of the water," and
Mr. Hayward gives some evidence to that effect. He says that " the
well at the Harrow Waterworks was sunk with such care to exclude

the water from the sands .... above the chalk, that there can
be no doubt that we are dealing in this case with water from the
chalk alone," and he notes the following general results of analyses

at different times, adding that " this appears to show a progressive

improvement in the water."

In 1868, total solid contents 1,044.

In 1870 „ „ „ ,1,009.

In 1873 „ „ „ 981.

In 1883 „ „ „ 884.

Mr. Hayward also remarks that " it would be interesting to

examine whether the softening [of the underground water] is

regularly progressive as the water passes injvards from the outcrop."

That this is the case seems to be indicated by the analyses which

were arranged by Mr. Hayward, and printed in Mr. Whitaker's

memoir, when these analyses are grouped as follows :
—

Group A.—Waters from below bare chalk in Herts and Surrey.

Group B.—Waters from below covered chalk in Kent and Surrey.

Group C.—Waters from below covered chalk in Central London.
Group D.—Waters from below covered chalk north of London.

Group A includes only four analyses, but they are fairly repre-

sentative ; for each of the other groups I have taken the results of

eight analyses, and calculated the averages of the several ingredi-

ents. These come out as follows :
—

Hardness 48 ' 5
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It will be seen tliat the contents of groups C and D differ greatly

from those of the other two, and do not differ very much from one
another except in the proportions of sodium and chlorine, there

being evidently more sodium chloride in the water under London
than in the area further north.

Still more recently Mr.W.W. Fisher has written on this subject*

and he is of the same opinion as Mr. Warington, Mr. Whitaker
and myself. He points out that even if infiltration from the sea

were possible in some parts of Essex, it could hardly be the

explanation at Wokingham in Berkshire, where the water derived

from the ,Cha],k is markedly alkaline and contains as much as

25 grains per gallon of chlorine (in chlorides).

Mr. Fisher believes that all the sodium salts found in deep-

seated waters from the Chalk of the London Basin have been
derived from the soluble salts retained by and occluded in the

mass of the Chalk, and have been gradually taken up into solu-

tion by the percolating water in its progress from the marginal
outcrops of the Chalk into the central parts of the Basin. He
thinks that during this progress " the proportion of alkaline

carbonates will gradually increase, and as it increases the calcium

salts will diminish until mere traces only are left

The amount of calcium carbonate in solution will ultimately

depend on the amounts of carbonic acid in the water available

as a solvent, so that some of the alkaline chalk-waters are harder
ttan others for this reason."

In order to test the existence of sodium salts in the Chalk
itself, he obtained samples of Chalk taken from the boring at

Meux's Brewery, in Tottenham Court Road, and analysed that

taken from a depth of 500 feet with the following results :

—

Calcium as carbonate 93 90

Silica (including soluble silica) 4'20

Iron oxide ( with P2 O5 )
'50

Magnesium carbonate 70
Sodium sulphate - '28

Sodium chloride - '20

Sodium carbonate "03

Water and loss '19 "

100-00

" On Alkaline Waters from the Chalk," The Analyst (August, 1901),
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APPENDIX I.—PALEONTOLOGY.

A.—CRITICAL REMARKS ON SOME SPECIES OF

FOSSILS.

By E. T. Newton and A. J. Jukes-Bhowne.

Cephalopoda.

ACTINOCAMAX LANCEOLATUS, Sow.

1829. Belemnites lanceolatus, Sow. Min. Con., pi. 600, figs, 8, 9.

non Belemnites lanceolatus, Schloth. Petref., p. 49, No. 8.

The Belemnite figured by Sowerby under the name of lanceolatus

seems to have been overlooked by most writers, and specimens
have hitherto been generally regarded as a variety of Belemnites

plenus, Blainv.

It is true that the young forms of Bel. (Actinocamax) plenus are

not inflated like the adult individuals, but are narrow and not
unlike the species figured by Sowerby, but Sowerby's types came
from the Chalk Marl of Hamsey, and specimens with unquestion-

ably the same forin occur not unfrequently in the Chalk Marl of

Folkestone and in the Totternhoe Stone of Bedfordshire and
Cambridgeshire, whereas typical inflated examples of Actinocamax
plenus have never yet been obtained from the zone of Ammonites
varians. The Chalk Marl form is, moreover, rather stouter for

its length and has its sides more continuously parallel.

As it is an Actinocamax and not a Belemnitella, and as the former

is now recognised as a distinct genus, it can retain the specific name
given to it by Sowerby. Sharpe (Pal. Soc, Chalk Cephalopoda)

confused this form with the true Act. plenus (Blainv.).

Actinocamax Toucasi, Janet.

1891. Actinocamax Toucasi, Janet. Bull. Soc. Geol. Fr., Ser. ill..

Vol. xix. p. 719.

This species has been identified by Mr. G. C. Crick from a specimen

in Dr. Blaokmore's collection obtained from Harnham, near Salis-

bury. It resembles Act. plenus in many respects, having somewhat
similar swelling outlines, but is wider laterally than from front to

back, while in Act. plenus the reverse is the case.

The type was obtained from the base of the Act. quadratus zonp

in France, ai^d the Salisbury specinapn ig from the sanae zone,
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Gasteropoda.

SCALARIA DECORATA, VAR. FASOIATA, Eth..

1841. Melania decorata, Boemer, Nordd. Kreidegeb., p. 82, Taf.

12, f. 11.

1843. Fusus costato-striatus, Munster in Goldf. Pet. Germ, iii.,

p. 23, Taf. 171, f. 18.

1845. TurrUites undulatus, Reuss, Bohm. Kreidef. i., Taf. 7, figs.

8, 9.

1850. Scalaria decorata, Sc. subundulata, and Sc. costato-striata

in. dVrbigny's Prodrome ii., p. 217.

1872-75. Scala decorata, Geinitz. Elbthalg. in Sachsen, ii., p. 162,
Taf. 29, fig. 4.

1881. Scalaria fasciata, Etheridge in Mem. Qeol. Survey. Geology
of Cambridge, p. 140, pi. 1, f. 1,

The above synonomy of Scalaria decorata is that given by
Geinitz in the work quoted,- he having reason to consider that the

shells which d'Orbigny mentioned in his Prodrome under the

names of. S. decorata, S. subundulata, and S. striato-costatus are

really the same species in different states of preservation.

Specimens from the Totternhoe Stone of Burwell were described

and figured by Mr. Etheridge in 1881 under the name of Sc. fasciata,

and he remarks their close resemblance to the Fusus costato-

striatus of Mtinster, but thinks they differ in two respects, (1) in

possessing a cord-like band at the sutiu-e, (2) in having more
ventricose whorls ; but the figure given by Geinitz has even more
ventricose whorls than the Burwell specimens, and the sutural

band is hardly of sufficient prominence to differentiate a species.

The shell seems to agree in all other points with the Scalaria.

decorata as described by Geinitz, and so it is proposed to regard

the English specimens as a variety of that species. '

Lamellibranchiata.

Inoceramus latus, Mant. (non d'Orb.).

1822. Inoceramus latus, Mant. Foss. South Downs, Tab. 27, f. 10.

1828. Inoceramus latus. Sow. Min. Con., Tab. 582, f. 1.

1840. ? Inoceramus planus, Miinst, in Goldf. Pet. Germ., Taf.

113, f. 1.

non Inoceramus latus, GoW. nee. d'Orb.

non Inoceramus latus, var. reachensis, Eth.

Mantell in describing this large species (Op. cit. p. 216) says that

it equals Inoc. Cuvieri in length and width, but is depressed and
destitute of the prominent costae which distinguish that species.

He also remarks that it is " common in the Upper Chalk near

Brighton, Lewes, Offham, etc."

Sowerby gives a good figure showing an oblique shell with a

straight hinge line and uniform undulations, obtained " from the
Upper Chalk near Swaffham in Norfolk."
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It is quite certain, therefore, that the original types of Itwc. latua

were found in the Upper Chalk, or at any rate in the " chalk with
flints," and neither Mantell nor Sowerby say anything about its

occiU"rence in the " chalk without flints " or in the Chalk Marl.

There is no doubt that shells agreeing fairly well with the figures

given by Mantell and Sowerby do occur in the Upper Chalk, aihd

also that by some authors they have been wrongly referred to Inoc.

Cripsi. This latter is distinctly stated by Mantell to be a Chalk
Marl form found at Eingmer, Hamsey, and Offham. The name
Inoc. latus must therefore be retained for the Upper Chalk form.

Inocebamus latus, Goldf. (non Mant.).

1840. Inoceramus latus, Goldf. Pet. Germ., Tab. 112, f. 5.

1846. Inoceramus latus, d'Orb. Pal. Fr., Terr. Cret. pi. 408, f. 1, 2.

1881. Inoceramus latus, var. reachensis, Etheridge, in Mem.
Geol. Surv., Geology of the Neighb. of Cambridge, pi. 1, f. 3.

non Inoceramus orbicularis, Munst, in Goldf., pi. 113, f. 2.

non Inoceramus orbicularis, Schliiter, Zur Gattung Inoceramus,
Palseontographica, Vol. xxiv. 1877, p. 260.

Query Inoceramus Cripsii, Mant. Foss. South Downs, Tab.

27, f. 11.

The shell identified by Goldfuss with the Inoceramus latus of

Mantell is stated to occur in the " grey chalk and greensand of

Westphalia," and was therefore probably obtained from beds

equivalent to our Lower Chalk.

D'Orb'gny's figm-e of Inoc. latus is so like that of Goldfuss that

it might have been copied from the latter, and it appears among
his Cenomanian, and not with his Senonian species. He refers to

Mantell's figure, but does not seem to have compared French and

English specimens, while his figure bears very little resemblance

to Mantell's, which, as already stated, was a species from the Upper

Chalk not the Jjower Chalk.

Schliiter in 1877 attempted to settle the synonomy of the

Cretaceous Inocerami, but not very successfully. He thought that

Mantell's name should be abandoned, and that the Inoc. orbicularis

of Miinster (in Goldfuss) was the same species as the shells figured by

Goldfuss and d'Orbigny under the name of /. latus, so he proposes

to use the name /. orbicularis. This view was adopted by

Professor Barrois (Ann. Soc. Geol. Nord., t. v. p. 357).

We can agree with Schliiter and Barrois in believing that the

shell found in the zone of Ammomtes varians may be identified

with the form figured by Goldfuss and d'Orbigny under the name

of In. latus, and also agree with them that it cannot continue to bear

that name ; but we are quite unable to regard the In. orbicularis

of Miinster as the same species.

It is worthy of note that in a list of Sussex fossils drawn up by

Mantell in 1828 (Geol. Trans., Ser. 2, Vol. iii. p. 201), he separated

those of the " Chalk Marl " from those of the " Lower and Upper

6821 F «
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Chalk," and in this list the only Inocerami mentioned as Chalk
Marl species are /. Cripsi and /. tenuis. Further, some of the

irregular varieties of the Chalk Marl shell more closely resemble

the figure of /. Cripsi in Mantell's " Fossils of the South Downs "

than that of /. latus in the same volume, and we think it very

probable that the Cenomanian and Lower Chalk form, which has

hitherto been known as /. latus, will prove to be really /. Cripsi.

Inocebamus pictus. Sow,

Inoceramus pictus, Sow. Min. Con., Tab. 604, f. 1.

1 1noceramus cuneiformis, d'Orb. Pal. Fr., Terr. Cret., pi. 407.

We desire to call attention to the Irwc. pictus of Sowerby because

it seems to be a form which has escaped attention in England. It

is elongate and straight, not oblique, like I. mytiloides, the anterior

side is rather flat and smooth, and the valves are nearly equal and
• equally inflated. The type specimen bore longitudinal radiating

bands of brownish colour, and is stated to have come from the

Chalk Marl of Guildford. The figure of d'Orbigny's /. cuneiformis

much resembles /. pictus, but we have not seen any French

specimens, and to identify them it would be necessary to compare

the types. A specimen, however, found by the Rev. W. R.

Andrews near Westbury, in Wiltshire, resembles the figures of

both forms and might be identified with either.

Lima aspeea, Mant.

1822. Plagiostoma aspera, Mantell. Geol. Sussex, p. 129, pi. 26,

f. 18.

1846. Lima plana, Reuss (non Roemer). Bohm. Kreidef., p. 35,

Taf. 38, f. 20.

non Lima aspera of Goldfuss, d'Orbigny, nee Reuss.'

The true lAma aspera is found in the Chalk Marl of southern and
central England and in the Totternhoe Stone. It has never yet

been well figm'ed and distinguished from the species confused with

it by Goldfuss and d'Orbigny ; but a figure of it has been given in

Vol. II., p. 30, of this memoir.
The following is the description given by Mantell :

" 56. Plagio-

stoma (?) aspera. Tab. xxvi. fig. 18. Subdepressed, obovate, with

numerous longitudinal aculeated sulci." :

—

" To the naked eye this shell appears as if marked with smooth, longi-

tudinal strise, but conveys a sensation of roughness to the touch. With
the assistance of a lens, the strise are perceived to be sulci [i.e. grooves]
dividing the surface into flat ribs, the edges of which are fringed with
minute sharp points.

" It has a few irregular lines of growth : the structure of the hinge
is not shown in any of the specimens in my possession.

" This shell bears considerable resemblance to Lifna spathula of Laiparok.
" Localities : Hamsey, Stoneham : rare,"
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Lima plana of Reuss seems to be the same form, but the Lima
aspera of Reuss, Bohm, Kreidef ii. p. 34, Taf. 38, f. 17, which is a

species with angular indentations forming a series of concentric

ridges, is not the same, neither is the aspera of Goldfuss (Pet. Germ.,
pi. 104, fig. 4) and probably not the L. aspera of d'Orbigny (Pal.

Franc, pi. 425, figs. 3-6) which is an Upper Chalk form.

Lima elongata, Sow.

1822. Plagiostoma, Mant. Foss. South Downs, Tab. 19, fig. 1.

1827. Plagiostoma elongatum, Sowerby. Min. Con., pi. 559, fig. 2
(lower figure only).

1841. Plagiostoma elongatum, Eoemer. Nordd. Kreidegeb., p. 56.

1846. Lima elongata, Reuss. Bohm. Kreidef. ii., p. 33, Taf. fig. 6
(not fig. 9).

1847. ?Lima Astieriana, d'Orbigny. Pal. Fr., Terr. Cr^t. iii., pi. 420,
f. 4-7.

1850. Lima Reussii, d'Orbigny. Prodr. ii., p. 249.

1872. Lima elongata, Geinitz. Elbthalg. in Sachsen ii., p. 40,
Taf. 9, figs. 9, 10.

Mantell's figm-e was that of a cast from the Chalk Marl of Hamsey,
but in his list of Sussex fossils (Trans. Geol. See. Ser. 2, Vol. iii. p.

208) he refers to it and to Sowerby's figure as those of Plagiostoma

elongatum giving Hamsey and Folkestone as localities.

Sowerby's original description was as follows :
" Shell obliquely

elliptical, convex, costated ; costae few, distinct, rounded ; hinge-

line short. The costae are about 15 or 16, prominent, rounded, and
smooth." One of his specimens we take to be Lima parallela (see

Vol. i. p. 449), and this is in a dark green matrix, which might be

that of the Am. mammillatus zone or of the Stauronema zone at

the base of the Chalk Marl. It is stated by Sowerby to have come
from the " Upper Greensand " of Folkestone. The other specimen,

which we regard as the type of L. elongata, came from the Chalk

Marl of Hamsey.
We think it most probable that the foreign forms included in the

above synonomy are the same species, but until a comparison of

specimens with the Enghsh type can be made this must remain

uncertain. We may, however, remark that many EngUsh specimens

have about twenty ribs, a variable number of small ribs coming in

on each side, and in some specimens the ribs are more or less

roughened by small tubercles, such specimens resemble L.

astieriana, which is described as having twenty-two ribs.

Spondylus latus, Sow.

1814. Dianchora lata, Sowerby. Min. Con., pi. 80, f. 2.

1822. Dianchora obliqua, Mantell. Geol. Sussex, p. 206, pi. 25,

f. 1, and pi. 26, f. 12.

1834-40: Spondylus lineatus, Goldfuss. Pet. Germ, ii., p. 97, Taf.

106, f. 3.

'J1872. Sp. latus, Geinitz. Elbthalg. in Sachsen, I., p. 187, Taf. 42,

figs 4-6- where a full synonomy is given, and XL, Taf. 8,

figs 18-21,
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Geinitz in the lastrmentioned work thinlis that a comparison of
the figures given by Mantell, Dixon, and Goldfuss of the shells

known as B. latus, D. obliquus, and S. lineatus will leave little

doubt of their all belonging to one species. With this remark one
can hardly agree, for Mantell's figui'es are not good enough to

compare with any others, but it may certainly be doubted whether
Mantell's D. obliqua is more than a variety of Sowerby's D. lata.

Dixon's figm-e of Sp. latus does not show the upper valve, but
Sowerby's figure and description agrees sufficiently with that of

Goldfuss' Sp. lineatus as to make it very probable that they are
the same species ; moreover Goldfuss records his Sp. lineatus from
" the white chalk of Lewes in England." [Since the above was
written the above synonomy has been adopted by Mr. H. Woods
in his Monograph on British Cretaceous Lamellibranchia.]
The shell was always broadly attached by the lower valve, only a

narrow edge generally rising from the surface of attachment;
consequently, both valves were greatly dependent on this surface

of attachment for the form they took, and great variabiUty is the

result.

OSTREA CANAIJCULATA, SoW.

1813. Chama canaliculata, Sow. Min. Con., pi. 26, f. 1.

1827. Ostrea lateralis, Nilsson. Petrefac. Suecana, 1827, p. 29,

pi. 7, fig. 7-10.

1848. Ostrea canaliculata, d'Orh. Pal. Fr., Terr. Cret., pi. 471,
f. 4-8.

non. Ostrea canaliculata, S&w. Min. Con., pi. 135.

Sowerby figured in 1813 under the name of Ghama canaliculata

a sihceous shell from the Upper Greensand of Chute, and
the same form extends into the lower part of the Chalk.

This shell is known on the Continent as Ostrea lateralis, but t is

also generally admitted to be identical with the Chama canaliculata

of Sowerby. In 1816 (Min. Con., pi. 135) Sowerby descrbed a

different shell under the name of Ostrea canaliculata, but as they

both belong to the genus Ostrea, it is clear that the specific name
must be appUed to the first of them, and consequently Nilsson's

name becomes a synonym. It was rightly described by d'Orbigny
in 1848 under the name of Ostrea canaliculata.

The shell figured by Sowerby in 1816 (Min. Con., pi. -135) is

almost certainly identical with that figured by Nilsson in 1827 as

0. lunata, and as it cannot bear the name of canaliculata, Nilsson's

name of 0. lunata is here used

Ostrea lunata, NUss.

1816. Ostrea canaliculata. Sow. Min. Con., pi. 135, fig. 1.

1827. Ostrea lunata, Nilss. Petrefac. Suecana, p. 31, pi. 6, fig. 3.

1834. Ostrea lunata, GoitZ/. Petrefac. Germ., p. 11, pi. 75, fig. 2.

non] Ostrea larva, d'Orb. Pal. Fr., Terr. Cr^t., p. 740, pi. 486,
figs. 4-8.
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Sowerby in the year 1816 figured a small Ostrea, " from the

Chalk cliff at Mundesley, near Cromer," under the name of 0.

canaliculata (Min. Con., PI. 135). This form we are familiar

with from the Trimingham Chalk, which belongs to the same
zone as that alluded to by Sowerby. Unfortunately, the name
had already been used as stated above, and seeing that the form

figured as 0. lunata by both Nilsson and Goldfuss is almost certainly

the same species, we adopt that name. ^

M. H. Coquand (Monog. Genre Ostrea Terr. Cret. 1869, p. 58)

has included these forms together with the 0. larva of Lamarck,
Goldfuss and d'Orbigny under Schlotheim's name of 0. ungulata,

and the latter, no doubt, will have priority if M. Coquand's synonymy
be correct ; but we think there is grave doubt as to the 0. larva

of d'Orbigny and of Goldfuss being the same species as that we
here call 0. lunata, and prefer, therefore, for the present, to keep

them distinct.

OSTKEA HIPPOPODITJM, Nilss.

1827. Ostrea hippopodium, Nilsson. - Petref. Suecana, p. 30,

Taf. 7, f. 1.

IS43. Ostrea hippopodium, d'Orfe. Pal. Fr., Terr. Crdt., p. 731,

pi. 482.

The forms of Ostrea which we refer to this species are of the type

shown in the figures above noticed. To enter upon the synonymy
of this species would require much time and a large number of

continental as well as British specimens. Those who have most

closely studied the Cretaceous forms of Ostrea are by no means
agreed in this matter, as a comparison of the synonymy of this

species given by Coquand (Monog. Genre Ostrea Terr. Cret., p.

100 and 146, 1869) and by Geinitz (Elbthalg. in Sachsen i., p. 177,

1871-1875) will show.

OSTBEA SEMIPLANA, SoW.

1825. Ostrea semiplana, Sow. Min. Con., pi. 489, fig. 3.

1833. Ostrea insequicosta, Woodw. Geol. Norfolk, pi. 6, f. 4.

The following are probably referable to the same species :

—

1803. Ostracilis sulcatus, Blum. Spec. Arch. Tell., pi. 1, fig. 3.

1834. Ostrea flabelliformis, Goldf. Petref. Germ., pi. 76, fig. 1.

1843. Ostrea semiplana, d'Orb. Pal. Fr., Terr. Cr6t., pi. 488,

fig. 45.

To what extent the synonyms given by Coquand and Geinitz may
be correct we are not in a position to determine, but there are some

of them with which we cannot agree. The name of 0. sulcatus was

used by Born in 1780 (Cat. Testae, etc., 1780, pi. vii., fig. 3, p. 103),

and consequently Blimienbach's use of this same name for an oyster

that may be Sowerby's 0. semiplana cannot be adopted.

0. semiplana occurs in the Middle and Upper Chalk and ranges

from the zone of Terebratulina to that of Belemnitella mucronata.
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Pecten hobinaldinus, var. eotomagensis, d'Orb.

1846. Pecten rhotomagensis, d'Orhigny. Pal. Fr., Terr. Cret., p.

609, pi. 436, figs. 9-11.

1847. Pecten subinterstriatus, d'Arch. Mem. Soc. G^ol. de France,
Ser. II., Tom. II. p. 311, pi. 15, f. 10.

1850. Pecten rhotomagensis, d'Orh.. Prodr. II., p. 169.

1872. Pecten rhotomagensis, Geinitz. Elbthalg. in Sachsen, I. p.

196. Taf. 42, f. 20, and Taf. 44, f. 8.

If these species are identical d'Orbigny's name has the priority.

D'Orhigny in his " Prodrome " identifies d'Archiac's species with
his own, and Geinitz in 1872 accepted this identification. The
shells are certainly closely alUed, and they occur in beds of the same
age ; the main difference between the figured specimens consisting

in this that P. subinterstriatus has oblique striae plainly visible all

over the shell, whereas in P. rotomagensis these striae only occur near
the edge of the shell, especially at the sides. A minor difference is that

in the former the grooves are fairly straight and regular, in the

latter they are very irregular and often distm-bed by the concentric

lines of growth.

Geinitz' figures agree more closely with that of d'Orhigny than

that of d'Archiac. A specimen obtained by Mr. W. Hill from the

Cenomanien of La H<^ve agreed with the types of d'Orhigny and

Geinitz, while most of those from the Genomanian of Devon and
from the highest part of our Upper Greensand more resemble the

P. subinterstriatus of d'Archiac. Some, however, fronr Devon are

unquestionably hke P. rotomagensis.

We agree with Mr. Woods in thinldng that this foi'm is only a

variety of the very variable species for which he adopts the name
of P. robinaldinvs, d'Orb.

UnICAEDIUM EINGMEEIENSE iLhRt.
'

1822. Venus? Eingmeriensis, Mantell. Geol. Sussex, p. 126,

pi. 25, f. 5.

1840. Cucullsea Eoemeri, Geinitz. Charact. der Sch. II. p. 50,

Taf. 10, f. 10, 11 ; Taf. 20, f. 15.

1846. Area (CucnUsea) Eoemeri, Eeuss. Bohm. Kreidef. II. p. 13,

Taf. 34, figs. 41, 42.

1850. Area Ecemeri, d'Orhigny. Prodr., p. 244.

1854. Unicardium Eingmeriense, Morris. Cat. Brit. Foss., p. 220.

1864. Fimbria coarctata, Zittel. Bivalven der Gosaugeb., p. 45,

Taf. 7, f. 5.

1872 ?Mutiella Eingmerensis, Geinitz. Elbthalg. in Sachsen II.

p. 61, Taf. 16, figs. 11-13.

This shell is generally .known in England under the name of

Unicardium ringmeriense, but the above synonymy will show that

it has been referred to several genera. The adult form was first

described and figured by Mantell, but has never been figured in

England since. The German synonymy is taken from Geinitz,
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who in 1872 identified his Gucullcea Rcemeri with Mantell's shell,

giving at the same time three good figures of different-sized

specimens.

Geinitz regarded the Corbis rotundata of d'Orbigny as the same
species, but so far as we can judge from casts of C, rotundata from
the Cenomanian of France, Geinitz is mistaken in this supposition.

The genus Mutiella was founded in 1870 by Stoliozka (Cret.
Fauna of S. India, IH., p. 248).

Echinodermata.

PSEUDODIADEMA BkONGNIAKTI, Ag.

1840. Tetragramma Brongniarti, Ag. Desc. d. Ech. foss. de la

Suisse. Tome ii. p. 25, pi. 14, fig. 4-6.

18A.6. Diadema Brongniarti, S. P. Woodward. Mem. Geol. Surv.
Dec. 5, pi. 2, p. 9.

1868. Pseudodiadema Brongniarti, Wright. Pal. Soc, Brit. Foss.
Echin. Cret. pi. 21a, fig. 2 (Woodward's type),

non Wright. Loc. cit. pi. 20, fig. 2 nee pi. 21n, fig. 3.

Dr. S. P. Woodward referred an Echinoderm in the British '

Museum, from the Chalk Marl of Dover to Diadema Brongniarti,
Ag., and Dr. Wright figured the same specimen in his monograph
of the Cretaceous Echinodermata (pi. 21a, fig. 2). The close

resemblance which this species bears to P. variolare is generally

acknowledged, and we have doubted the occurrence of the true
P- Brongniarti in this country ; but Dr. S. P. Woodward's type
has the ambulacra in sfngle pairs from the mouth to the ambitus
and thence bigeminal to the highest part of the test. It thus differs

from P. variolare in which the ambulacra are trigeminal around the
mouth and hi- or tri- geminal above. The higher test of P. Brong-
niarti is a character not easy to appreciate when comparing
variable urchins. For the above reasons we follow Dr. Woodward
in accepting P Brongniarti as occurring in the Chalk Marl of

Dovra-; but we are unable to accept any other of Dr. Wright's
figures as referable to this species.

They do not agree with the figures or the description given by
Agassiz, nor do they agree with two examples of the true Ps.

Brongniarti kindly sent to one of us by M. Loriol-Lefort. * Agassiz

says that Ps. Brongniarti resembles Ps. variolare, but is more
inflated and less depressed; the rows of secondary tubercles are

much less apparent, the base of the tubercles is large and the

mamelon small ; the pores are in single pairs. To which we may
add that in Ps. Brongniarti the principal rows of tubercles, i.e.,

two on the ambulaoral and four on the interambulacral ai-eas are

nearly equidistant from each other, imparting a very regular appear-

ance to the test.

* These specimens are now in the British Museum at South Kensington.
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PSEUDODIADEMA MaCKIEI, S. P. Woodw.

1856. Diadema Alackiei, S. P. Woodward. Mem. Geol. Survey,
Dec. 5, pi. 2, p. 9.

18G8. Pseudodiadema Brongniarti, Wright. Pal. Soc. Brit. Foss-

Echin. Cret., pi. 20, fig. 2, and pi. 21b, fig. 3.

In 1856, Dr. S. P. Woodward described a new series under the
name of Diadema Mackiei in the following terms :

" Inflated

depressed; lat. 24 hnes; oral opening deeply sunk, lat! 6 lines;

apical opening pentagonal, 7^ lines ; ambulacral pores crowded
above

; primary tubercles not diminisliing sensibly above but
decreasing regularly below ; ambulacral tubercles in two rows of

seventeen each, at wide intervals above, the rows separated by a

continuous granulated space; interambulacral tubercles in six

principal rows, bordered at the circumference by accessory rows,

the central space wide, granulated and tuberculated, becoming
bare and channelled above. Spines slender, solid, finely striated.

Locality, Grey Chalk, Dover (Coll. S. J. Mackie and Bowerbank)."

He also states that a specimen in Mr. Bowerbank's collection

measures 2^ inches across.

Dr. Wright in the Palseont. Society's monograph does not refer to

this species, but some of the specimens which he refers to Ps. Brong-

niarti on Plates 20 and 21b agree very closely with the description

of Ps. Mackiei, and differ greatly from the true Ps. Brongniarti

Avhich we have already described. Specimens agreeing with these

figures and with Woodward's description ai-e not uncommon in the

Chloritic Marl, in the nodule bed at the base of the Chalk near

Chard, and in other parts of the Lower Chalk. We are disposed

therefore to regard them as referable to Ps. Mackiei and not to

Ps. Brongniarti.

CiDARis SoBiGNETi, Desor.

1858 Cidaris Sorigneti, Desor. Syn. d. Echin, foss. p. 446, pi.

6, fig. 16.

1862-67. Cidaris Sorigneti, Cotieau. Pal. Fr., Terr. Cr^t., Tome vii.,

p. 237, pi. 1050, fig. 9-14.

1871. Cidaris Sorigneti, Geinitz. Elbthalg. in Sachsen, p. 68. pi.

15, fig. 1-19.

This species is a near relation of Cidaris clavigera, and it is pro-

bable that its spines have hitherto been referred to C. clavigera by

Enghsh collectors, but we have obtained many spines and part of

a test from the Middle Chalk of the Devonshire coast which show
certain marked differences from C. clavigera and agree with the

figures of C. Sorigneti.

The test resembles that of C. clavigera and the ambulacral areas

are very narrow with four rows of granules, the outer rows being

much larger than the two inner rows, the granules of which are

placed alternately. The interambulacral areas are very wide,
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with five or six tubercles in each row, the tubercle3 are prominent
and imperforate, but not large, each is sm-rounded by a narrow
areola, the margin of which is bordered by a ring of large granules

;

the miliary zone is wide and studded with large granules, but
these are fewer in number than in a typical C. davigera.
The spines are broadly clavate, stumpy, and very short in the

shank, which is less than a third of the total length ; the clavate
head is generally oval, pointed at the top, ornamented with regular
prominent spiny ribs. These spines differ from those of C. davigera
in the length of the shank, in their pointed top and more prickly
ribs ; the spines of 0. davigera being rounded at the top and usually
(but not always) having a shanlc as long or longer than the head.

HOLASTEK PLANUS, Mantell.

1822. Spatangus planus, Mant. Geol. of Sii-ssex, p. 192, pi. 17,

Figs. 9 and 21.

1829. Spatangus planus, Phillips. Geol. of Yorkshire, pi. 1,

fig. 15.

1849-50. Holaster planus, Geinitz. Quad. Doutsch. p. 226.
1853. Holaster planus, d'Orh. Pal. Fr. Ter. Cr^t. vi., p. 116, pi. 821.
1870. Holaster planus, Roemer. Geol. v. Oberschlesieu p. 312.

. Taf. ?7, f. 1 2.

1872. Holaster planus, Geinitz, Elbthalgeb. in Saehsen, p. 9.

Taf. 3, figs. 2 and 3 (eight views).

1881. Holaster planus, Gosselet. Esquisse Geol. du Nord, Tom. li.

pi. 21, fig. 10.

1881. Holaster Isevis var. planus, Wright. Pal. Soc, Brit. Foss.

Echin. Cret. pi. 79, fig. la, b.

Non Holaster laevis var. planus, Wright Op. cit., p. 317, and
pi. 62, fig. 2.

Holaster planus is not a large urchin, its full size being usually

\\ to If inches in length ; it has an oval outline when viewed from
above, a rounded and inflated cross outline when seen from front

or rear. The test is thin and covered with sparsely and irregularly

scattered tubercles ; the base is convex and the margins rounded,

not a flat base with a sharp edge as in Holaster nodulosus SbiidH.

trecensis. In well preserved examples a fasciole may be traced

around the ambitus. The periprocte is situated in a slight depression

about half way up the posterior of the test, a character by which
it is easily distinguished from other species.

Hoi. planus was well described and figured by Geinitz in his

Elbthalgebirge in Saehsen (1872), except that his specimens seem

less convex beneath than most English examples. This species is

specially characteristic of the lowest part of the Upper Chalk, but

is found also in the uppermost part of the Middle Chalk : it has

never been found below the Terebratulina zone and is rare in the

Micraster cortestudinarium zone.

The form described by Wright as H. planus is not this species

but a variety of H. Icems or H. nodulosus. The specimens figured

on his PI. 79 are, however, the true H. planus.
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IIOLASTEH PLACENTA, Ag.

1840. Holaster placenta, Agassiz. Cat. Syst. Ectyp. Echinod. Mus.
Neocom., p. 133, and Cat. Eaisonn^, p. 2.

1849-56. Holaster placenta, Cotteau. Echinides Foss. du dep. de
I'Yonne, p. 486, pi. 82, fig. 3.

Cotteau was the first to give a figure of this species, and his

description is as follows :
" Testsi maximi, oblongS., inflata, superne

depressl., inferne planS., antice rotundat^, vix emarginata. Vertice

subantico. Zonis ambulacrariis strictis, fere equalibus, anterioribus

paribus subrectis. TestI, tenuissima et fragili."

Height, 40 mni. Width, 86 mm. Length, 91. Horizon, chalk
with Micraster cortestudinarium.

This species has been known for many years in France and has
l^een recognised by French geologists in English Chalk* ; but it is

only recently that its existence has been admitted by EngUsh
geologists, and notably by Dr. A. Eowe, of Margate, and Major-

General Cockburn. of Dover. Dr. Eowef has shown that it ranges

from the zone of Rhynchonella Cuvieri to that of Actinocamav

quadratus, though it is commonest in those of H. planus and Micr.

cor 'estudinarium.

This species is easily distinguished from H. planus by its flattened

under surface, by the low position of the periprocte and by its

general larger size. It much resembles Holaster trecensis, but can

be distinguished by the thinness of the test, a character in which it

resembles H. planus.

*By Hubert, near Dover, see Bull. Soc. G6ol. de France, Ser. 3, Tom. ii.

p. 424 (1874), and by Barrois in Hampshire, Recherches sur le terr. cret.,

Sup. p. 41 (1876).

t The zones of the White Chalk, &c. Proc. Geol. Assoc., Vol. xvi. p. 280,
(1900).
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E.—GENERAL LIST OF FOSSILS FROM THE

CHALK OF ENGLAND.

The following catalogue of the fossils from the Chalk of England
has been compiled principally from the lists given in the text of this

memoir, and the sources from which these lists have been derived

have been acknowledged in each case.

The old collections of Chalk fossils which exist in many museums
are of Uttle stratigraphical value because in so many cases the

horizons and localities from which the specimens came have not

been preserved with sufficient accuracy. Now that the zonal

method is acknowledged to' be the only way in which the strati-

graphy of the Chalk formation can be studied with any hope of

success, it is essential that the precise " gisement " of every fossil

should be properly recorded by the finder if his fossils are to be

made of scientific value. Either he must determine the zone- from

which each specimen came or he must record the exact quarry and
level in the quarry (if a large one) where the fossil was found.

'

For want of such information many species appear in the following

catalogue without any indication of the zone in which they occur.

We hope that some of our readers will be able to fill in these blanks

during the com-se of their further collecting, and any such infor-ma-

tion will be gratefully received either by the author or by the

Director.

Besides the fossils collected by the author and Mr. Hill, and by

Mr. Rhodes under their superintendence, in the areas which were

surveyed or examined for the purposes of this memoir, the following

sources of information may be mentioned :

—

1. The lists given by Prof. Barrois in his Eesearches on the Chalk of

England, and the Index to these published by Mr. E. Westlake.

2. The lists published in various papers by Mr. W. Hill and the author.

3. The lists published by Dr. A. W. Rowe in his recent papers on the

White Chalk of the English coast (Proc. Geol. Assoc, Vol. xvi. p. 289 and
Vol. xvii. p. 71).

4. The lists in the papers by Mr. H. Woods on the Fauna of the Chalk-

Rock (Quart. Journ. Geol. Soc, Vols. lii. and liii., 1806-1897.).

5. Unpublished lists, kindly placed at our disposal by Dr. H. P. Black-

more, of fossils collected by him from the several zones of the Chalk near

Salisbury.

6. Unpublished lists of fossils, carefully collected from various parts of

Hampshire, and from the Isle of Wight by Messrs. Ch. Griffith and R. M.
Brydone, and kindly communicated by them.

7. A list of fossils found in the Upper Chalk of Yorkshire, for which we
arc indebted to Mr. Stather of Hull.
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With respect to nomenclature :

—

Mr. E. T. Newton has revised the lists of Eeptiles and Fishes. The fourth
volume of the Catalogue of Fossil Fishes in the British Museum was
published after this list was in type, and thus we have not been able to take
full advantage of Dr. Smith Woodward's valuable work.

The species of Nautilus have been named, in accordance with the British
Museum Catalogue of Cephalopoda, by Messrs. Foord and Crick.

The Bryozoa have been revised with the assistance of the British Museum
Catalogue by Dr. J. W. Gregory.

The list of Entomostraca is based on that given by Messrs. Jones and
Hinde in their Monograph in the Palseont. Soc, volume for 1889, supple-
mented zonally by Mr. Chapman's identifications of species obtained by
Mr. W. Hill in the course of washing many samples of chalk.

The list of Foraminifera is chiefly due to the labours of Mr.F. Chapman,
who has not only published lists of the species found at Taplow, Lewes,
and Swancombe, but has identified all the species isolated by Mr. Hill in

the course of his microscopical work (see p. 349).

The Ust of Sponges is based on the British Museum Catalogue by Dr.
G. J. Hinde, who has also been kind enough to identify many specimens
sent to him from time to time.

The foUovFing list is designed to show the zonal range of the

species, so far as existing information allows, but it must be remem-
bered that our present knowledge is very imperfect, and that many
of the species may have a longer range than is indicated in these

columns. There are also gaps which will doubtless be filled up by

those who continue to collect carefully from the zones of the Chalk.

Besides the zonal arrangement some indication of geographical

distribution has been attempted, the method adopted being the

same as in the first volume of this memoir. Thus the reader using

this list will be able to see at once in what zones any given species

has been found, and also from what parts of the country it has been

obtained.

The following is an index to the contractions used :

—

Be= Berkshire

Bd= Bedfordshire.

Bk=Buckinghamshire.
Cam= Cambridgeshire.

Ch= Chard and Chardstock.

Ct= Charlton (Kent).

De= Devizes.

Dev=Devonshire.
Do=Dover.
Dor= Dorsetshire.

E=Eastbourne.
Es= Essex.

EK=East Kent.
F= Folkestone.

Ha=Hampshire.
He= Hertfordshire.

Hun= Hunstanton.
IW=Isle of Wight.
LC= Lower Chalk.

Lin= Lincolnshire.

Mar= Margate.
MC= Middle Chalk.

Mid= Middlesex.

MB= Maiden Bradley (Wilts.)

Nor= Norfolk.

ND=North Dorset.

NW=North Wiltshire.

Ox= Oxfordshire.

Sal= Salisbury.

Suf = Suffolk.

Sur=Surrey.
Sus= Sussex.

SD=South Dorset.

Sp=Specton.
Tr=Trimmingham.
UC= Upper Chalk.
WD = West Dorset.

WK=West Kent.
Yo= Yorkshire.
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SPECICS.

Lower
Chalk.

Mldle
Chalk.

Upper Chalk.

10

L0CAMTIE3

X9D IlI.MAr.K3.

PISCES—Cont.

Teleostmni—Coat.

Beryx miperbus (see Hoplo-
pteryx).

Calamopleurus angliouBt (sec

Syllsemus.)
Clmolichthys lewesienBis,

Mant.

,, strlatns, Ag.
(?=Apateodus)

CladocycluB lewesieDsis. Ag.
Ctenothrissa microcephala,

radians, Ag.

Daptinus (see Saurodon).
Dercetie (see Leptotrachelna)
Elopopsis crassuB, Dixon -

Enohelurus anglicus, A.S.W
EnchoduB leweslensis, Uard.

(= E. halooyon, .4g.)

„ antt^tens A.S.W.

„ pulehelliis A.S.W,
,, BerratuB ? .Bff.

Halec eupterygiuB, Dixon
HomonoiUB dorsalis, Dixon

rotundus,
A.S.W.

Hoplopteryx lewesiensiB,
Mtmt.

„ simus, A.S. W.

„ superbus, Dixon
Hypsodon lewesiensis, see

PachyrhizoduB Gardnerl).

„ TniU'ir (gtfelchthyo-

dectes).

Ichthyodeotes elegana, Newt.

„ minor, Egerton

,,
tenuidena,

A.S.W.
..

op. -

leptotrachelus elongatiis,

Ag.
Microdon nuchdlis (see

Alpiohthys)

„ occipitalis, Ag.

OBmeroides erassus, (see

Elopopsis.)
Isvis, A.S.W.

„ leweBleasis, Mant.
„ gr(mulat',is (see

Halec euptcrygiua).
Slantelli (see 0.

leweslensis).

10 11 12

10

13 14 3 WK. 4Do. Sus, Ha,
Nor. 7Sur. 9WK.
10EE,Ha,Sn8,Suf,
11 Mar, Sal. 12 Sal.

13 Sal, Nor. 14 Tr.
3 Sus. 4 Bd, Cam. 6
Cam. 9WK.

10 Sur;
3 Sus. 4 WK. 10 WK.
H Mar.

3 Sus. 4 Sus, He. 6
Sus. 7 Ha, Sus. 8
to 12 Sus.

11 12

7? E us (Mailing).

LC. Kent.
I Cam. 3 Sus. 6 SD.

7 SUB. SIW. 9 WK.
10 to 12 Common.
14 Tr.

Chalk, Kent.
Chalk, Kent and Sus.

II Sal. 12 Sal.

4 Do, Sus. in WK.
- 3 Sus. 4WK. 7 Sus.

13

13

4EK.
4F, Do. 7 Sus. 9Sur.

10 WK.
4 EK, Sur. Sue.

7 Sus.

LC. Dorking.
Kenc and Sussex.

L.C. Kent.
10 Sur.
3 Sus. 4 Bd, He, Cam.
WK. 9WK. ISNor.

3 Sub (doubtful
species). .

LC. Kent, Sus.
- Ch. ol Sussex. 13 Nor,
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SPECIES.

Lower
Cbalk.

Mldle
Chalk.

Upper Chalk.

L00AI.ITIE3

AND KEMABKS.

CEPHALOPODA.
Ammonidea.

Ammonites.

—

[Acanthooeras] CMolinua
dVrb.

„ cenomanenBiB,
dCArch.

„ Cnnningtoni,
Sharpe

„ deverlanuB,
d'Orb.

„ hlppocaBta-
nam, Sow.

,.- „ var. com-
preaBa,./-Br.

„ latlclavins,
Sharpe

„ Mantelli, Sow.

„ navicularis,
Mant.

„ Newboldl,
Eossmat.

„ nodoBoides,
Schluter

„ pentagonUB,
J-Br.

„ rotomageusis
Defr.

„ ruBtlcuB, Sow.

„ susaexlmiBia,

Mant.
[Deamoceraa] mayoriaws

(see planulatus.)

„ OCtOBUlCatUB,
Sharpe.

„ planulatus, Sow.

„ pseudo-gardeni ?

Schluter
IDouvill^iceraa]- euom-

phalus, Sharpe
[Haploceraa] AuBteni,

Sharpe
„ catlnua, Mant.
„ ci actus, Mant,
„ IcenicuB, Shpe-

„ leptophyllus,
Sharpe

„ lewesienais,
Mant.

,, undatus, Sow.
„ Teetensis, Sharpe

[Hoplites] BunburyanuB,
Sharpe

„ curratua, Mant.

„ talcatus, Mant.

feraudlanua ?,

dV.b.

6?

7 Bub.

2Ch. 3F. NW. 4IW,
Bd, He, Cam, Suf,
Nor.

2Dev. 3WiI. 4Bk.
6 Do, Ha, SD, Dev.

3 IW and (Grey
Chalk) Sua.

2 Dor, Ch, Dev.

2 Dev.

IIW. 2 Dev. 3IW.
i Sp.

Common in 1, 2, 3.

4 Sua. 6? Ha.
Common in 1, 2, 3.

4 Sua. 6 Ha, Dor.
Dev.

2 Dor, Ch.

6 Do, Sua, Nor, He.

2 Dev.

IE. 2Dor,Ch. 3F,
Sur, Hii, Sub, NW.
4 common.

6 Dev, Nor.
3SU3,SD. 4 Sub. 6 Ha.

2Ch. srw.

IIW. MB. 2Dor,Ch,
Dev.3Sua,IW.4Nor.

11 Yo.

2 Dor, Dev.

2 Dev. 3 Sub, Nor.
4 common.

4 Sua. 8 Do. 13 Nor.
3 Sua.
IS Nor.
10 WK, Do. SD, Be,

11 Mar, Sal. 12 Sua.

?sr. 4SuB,Nor. 6Bk.
6Ha, sua. Nor.

Upper Chalk, Sussex
IIW. 2 Dor.
2Ch.

1IW,MB,NW. ZDev,
Ch. 3 Sua.

1 IW, MB, NW. Ox.
2Dev, Ch. 3r, IW,
Dor.

3 IW (requires con-
firmation).
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8P13GIS3.

Lower
Chalk.

Uld'le
Chalk.

CEPHALOPODA—Cont.

Atnmonidea—Cont.

Heteioceras reussianum,
d'Orb.

» »P-

•> >P-
Ftfchoceraa Smithl, Woods

Scapblteg tequalls, Sow.

„ „ var. obliquus,
Sow

„ blnodoiOB, 7 Bam.
„ GelnltJi, d'Orb.

„ luflatua, Defr. •

„ Bp, (? Gelnitzi) -

lurrllitea Bechel, Shar^e
„ Bergerl, Brongn.

var.

„ blfrona?, d'Orl. -

„ costatus, Latn. •

„ grareBianus, d'Orb.

„ Mantelli, Sharipe-

„ Morrisi, Skarpe

„ ? puzosianus, d'Orb

„ ScheuchzeriaDus,
B'tc.

„ tut>eiculatuB,£osc.

„ Wleatl, Shaife

Aptychus gollevUIenBlF, -

Sharpe
„ Icenlcus, Sharpe
„ leptophyllus,

Sharpe
„ peramplUB, Sharpe
„ Portlockl, Sharpe-

„ rugOBUs, Sharpe •

„ ap. ...
«P- . - -

BeUmnoidea.

Aetlnocamax lanceolatus,
Sow.

„ granulatua,
BUtinv.

„ Merceyi (see

granulatua

„ plenuB, Bltimv.

„ quadratuB, Dejr.

„ Toucasi, ^(inet-

„ verus, MUler

„ weBtfallcu8,5cAIut.

Upper Chalk.

12

12
10 11 12

10 -

L0CAIITII9

AVD SjiMAKKS.

3 Be, Ek, Bd, He.

2 Dor.
g Be, Bd, He.
8 Be, He.

1 F, E, IW, MB. 2
Dor, Ch, Dev. 3
Common. 4 Cam.

2 Dor. 3IW, Sua.

12 Yo.
7 Cam. 8 Common.
12 Yo.
6 Ha. 9Bk.

2 Dev.
1 E, IW. MB. NW. 2
Dor, Ch. 3 IW, Be.
3IW.
2 Dor, Ch. 3 paBBim.

4 Cam, Nor.
IIW. 2 Dev. 3 Sua,

Bk.
3Sus,IW,Bk,Bd.He.
1 B, IW, MB. NW.

2 Ch. 3 IW.
IIW.
2 Dev. 3 paBBim. 4

Ed, He, Cam.
llW.Sua. MB.NW,2
Dor,Ch.Dev.3Com-
mon. 4 Cam, Nor.

,

11 W.MB. 2Dor,CK.
3 Sub, IW.

13 JSor.

IS Nor.
U Mar, Sua. 13 Sal,

Ha, Sub, Mar.

12 Sal, Ha. 13 Nor.
13 Nor, IW, Sal.

ISWK.
13 IW.

2 Dev. 8 F. 4Bd,He,
Cam(Tott. St.).

11 Common. 12
Pasaim.

1 Ha, Bd, Nor, Suf.

5 Common.
12 SD. IW. Ha, Sal.

12 Sal.

10 Sal, Ha. 11 Com-
mon. 12 Yo.

10 Wk.
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SPECIE!

Lower
Glialk.

Mid'le
Chalk.

Upper Chalk.

LOOALITIES

AND KEUAIIKS.

Lamellibramchiata—Cont.

Pholassp. - . . .

Placunopsis undulata ^^Holz.
Pholadomya sequivalviB,

Goldf.

„ decuBsata, Phil.

„ mailleana, d'Orb.

„ sp. (? decuaaata) -

Protocardium hillannm,5ow.

KadioUtes Morton!, Jfant.

„ cf. angeoides Lam.
Septifer lineatus, Sow.

Solen sequalia, d'Orb. •

Spondylus (equalis, Heb. (see

spinosus)

„ ceguicoetatus, Eth.
(see latiis)

„ complanatiis ?
d'Orft,

„ dutempleaniis,
d'Orb. (probably
the flmbriatus of
Goldf.).

latus, Sow.

Iineatu8{me latus).

obliqmtSj Sow. (see

latUB)
Omalii, d'Arch. -

serr.atus, Woods
spinosus, Sow.

striatus, Sow.

„ truDcatn!it,(i'0r2i.

Tellina royana, d'Orb.
Teredo amphisbsBna,/Sini>.'

„ rotundiiSf Sby. in Dix.
(see Martesia).

Thetis Sowerbyi. Roemer -

Thracia carinltera, d!Cri). -

Trapezium rectangularis, -

Woods.

„ trapezoidalis,
Roeni^r.

Trlgonia affinis, Sow. -

costigera, Lye.
crenulata, Lwm. -

crennlitera, Lye.
debilis, Lye.
dunscombensis. Lie.

10

6821

2 WD.
14 Tr.
2Dev.

1 MB. 3 passim. 4 Be,
He, Cam.

2 Oh. Dev.
? 13 Nor.
1 IW. 2 Dev

1 Cam. 3 F, Sus, IW.
6 Do. 7 He. 11

WK.
7 Dev.
1 MB. 2 Dor, Ch, Dev.

3 Sus. 8 common. 9
WK, Lm. 10 Ha. 11

WK, Ha. 12 Ha, Sal.

13 Nor.
2 Dev.

13 Nor.

2 Dev. 8 F. 4 Yo,
6 Sus. 7 Do, Ha,
Sur. 8 Sus, IW. 9
Do,WK. 10, 11 and
12 common. 13Sa<,
SD, Nor. li Tr.

3 F, Sus, Hun. 4 Cam.
Common in 6 to 14,

2 Dev.
11 Do, Sal.

6 Do. Common from
7 to 13. 14 Tr.

1 MB, De. 2 Dev. 3
passim. 4 He, Cam.
11 Sus, 12 Sub.

10 Yo.
12 Sal. 13 Sal.

1 E, MB, Cam. 3 to 6
common. 7 Ha,
8 Bd. 9 SD. 11

WK, Sal.

1MB.
1 De, MB. 2 Dor, Ch.
8 Be.

8Be, Bk,Bd,£s Cam.

2 Dev, Ch.
2 Dev.
2 Dev.
1? MB. 2Dev, Ch.
2 Dev.
2DBV.

Hh
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SPECIES.

Lower
Chalk.

Mld'le
Chalk.

p
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BPBCIBS..

Lower
Chalk.

Mid'le
Chalk.

Upper Chalk.

LOOALITIES

AND BEMARK^>

BEYOZOA—Cont.

CyclostoTnata—Cont.

Crisina subgracilis, d'Orb. -

„ unipora, d^Orb.-

Deemepora semicylindrica,
Lonsd.

Diastopora anricularis,
d'Orb.

„ escharoides, Mich.
„ megapora , d'Orb.

(see tubulosa).

,, mutata, Perfir. •

„ ocean i {see

Beptelea).

„ papyracea,d'Oro.
(see mutata).

,, Sow erbyi, Lonsd.
j, tubulins, d'Orb.

(see escharoides).

„ tubulosa, d'Orb.

„ (see also Bere-
nicea).

Discosparsa simplex, d'Orb.
Domopora clavuia,d'0r6. -

Elea lamellosa, d'Orb. -

„ sp.

Entalophora altemata,d'Orb.
(see E. virgula).

„ cenomanat d'Orb.
(see Spiropora).

„ clavata, d'Orb.(see
E. echinata).

„ cretacea, d'Orb. -

„ echinata, Reuss -

„ Gamblei, Greg.

„ geminata, Hag. •

„ gigantopora. Vine
„ hon-ida, d'Orb. -

„ liv£aA~is,d'Orb.(see

E. echinata).
madreporacea,

Qoldf.
„ obliqwa, d'Orb.(see

Clausa heter-
opora).

„ Pergensi, Greg.

„ probosaidea, Edw.
(see virgula).

„ ramosissima,d'Orlj.

,
, rwripora d'Orb (see

virgula)

„ santonensis,d'Orb.
(see virgula).

„ subgraciXiSf d Orb.
(see virgula).

„ subregiUaris,d'Orb.
(see madrepora-
cea)

„ variegata, d'Orb.
(see virgula).

„ virgula, Bag.

10

10 18

9Ct. lOCt.Mid.
9Ct. 10 Ct.

8 Do, WK. Dev. 9Ct.
Sur. 12 Sal.

9 Ct.

1 MB. 9 Ct.

9Ct.

9 Sur. 10 Sur.

9 Ct.

9 CI.

9Ct. 10 Mid.
9 Ct.

11 Sus.

9 Ct.

8Bd. 9Ct. 10 Mid.
9 Ct.

8Bd. 9Ct.
1 Cam. 3 Kent.
9 Ct.

9Ct. UTr.

9 Ct. 10 Ct.

9 Sus. 10 Sus. 12 Sal.

14 1 Cam. 8 Bd. 9 Ct.

10 Sur, Mid. 12

Sal. 13 Nor. UTr.
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SPECIES.

lower
Chalk.

Midle
Chalk.

Upper Chalk.

BRYOZOA—cont.

Cydostomata.—Coiit.

Proboscinabohemica, Novak
„ cornucopi!B,(8'Or!i.

,, crassa, var. fran-

coium, Perg.

„ „ var. eleva^,
Oreg.

,, „ var. alectodes,

Oreg.

„ dUatata, var.
cantaorigi&tms,
Vine (see hun-
stantonensis).

„ elevata, d'Orb. -

„ fasciculata,iieu8s

„ flexuosa, Vine

„ gigautopora,Fin«

„ hanstantoneDSis,
Vine.

„ marginata,d' Or&.

„ parasitica, Hag
radiolitorum,

d'Orb.

,,
ramosa, Edw.

„ rugosa, d'Orb. (.see

F. augustata)

„ 8arthacensiB,Per^.

„ WetherelliJIfoms
(see P. ramosa).

Pustuii'pora pustvlosa, Goldf.
(see Hammla).

„ pustulosa,
Lonsd. (see

Meliceritites
Lonsdalei).

Eadiopnra tuberculata

„ ornata, d'Orb.

Reptelea ImneUosa, d'Orb.

(see R. parasitica).

„ oceani d'Orb.

„ parasitica, Hag.-
Repioceritites Kowei, Greg.

Reptomulticava coUis, Vine.

f (seeBerenicea

f confluens).
,,' favuB, Seeley.

,, flabellum,
d'Orb.

irregularis,
d'Orb.

mammilla,
d'Orb.

„ mammillata.
d'Orb.

,. simplex,ci'0r6.

,, radiata. Vine.
Reptomuitfclausa papularia,

Mich,

9 10

9 10

I0CALITTE3

9 Ct. 12 Sal.

9 Ct.

9 Ct.

9 Ct.

9 Ct. 10 Sub.

9 Ct.

9Ct. 10 Sub.
12 Sa
ICam. 9Ct. 12 Sal.

13 Sal.

ICam.

12 Sal.

9 Ct.

9Ct. 10 Kent.

S Ox: 9 Ct, Snr, Su3,

BK. 10 He. WIf.
11 Mar. 12 Sub.

13 Sal. Hit.

9Ct.
Diastop(yra Wetherelh

Lonsd.

1MB.
2Dev.

7SD.
9 Ct.

9 Ct.

1 Cam.
9 Ct (teste Gamble).

9 Ct, Do.

9 Ct.

9Ct.

9 Ct. (teste Qamble).
1 Cam.
2 Dot.
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SPECIES.

IiOweT
Cbalk.

Mld'le
Chalk.

Upper Chalk.

14

LooALrriES

AND Reuarks.

CRUSTACEA—Cont.

Ostracoda—Cont.

Cythere boaquetiana, Jane^
„ harrisiana, Jon^s
„ „ var, setoaa,

J.tiH.
., gaultiua Jones
„ sutuberculata,

„ Konlnckiada, Bosq.
Cybhereis anriciilata,Comue^

„ icenica, J.&R.
^
„ ,, var. quadrata,

J.&B.
„ loDsdaleana, Jones

„ ornatissima, Reuss

„ „ var. nuda,
J.<S:H.

,. , var. paupera,

,, , var. radia'is,

J. A H.
„ „ var. reticu-

lata, J. ill H.
„ „ var. strictaj

J.itH.
„ quadrilatera, Rcem

Bpmicaudata,t7.t£:H.

„ trlplicata, Raem. -

„ tuberosa, J. & H.
„ „ var. sym-

metrica.

„ Wrighti, J. <fc M.
Cytheridea perforata, Rcem.

Cytheropteron a1atmu,£o8a.,
var. robU8ta,X * B.

„ „ var. fortis, J isW.

„ „ var. comuta,
Bosq.

„ concentricum,
Reuss.

„ „ var. virginea,
Jones.

., cuspidatam,L7'.&.H'.

„ „ var. tricuspid- -

ata, J. & H.
„ pedatum, Marss.

,, „ var. salebrosa,
J.<lcB.

„ Sherborni, J. tH H.
„ sphenoides, Reiuis-

„ umbonatum, Will.

„ „ var. acanthop-
tera, Marss

„ „ var. longi -

spinata, J. & H.

*

*

#

*

*

*

*

*

*

*

*

*
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8PECIGS.

Lower
Cbalk.

Hidle
Chalk.

Vpper Chalk.

12

Localities

AND asMARiu

ECHINODBRMATA—Cont.

Eckinmdea—Cont.

Cidaris Tesiculosa, Goldf. -

Codi<9a!B doma, Desm-.
Cottaldla 'ii*n\ieit,isa,Ea'mg

Cyphosoma coroUare, Klein

elongatum, Cott.

gTannloBom.
Goldf.

Koenigi, Mant.

magniflouni,.^^.
princeps, Desor
radiatunij^or^.

'

„ simplex, Forbes

,
(see tadiatuni).

„ Bpatuliferam,
Forbes.

„ Wetherelli,
Forbes.

DiBcoidea cyliDdrica, Lam.'
„ Favrina, Desor. •

„ minima^ Ag .

„ Dixoni, Forbes -

„ subuculuB, Klein

Echinobrissue (see Kncleo-
liteB).

Echinoemus (see Galerites)
Echinocyphus difficilis, Ag.-

„ impreBBUs,Seeley
(?var.otdifBclis)

„ meBpilia, Woodw.
EchinocorysBcntatus, Leske,

(=TuIgari8, Breyn.)

Echinothnria floris, Woodw.
Epiaster craBsiBsimU', Defr.

„ brevis, Desor. (see

gibbuB).

„ gibbiis, La/m.

»p.
Galerites abbrcviatns,

Desor.

„ albogalems, Leske

eaitanea, Brottgn.

globnloB, Desor.

2 3

11

n

11 12

- 12

11

13

1 Cam. 2 Dev. 3 F,
Hua, Sp. 4 Hnn,
8 Cam. 14 Tr.

2 Dev.
I MB. 2 Dev.
8 B<l. 10 common.
llWK.Sal. 12 Sal,

SD. 13SD, Dor.
II Dor. 13 sD. 14

Tr.

6 l>o, Dev. 7 Ed.
9 WK. 10 WK.
11 WK. 13 Nor.

9 WK. 10 to 13 com-
mon.

6 Do. 9 WK. 13 Nor.
14 Tr.
6 Do. 7 Do, Sub, Ha.

8, 9, 10, 11 common.
12 Sal, Ha. 13 Sal,

SD, 14 Tr.

10 WK, Ha. 11 WK.
12 Sal.

10 WK. 14 Tr.

Common from 1 to 5
2 Dev. 3F.
6 passim. 8 common.
6 He, Do, Ha, Wilts.

7 common.
Common in 1 to 4.

IW.

1 MB. 2 Dev, Ch
3 P. 6 Dev. 7IW.

1 Cam.

6 Do.

Common from 8 to 14
7 Sub (rare).

10 Roch.
2 Dsv. 3 F, Hun.

9 Do.
Mar.

2 lior.

10 Ha.
Tr.

BSD.

10 passim, 11
13 Nor. 14 Tr.

13 Nor. 14

0821

9 Sub, SD. 10,
11 passim. 12 Ha,
IW.

IMB.IW. 2DeT, Ch
Dor, 3 Lew. 6 Do,
He, Dev, Cam.

8 Do. 7 Do. 11 Ha,
12 WK.

I l2
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« . F '"='•—

8PECIE3.

tiower
Chalk,

Midae
Chalk. Upper CbiJk.

LocALirrBB

ASD lUtMAKKS.

ECHINODERMATA—Cont.

Echincidea—Cont.

Micraster cortcstudinatium,
GoUf.

„ glyphus, Schliittr -

„ Leskei, Besm.

„ prsecursor, Rowe

NucleoUtes lacunosus, Goldf.

Oifaster pillula, Lam. -

„ spiisericua, Schlii'er

PediDopsis VViesti, Wright -

Feltaetes Bunburyi, Fortes

„ clathratus, Ag.

„ umbrella, Ag.-

„ WUtahirei, Wright-
Phymoioma prineeps. Hay.

iiei Cyphosoma).
Fseudodiadema Benettice,

Forhes.

„ Bonei, Forbes.
(seeKichelini).

„ Brongniarti, Ag.

ri
fragile,WHt. (see

Helicodiadema).

„ Mackiei,
S.P. Woodw.

„ Michelini, Ag.

„ Normanise, Cott,

„ oioatum, Goldf.

„ pseudo-ornatum
Cott.

„ Khodani, Ag.
„ Hoissyi, Desor.

(see variolare).

„ tuinidum, Wiw.
(>eeorDatum).

„ variolare,
Brongn.

Fygurus lampas, de la Beche

_ Pyrina DesmoulinBi, d'Arch.

„ Iffivis, Ag.
„ ovulum, Lam.-
„ Pratti Forbes (see

DesmoullDBi).

Salenia Austeni, Forbes

„ et. Austeni, Forbes

„ Clarkl, Forbes -

„ geomctrica, Ag.

glbba, Ag.

12 IS

8 frequent. 9pasalin.
10M:id,Ha,SD,EE.

11 »ar, Ha. 12 Sua.
7 Do, Ha, Dev. 8
pasaim. 9 WK,
Cam.

8 & 9 common. 10
Do, Sua, SD, Mid.

1 MB. 2 Dev.

10 Sur, Sua, WK, SD.
11 & 12 passim. 13
IW.

3 Lin. Sp, Hun. i
Lin, Sp.

2Ch.
3 F. 1 Do <£ Milden-

hall.

1MB. 3F,IW. 4F.
? 6 Dev.

1 MB. 2 Dev. 3 F,
IW. 4 F.

1 MB. 7 Ha.

1 MB. 2 Dev.

3F.

2 Ch, Dev. 3 F.

2 Dev. 4 F.
3 F. 4 F.
1 MB. 2 Ch, Dev.
3F, Hun,IW. 4F.

4F.

2Ch.

1 MB. 2 Ch, Dev.
S Common. 4 F.

2 Dev.
2 Dev, Ch.
2 Dev.
2 Dev, Ch.

1 MB. 3 F, Be. 4 Nor.
1 IW.

3 F. Sua. IW.
13 IN or, Sal,

2 Dev.
12 8al.

Ha.
2 Dev.
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SPECIES.

Lower
Chalk.

Mid'le
Chajlk.

ECHINODEEMATA—Cont.

Echinoidea—Cont.

Salenia granulosa, Forbes -

„ petalUera, ^^. •

„ magniflca, Wright
„ minima, Ag. •

„ ap.

Stegaster {see Cardiaster). -

Trematopygus sp. nov.

Asteroidea and Crinoidea.

Anledon laticirra, Corp.
„ Lundgreni, Carp. -

,, paradoxa, Goldf. -

„ perforata. Carp. •

„ striata, Carp.
., rugosa, Carp.-

Arlhraster Dixoni, Forbes -

Bourgueticrinua ellipycus,
Miller.

„ sp. nov. -

Calliderma latum, Forbes -

„ moaaicum, Forbes-

„ Smithiee, Forbes -

„ sp.-

Glenotremites (see Antedon).
Goniaster (see Calliderma,
Mettipaster, Nymphaster,
M.itraster and FenCagon-
aster).

Marsupites testudinarius,
Scklotk.

Metopaster Bowerbanki,
Forbes.

„ cingulatua, Sladen
„ corDutua, Sladen •

„ Mantelli, Forbes -

,, Farkinsoni,

semilunatits Park.
(«ee .Mantelli).

sublunatust For^tes
(see uncatus).
uncabuB, Forbes -

Kouatus, Sladen

mi
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Bfeoies.

Lower
Chalk.

ACTINOZOA—Cont.

Coelosmilia,Woodwardi,i)un<;

Diblasua grevenBia, Lonsd. -

„ new Bp. -

Epipbaxum auloporoides,
Lonsd.

Micrabacia coronula, Gold/-

„ sp.

OiichotrochuB Carter!, Ownc.

„ serpenclnuB,
Dune.

FaraBmilia centraKs, Mant.

,, ..var.graveseana,
E.&H.

„ „ var. Maniellj,
E.JcH.

„ cylindrica, £.cC-fl.

„ rittoni, E.&H.-

„ granulata, Dunc-

„ monilis, Du >c. -

„ serpentini.-B.t&fl'.

STmlotroehus elongaLus {see

Bathycyathua).
Spinopora Dixoni, Lonsd.
Siephanopliylli* Bower-

ban Ui, Ji.d'B.

„ Michel ini,Z/o/isfl

„ uumismalia,
Tomes.

Synheliasharpeana, E.AH.

TrochoBmilia ap. 1
ap. 2

HYDKOZOA.

Parkeria spbserica, Carter.

SPONGIDA.

1. Calcareous Sponger,

Elaamostoma conaobrluu-m,
d'0.6.

„ crasauca, Hinde

„ acitulum, Hinde

„ BP-
Fhaietroapongla Strahani,

SoUas

Mid'le
Chalk.

Upper Chalk.

12

Localities

and 31e1iabe8.

10

12

Loc. unknown.

9 WK. 11 WK. 12
Sal. 13 Nor. 14Tr.

1 Cam.

8 Do, Sua. g Do, Sua,
WK. 10 Ha, EK,
Sua. 11 Sub, Mar.

1 paaaim. 2 . 3
paasim. 4 F.

7 Ha.

I Cam.
3 IW, Nor. 4 Nnr.

9 WK. lOEK.WK.
12 Ha. 13 Sal. 14
Tr.

6Do,Dev. 7Do,Der.
8 to 13 common.

10 EK. 11 Mar. 12
Sil.

10 EK. 12 Sal. 11 Sal.

10 tK. 13 Nor.
II Mar, Sua. 12 Sua.

S.D. 13 Nor.
10 EK. 11 Mar. 12

Sua.

11 WK, Yo.
10 Sal. 11 WK.

9 WK. 11 Sal. 12 Sal.

L.C., Dover.

10 EK. 11 Mar. 13 SD.
12 Sal.

10 Sur. and Kent.

13

IIW. 3IW.
13 IW. 14 Tr.

1 Cam. 2 WD.

1 MB, IW. 2 Dev.

Up. Chalk, Bromley.
9 Sua. 10 WK. Up.

Chalk, Kent.
2 Dev.
1 Cam. 7 Do. 8 Do.

Bus. 9 to 12 com-
mon. 13 SD.
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SPECIES.

Lower
Cbalk.

Uldle
Chalk.

Upper Chalk.

la

9
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)14 THE CRETACEOUS ROCKS OF BRITAIN.

-SPECIES.

Lower
Chalk.

Midle
Chalk.

Dpper Chalk.

10

LOCALITIES

AKS IlElfABXS.

FOBAMINIFERA—Cont.

Haplophragmium nauum,
Brady.

,
nonioninoides,

Reuse.

,
OTatum,
Hag.

„ sp. DOV. 1

„ sp. nov. 2

„ sp. nov. 3

Lagena acuticoata, Remt
„ apiculata, Reusa

„ gracillima, Seguema.
„ glohosa, Montf.
„ hlsplda, Reuse
„ IceviB, MimtagM
„ marginata, W. and

Boys.

,, sulcata, Tf. on(!.7ac.

„ Btriatopunctata,
Par. cmd Jon.

„ striata, W. and Boys
Lingulina carinata, d'Orb. -

Lituola ovata, Marsson
„ nautiloides, Vef.

„ placentula, Chap.
Marginulina (Bqnlvooa,iie«8«

„ debilis, Berth. -

„ eloogata, d'Ort.

„ "glabra, d'Orft. -

„ hamulus, Chap.
„ in8equalls,iieu8S

„ Jonesi, Reuss •

„ linearis, Reuss
„ Munieri, Berth.

,,
robusta, Reuss

,, aoluta, i?eu88 -

,, striaticostata,
Reuss

„ trilobata, d'Orh.

Miliolina agglutinans, d'Ori.

,, Feruasaci, d'Orft.

-

„ oblonga, Montf. .,

„ seminulum, Linn.

„ tricarinata, d'Orb.

„ trigonula^am. -

,, venusta, Ka/rrer. -

„ sp. nov. (near alve-

olinitormis, Brady)
„ sp. nov. (between

alveolinilormia
and agglutinans

Nodosaria aculeata, d'Orb.

„ (D.) communis, (!'0r6.

conaobrina, d'Orb.

cylindracea, Reuss
expanaa, Reusn -

3 r. 4 Hun, Yo.

1MB. SF, Cam.Yo.
4? Do.

Sub.

SF.
4Yo.
5 Do.
Wilts.
lCam.3I',Bd. 4 Do.
Cam.
12 Bk, Nor.
Do.
Cam.
ICam.

3 Bd. 12 Bk.
Bk.

He.
? 10 Bk.
13 Nov. 14 Tr.

1 Cam. 4 Y.
1 Cam. 8 Sua.

Sua.
Bk.
1 Cam, IW. 3F, Bd.

12 Bk. 14 Nor.
Cam.

1 Cam. 3 F, Bd.
Cam.
Bd.
3 F. 4 Nor.
Cam.
1 Cam. 3 F. 4 Dor.

Nor.
Yo.
Cam.
Bk.
Sua.
Cam.
Bk.
1 Cam. S Bd, Cam
3 Bd. 4 He.

Dor.

Bk. • ,

1 Cam. 3 F, Bd,

Cam. 6 Do. 8 Sua

He. 13 Bk.
ICam. 3Bd. 4 Dor

6 Do. 8 Sua. 10 He.

11 Dor. 12 Bk. 13

Nor. 14 Tr.

Cam.
Cam.
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SPECIES.

FOEAMINHfLEA—Cont.

rieui'uBtonxella eubnodOBai
Beusn

„ sp. nov.
Folvmorphina acvuninata,

cCOrb.

„ communis,
d'Orb

„ fnsiformis,
B«mer.

„ ,, var. horrida,
Reuss.

„ ,, var. acupla-
centa, J. &
Chap.

„ gibba, d'Orh.

„ ,, var. acupla-
centa, J
& Chap.

„ gutta, d'Orb.
var. difFiiaa,

J. dc Ch.

„ lactea, W. amS, J.

„ „ var. acupla-
centa, J. sX^h,

.„ rotundata,
Bom.

„ sororia, Beuts
„ „ var. cuspi-

. data, Brady
FuUenia sphteroidea, d'Orb.

„ quinqueloba,
Beuss.

Pulvinulina elegans, d'Orb. •

,, llaidingeri.
iOrb.

„ Earsteni, Beitss-

„ micheliniana,
d'Orb.

,,
punctulata,

d'Orb.

,
repanda, Hchet
and Mol.

„ „' var. concame-
rata, Mont.

Kamulina aculeata, d'Orb.

globulifera,

„ lifivis, Jo7ies

Be iphax oyllndrica. Chap. -

„ fusiformis. Will. -

„ folkBtonienBiB,
Chap.

., noduloBa, Brady -

„ BiibrpiuruB, Mont/.
„ ap. nov. 1

„ ap. nov. 8

,, Bp. nov. S

tower
Chalk.

Hid'lfi

Chalk.
Upper Clialk,E.
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SPECIES.

Lower
Chalk.

Mldle
Chalk.

TTppet Chalk.

U

LOCALITIKP

AND SiBHAEES.

PORAMINIEERA.—Cont.

extularia quadiilatera,
Sehw.

„ sagittula, Defr.

senata, Chap.
trochus, d'Orb.

turris, d'Orb.

„ sp. nov., or dis-

torted.
Trilooulina (ur. tricarlnata,

d'Orb.)

Tritaxia foveolata,iffarsso?i-

„ miuuta, Marsson -

„ pyramidata, Meuss -

„ trlcariuata, Reuss -

„ sp. uov. -

Trocliammina concava,
Chap.

„ sp. nov. 1 -

,, sp. nov. 2 -

Truncatuliiia akneriana,
d'Orb.

,,
culter ? P.d:J.

„ lobatula,De/r.

(Marsson's figure)

refulgens,
Montf.

ungeriaua, d'Orb.

,,
variabilis,

d'Orb.

Uvigeriua canariensis, d'Orb.
Vaginulinaaequivooa, Reuss

„ arguta, R&uss -

„ Bioohei, Berth.

„ costulata, ReusS'
„ comitina, Berth.

„ legumen, JAnn.-

,, sbriolata, Reuss
,, recta, Reuss-

„ var. tenui-
striata, Chap.
truncata, Revss,

10

10 11

10

13

13 14

Bk.

1 Cam. 4 Dor. 9 Dor.
10 WK. 12 Bk. 14
Tr.

Bk.
1, 3, 4, 5 comnron. i

Sus. 9 Yo. 10 Kent.
12 Bk. 13 Nor.

Common in 1, 3, 4, 6,

6,7 and 8. 9Do,Yo,
10 WK, Do, He. 11
Sus. 12 W. 13 Nor.

3 Cam. i Nor.

1 Cam.

8 Sus. 13 Nor.
8 He. 10 Kent, He,
Nor.

Common in 1 and 3.

4 Dor, He. 8 Sua.

1 MB, Cam, Dor,IW. 3
common. 4 Do, Dor,
He. 6 He, Do. 7 He.
3 Sus. Do, He. 9 Yo.
11 Dor. 12 Bk. 13
Nor.

12 NW.
3F,Hun. 4Hun.6Yo.

3 Yo. 4 Hun.-
4Yo.
4 He. 6 He.

He.
3 Bd.Cam. 4Yo. 6 He.

6 He. 7 He. 8 Yo. 10
vNor. 11 Kent. 12

Bk. 13 Dor. 14 It.

14 Tr.

Dor.

I IW. 4 Ed. 6 Do. 6

He. 8Yo. 9 Dor.

Common in 10, 11,

12. 13 Nor. 14 Nor.

10 Do. 12 Bk.

II Bk.
3Bd.
ICam. 3Bd. 4 He.
Cam.
1 Cam.
Cam.
10 WK. 14 Tr.

Cam.
1 Cam, Nor. 3 F, Bd,

Cam. 4 Dor, Do.

6 Do. 7 Do. 8 Sua.

Cam.

1 Cam, Nor. SF, Bd.
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APPENDIX II. —BIBLIOGRAPHY.

Catalogue of Publications eefeeeing to the Eocks and Fossils of
THE Upper Ceetaceous Seeies of England.

1. Publications of the Geological Survey.

A.

—

Memoirs.

Cretaceous Kocks of Beitain, Vol I. The Gault and Upper Greensand,
1901. Vol. II. The Lower- and Middle Chalk, 1903. ByA. J. Jukes-
Browne, with contributions by W. Hill.

Attleboeough, Watton, and Wymondham. The Geology of the Country
around. Explanation of Quarter-sheet 66 S.W. By F. J. Bennett
1884.

Beekshire and Hampshire. Geology of Parts of. Expl. of Sheet 12.

By H. W. Bristow and W. Whitaker. 1862.

Beekshiee. The Water Supply of, from underground sources. By J.

H. Blake, with contributions by W. Whitaker. 1900.

BuEY St. Edmunds and Newmarket. Geology of the Country between.
Expl. of Quarter-sheet 51 S.E. By F. J. Bennett and J. H. Blake.

1886.

Cambridge. Geology of the Neighbourhood of. Expl. of Quartersheet

51 S.W. with parts of 51 N.W. By W. H. Penning and A. J.

Jukes-Browne. 1881.

Cambridgeshire and Suffolk. The Geology of Parts of. Expl. of

Quarter-sheet 51 N.E. and part of 51 N.W. By W. Whitaker, H. B.

Woodward, F. J. Bennett, S. B. J. Skertchly, and A. J. Jukes-Browne.
1891.

Cambeidgeshiee, Noetheen. (See Noefolk.)
Chichester. Geology of the Country around. By C. Reid and G. W.

Lamplugh. 1903.

Cornwall, Devon, and West Someeset. Report on the Geology of. By
Sir H. De la Beche. 1839.

Ceombe. Geology of the Country around. Expl. of Sheet 68 E. By
Clement Reid. 1882.

Deeeham, East. The Geology of the Country around. Expl. of Quarter-

sheet 66 N.W. By J. H. Blake ;
parts by H. B. Woodward and F. ,].

Bennett. 1888.

Diss, Eye, Botesdalb, and Ixworth. Geology of the Country around.

Expl. of Quarter-sheet 50 N.W. By F. J. Bennett. 1884.

Dorchester. The Geology of the Country around. Expl. of Sheet 328.

New Series. By Clement Reid (with notes by A. J. Jukes-Browne).

1899.

Driffield. The Geology of the Country around. Expl. of Quarter-

sheet 94 N.W. By J, R. Dakyns and V. Fox-Strangways. 1886.

Eastbouenb. Geology of the Country around. Expl. of Sheet 334.

New Series. By Clement Reid. 1898.

Essex and Herts. Geology of Parts of. Expl. of Sheet 47. By W.
Whitaker, W. H. Penning, W. H. Dalton, and F. J. Bennett. 1878.

Fakenham, Wells, and Holt. Geology of the Country around. Expl.

of Quarter-sheets 68 N.W. and S.W. By H. B. Woodward. 1884.
Folkestone and Rye. Geology of the Country between. Expl. of Sheet

4, By F. Drew. 1864.
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Isle of Wight. The Geology of. By H. W. Bristow. Second Edition

revised and enlarged by Clement Reid and A. Strahan. 1889.

Lincoln. The Geology of the Country around. Expl. of Sheet 83. By
W. A. E. Ussher, A. J. Jukes-Browne, and A. Strahan. 1888.

Lincolnshire, East. The Geology of. Expl. of Sheet 84 (Louth, Alford,

and Spilsby). By A. J. Jukes-Browne. 1887.

Lincolnshiee, North and South Yorkshire. The Geology of Parts of.

Expl. of Sheet 86. By W. A. E. Ussher (parts by A. C.'G. Cameron,
C. Fox-Strangways, C. Rcid, and A. J. Jukes-Browne). 1890.

London Basin. The Geology of the. Being Volume IV. of the General

Memoirs. By W. Whitaker. 187-2.

London and Neighbourhood. Guide to the Geology of. By W. Whitaker.
6th edition. 1902.

London and Parts of the Thames Valley. The Geology of. Expl. of

Sheets 1, 2, and 7. By W. Whitaker. 1889.

Vol. I. Descriptive Geology.

Vol. II. Appendices—well sections, borings, &c.

Middlesex, (fee. Geology of Parts of. Expl. of Sheet 7. By^W. Whitaker.
1864.

Norfolk. South-Western, and Northern Cambridgeshire. The Geology
of. Expl. of Sheet 65. By W. Whitaker, S. B. J. Skertchly, and
A. J. Jukes-Browne. 1893.

Norwich. Geology of the Neighbourhood of. Expl. of Quarter-sheets

66 N.E. and S.E. By H. B. Woodward. 1881.

Oxpordshiee and Berkshire. Geology of Parts of. Expl. of Sheet 13.

By E. Hull and W. Whitaker. 1861.

PuRBECK, Isle of, and Weymouth. The Geology of. Expl. of Sheets

341, 342, 343, New Series. By A. Strahan. 1898.

Salisbury. Geology of the Country arround. By C. Reid, with notes by
H. B. Woodward, F. J. Bennett, and A. J. Jukes-Browne. 1903

Scarborough. Geology of the Oolitic and Cretaceous Rocks south of.

Expl. of Sheet 95 (S.W. and S.E.). By C. Fox-Strangways. 1880.

SouthamIpton. Geology of the Country around. By Clement Reid
Exp. of Sheet 315, new series. 1902.

Stowmarket. Geology of the Neighbourhood of. Expl. of Quarter-
sheet 50 S.W. By W. Whitaker, F. J. Bennett, and J. H. Blake.

1881.

Suffolk. Geology of Part of. (See Cambridgeshire.)

Sussex. The Water Supply of, from underground Sources. By W.
Whitaker and Clement Reid. 1898.

Wash. Geology of the Borders of the. (Boston, Lynn, and Hunstanton.)
Expl. of Sheet 69. By W. Whitaker and A. J. Jukes-Browne. 1898.

Weald. The Geology of the. Including parts of the counties of Kent,
Surrey, Sussex, and Hants. By W. Topley. 1875.

Wiltshire and Gloucesteeshirb. Geology of Parts of. Expl. of Sheet 34.
By Sir A. C. Ramsay, W. T. AveUne, and E. Hull. 1858.

York and Hull. The Geology of the Country between. Expl. of

Quarter-sheets 93 S.E. and 94 S.W., and part of Sheet 86. By J. R.
bakyns, C. Fox-Strangways, and A. C. G. Cameron. 1886.

York (N.E. of) and Malton (S. of). The Geology of the Country. Expl.
of Quarter-sheet 93 N.E. By C. Fox-Strangways. 1894.

Catalogue of the Cretaceous Fossils in the Museum of Practical Geology.
By E. T. Newton. 1878.

Figures and Descriptions op British Organic Remains. Decades l,

3 and 4, by Prof. E. Forbes; Decade 5, by Prof. Forbes, Dr. S. P.
Woodward, and J. W. Salter ; and Decade 12 (Fishes) by Prof. T. H
Huxley. 1849-1866.

Monograph. No. IV. The Chimaeroid Fishes of the British Cretaceous
Strata. By E. T. Newton. 1878.
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B. Maps.

One Inch Scale; Old Series.

1. S.E. Langdon Hill, Gravesend, Eayleigh, &c. 1868.
1. S.W. East London, Woolwich, Dartford, <fec. 1868.
2. Sheerness, Shoeburyness, &c. 1868.
3. Canterbury, Ashford, Margate, Ramsgate, and Dover. 1868.
4. Country between Folkestone and Rye. 1863.
5. Hastings, Eastbourne, Hailsham, Lewes, Seaford, &c. 1864. New

edition, 1893.

6. Bromley, Chatham, Maidstone, Tonbridge, &c. 1864, revised to 1889.
7. West of London, Windsor, Wendover, High Wycombe, &c. 1861,

revised to 1872.
8. Croydon, Reigate, Dorking, Guildford, Farnham, &c. 1862, revised

to 1868.
9. Brighton, Chichester, Horsham, Haslemere, &c. 1864. New edition

1893.
10. Isle of-Wight, 1856 (withdrawn). See New Series 330, &c., 1893.
11. Winchester, Southampton, Portsmouth, Petersfield, &c. 1858.
12. Newbury, Andover, Basingstoke, Alton, &c. 1860.
13. Oxford, Reading, Wantage, Lambourn, Thame, Henley, &c, 1860.
14. Marlborough, Amesbury, Westbury, Devizes, Warminster, &c. 1857,

revised to 1859.

15. Salisbury, Blandford, Shaftesbury, Cranborne, &c. 1856.

16. Coast of Dorset from Hurst Castle to Lulworth. 1856.
17. Dorchester, Weymouth, and Bridport. 1850, revised to 1855.

18. Crewkerne, Beaminster, Sherborne, Yeovil, Cerne Abbas, and Win-
canton. 1850, revised to 1875.

19. Bath, Frome, Wells, Mere, &c. 1845, revised to 1873.

21. Taunton, Tiverton, Honiton, Chard, &c.

22. Coast of Devon from Lyme Regis to Torbay, Exeter, &c.

34. Stroud, Cirencester, Calne, Swindon, and Marlborough Downs.
1857, revised to 1859.

46. N.E. Hitchin, Biggleswade, &c. 1869, revised to 1891.

46. S.E. Hatfield, Luton, Stevenage, &c. 1867.

46. N.W. Newport Pagnell, Winslow, Woburn, &c. 1864.

46. S.W. Aylesbury, Tring, Dunstable, &c. 1865.

47. Hertford, Bishopstortford, Sudbury, Braintree, &c. 1881.

50. S.W. Lavenham, Stowmarket, &c. 1881.

50. N.W. Ixworth, Botesdale, Diss, and Eye. 1882.

50. N.E. Harleston, Halesworth, &c. 1883.
51.' S.W. Country round Cambridge. 1881.

51. N.W. Ely, St. Ives, &c. 1882.

51. S.E. Newmarket, Bury St. Edmunds, &c. 1882.

51. N.E. Milden.hall,Culford,andThetford. 1883.

66. S.W. AttlelJorough, Watton, and Wymondham, 1884.

66. N.W. East Dereham, Litcham, &c. 1885.

68. E. Norfolk coast by Sherringham, Cromer, Mundesley, &c. 1883,

68. S.W. Holt, Fakenham, Wells, &c. 1885.

68. N.W. Norfolk coast from Weybourn to Wells, 1883.

69. The Wash, Boston, Hunstanton, Docking, &c. 1886.

83. Lincoln, Market Rasen, Horncastle, &c. 1886.

84. Alford, Spilsby, and Louth and East Coast. 1884.

86. Caistor, Hull, and Humber Estuary. 1888.

94. S.W. Beverley, Market Weighton, &c. 1884.

94. N.W. Driffield, Fimber, &c. 1884.

94. N.E. Bridlington. 1882.

95. S.E. Speeton and Flamborough Head. 1881.
95. S.W. Filey, Scarborough, &c. 1881.
Large Sheet, " London and its Environs," 1873.
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One Inch Scale. New Series.

267. Newbury. 1898.
268. Beading. 1898.

282. Devizes. 1899.

483. Aadover. 1898.

284. Basingstoke. 1897.

298. Salisbury. ]901.

299. Winchester. 1896.

300. New Alresford. 1898.
314. Bingwood. 1902.

315. Southampton. 1899.

316. Havant. 1900.

317. Chichester. 1902.

328. Dorchester. 1898.

329. Bournemouth. 1895,

330. Parts of New Forest and N .W. of Isle of Wight. 1893.

331. Portsmouth and N.E. part of Isle of Wight. 1893.

334. Newhaven and Eastbourne. 1893.

330. 331, 344, 345. Isle of Wight with mainland. Second edition, 189;i

339. Newton Abbot. 1902.

341. Dorset coast, Langton Herring, 1895.

342. Portland, Weymouth, Lulworth. 1896.

343.. Swanage and Corfe. 1895.

G.—Horizontal Sections, on a scale of 6 inches to a mile.

* Those marked thus have brief explanations.

16. No. 1. From Mere, in Wilts, to Vobster, in Somerset. 1845.

Bevisedtol871.
19. From Knighton Heath (Dorset) to near Honiton (Devon). 1851.

20. From Portland Bill to near Castle Gary (Somerset). 1852.

21. From the sea at Golden Cap (Dorset) to the Biver Brue, south of

Glastonbury Tor (Somerset). 1852, revised to 1873.

•Zi. No. 2. From the Coast near Lulworth to Cadbury Castle (Somerset).

56. Sections through South Dorset from the coast. 1859.
*59. From Marlborough Downs across the Cotteswolds to the Biver Avon.

1860.
*71. From Nettlebed Hill (Oxon) to Burton Dassett Hills (Warwick).

1867.

*72. No. 2. From Lambourn Downs (Berkshire) to Kencott (Gloucester
shire). 1867.

73. From Selsea Bill (Sussex) to Chobham Bidges (Surrey). 1868.
74. From Chobham Bidges (Surrey) to Bishopstone (Bucks). 1868.
75. From near Worthing (Sussex) to Hampton (Middlesex). 1867.
76. From near Brighton to the North Downs near Merstham. 1867.
77. From west of Newhaven Harbour (Sussex) to Knole Park and the

North Downs of Kent. 1867.

78. From near Beachy Head to near Boxley, N.E. of Maidstone. 1867.
79. Across the London Basin, from Beddington (Surrey) through London

to near Hemel Hempstead (Herts). 1868.

80. From near Gosport (Hampshire) through Berkshire, Oxfordshire,
and Warwickshire to Tamworth in Staffordshire. 1870.

81. From near Gosport (Hampshire) to White Hill near Kingsclere, and
from White HiU to near Pinsley Wood in Oxfordshire. 1870.

84. From Boxley (Kent) to the Biver Chelmer (Essex). 1871.

120. From near Famingham (Kent) to Widford (Essex). 1871.

121. Across Hertfordshire and Bedfordshire to near Kimbolton, 1878.
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125. From near Dunstable (Beds) by Woburn to Mears Ashby. 1881.
126. From the river Chelmer (Essex) to Cambridge and Madingley. 1882.

*127. The Norfolk Cliffs from Happisburgh to Weybourn. 1882.
*139. Section along the Western Escarpment of the Yorkshire Wolds

;

illustrating the overstep of the Cretaceous Eocks. 1884.

General List of Works in which English Upper
Cretaceous Bocks are described.

N.B.—Of works published before 1800, only a few of the more important
publications are mentioned. Papers on Water supply are not included.

1628.
VERSTEGAN, R. A RestitutioA of Decayed Intelligence in Antiquities

concerning the most noble and renowned English Nation. 4to.

London. Other editions in ? 1634 and 1723.

1728.

WOODWARD, DR. J. Fossils of all kinds, Digested into a Method,
suitable to their mutual Relation and Affinity. 8vo. London.

1729.

WOODWARD, DR. J. An Attempt towards a Natural History of the

Fossils of England in a Catalogue of the English Fossils in the Col-

lection of J. Woodward, M.D. 8vo. London.

1743.

PACKE, DR. C. A Philosophico-Chorographical Chart of East Kent
(wherein are described the Vallies .... Hills .... Ail-

iDourns, and Rivers, Springs .... Quarries, Gravel, Sand, and
Chalk Pits, Minerals, Soils). Canterbury.

1753.

KALM, P. En Resa til Norra America. Tom I. Stockholm. A trans-

lation into English made by Mr. Joseph Lucas and pubUshed in

London, 1892.

1789.

WHITE, REV. G. The Natural History of Selborne. 4to. London. Many
subsequent editions.

1801.

PENNANT, T. A Journey from London to the Isle of Wight. 2 vols.

4to. London.
1802.

ENGLEFIELD, SIR H. C. Observations on some remarkable Strata

of Flint in a Chalk-pit in the Isle of Wight. Trans. Linn. Soc, Vol. VI.,

pp. 103, 308.
1804r-1811.

PARKINSON, J. Organic Remains of a former World. A.n examina-

tion of the mineralized remains of the vegetables and animals of the

antediluvian world generally termed extraneous fossils. 3 Vols,

and plates. 4to. London.

1806.
,

FAREY, J. On the Stratification of England, &c. Phil. Mag., Vol.

XXV., p. 44.

1808.

ALBIN, J. Vectiana, or a Companion to the Isle of Wight. Seventh

edition. 12mo. London. (Twelfth edition, 1831.)
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1809.
COOKE, W. A New Picture of the Isle of Wight, illustrated with 36

plates, and a voyage round the coast. 8vo and 4to. London.
(Second edition, Southampton, 1813.)

1810.

VANCOUVER, C. General View of the Agriculture of Hampshire,
including the Isle of Wight [Map and Account of Soils and Minerals].

8vo. London. (Another edition in 1813.)

1811.

BERGER, DR. J. F. A Sketch of the Geology of some parts of Hamp-
shire and Dorsetshire. 'Trans. Geol. Soc. Vol. I., p. 249.

DE LUC, J. A. Geological Travels. Translated from the French M.S.

8vo. London.
1812.

MIDDLETON, J. OutUnes of the Mineral Strata of Great Britain.

Monthly Mag., Vol. XXXIV., No. 232, p. 198.

1812-1815. !^
SOWERBY. J. The Mineral Conchology of Great Britain. Vol. I. 8vo.

London.
1813.

TOWNSEND, REV. J. The Character of Moses established for veracity

as an Historian. Recording Events from the Creation to the Deluge.

[Describes Chalk and Greensand in Wiltshire.] 4to. Bath and
London.

1814.

MANNING, REV. O., and W. BRAY. History and Antiquities of the

County of Surrey. Vol. III. Folio. London. With an Appendix
" Of the Mineralogy of Surrey," by J. Middleton.

THOMSON, DR. J. A Vein of fibrous limestone in Chalk. Ann. of

Phil. Vol. IV., p. 155.

WEBSTER, T. On some new varieties of Fossil Alcyonia. Trans. Geol.

Soc., Vol. III., p. 377. Pis. 27-30.

1815.

MANTELL, DR. G. A. Description of a Fossil Alcyonium from the Chalk
Strata near Lewes. Trans. Lin. Soc, Vol. XL, p. 401.

SMITH, W. A Memoir to the Map and Delineation of the Strata of

England and Wales. 4to. London.
SMITH, W. A Map of England and Wales.

1816.

BOGG, E. A Sketch of the Geology of the Lincolnshire Wolds. Trans.
Geol. Soc, Vol. III., p. 392.

ENGLEFIELD, SIR H. C. and T. WEBSTER. A Description of the
Principal Picturesque Beauties, Antiquities and Geological Pheno-
mena of the Isle of Wight. With Additional Observations on the
Strata of the Island, and their continuation in the adjacent parts of

Dorsetshire, by Th. Webster. Folio. London.

HAILSTONE, REV. PROF. J. OutUnes of the Geology of Cambridge-
shire. Trans. Geol. Soc, Vol. III., p. 243.

SMITH, W. Strata identified by Organised Fossils. 4to. London.

1816-1818.

SOWERBY, .1. The Mineral Conchology of Great Britain. Vol. II. 8vo.
London.

1817.

BUCKLAND, REV. PROF. W. Description of the Paramoudra, a
singular fossil body that is found in the Chalk of the north of Ireland,

with some general observations upon flints in Chalk, &c. Trans-
Geol. Soc, Vol. IV., p. 413.
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SMITH, W. Stratigraphical System of Organised Fossils witli reference

to the specimens of the Original Qeological Collection in the British

Museum. 4to. London.
1818.

PHILLIPS, W. A Selection of Facts from the best authorities arranged
so as to form an outline of the Geology of England and Wales. [Original

Account'of the Chalkjcliffs of Kent.] 12mo. Lo-yidor..

MANTELL, 'DE. G. A. A Sketch of the Geological Structure of the

South-eastern part of Sussex. Gleaners Portfolio, or Provincial

, Magazine, Lewes, p. 8.

1819.

SMITH, W. Geological Map of Berkshire.

,, ,, Kent.

„ „ Surrey.

„ „ Sussex.

„ „ Wiltshire.

„ „ Norfolk.

SMITH, W. Geological View and Section of the Country from London
to Brighton, through Lewes.

Geological View and Section in Essex and Hertfordshire and of

the Country between London and Cambridgeshire.

1819-1821.

SOWEEBY, J. The Mineral Conchology of Great Britain. Vol. Id.

Svo. London.
1820.

SMITH, W. Geological Map of Bedfordshire.

„ Buckinghamshire.

,, Oxfordshire.

,, „ Yorkshire.

1821.

HAUMEE, E. Letter describing the Tottenhoe Stone. Ann. of Phil.

PARKINSON, J. Eemarks on the Fossils collected by Mr. Phillips near

Dover and Folkestone. Trans. Geol. Soc, Vol. V., p. 52.

PHILLIPS, W. Eemarks on the Chalk Cliffs in the neighbourhood of

Dover, and on the blue Marl covering the Greensand near Folkestone.

Tram. Geol. Soc, Vol. V., p. 16.

SMITH, W. Geological Map of Lincolnshire.

WEBSTEE, T. On the Geognostical situation of the Eeygate Stone and

of the Fuller's Earth at Nutfield. Trans. Geol. Soc, Vol. V., p. 353.

1822.

CONYBEAEE, EEV. J. J. On Silicious Petrifactions imbedded in Cal-

careous Eock. Ann. of Phil., Ser. 2. Vol. IV., p. 335.

CONYBEAEE, EEV. W. D., and PHILLIPS, W. Outlines of the Geology

of England and Wales? Svo. London.

MANTELL, DE. G. A. The Fossils of the South Downs, or Illustrations

of the Geology of Sussex. 4to. London.

SAEGENT, F. Notice on Fuller's Earth found in Chalk in Sussex.

Trans. Geol. Soc, fcier. 2, Vol. I., p. 168.

SEDGWICK, PEOF. A. On the Geology of tlje Isle of Wight. Ann.

of Phil., Ser. 2, Vol. III., p. 329,

SOWEEBY, J. On a fossil shell of a fibrous structure, the_ fragments

of which occur abundantly in the Chalk Strata and in the flints accom-

panying it. Trans. Linn. Soc, Vol. XIII., p. 453.

The Mineral Conchology of Great Britain, Vol. IV. Svo.

London. (1822-1823.)
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and Suffolk, and on the fossils by which they are accompanied. Phil.

Mag., Vol. LXL, p. 374.

WEBSTER, T. Observations on a Comparison between the beds below the
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and other valleys by the elevation of the strata that enclose them

;

and on the evidences of the original continuity of the basins of London

and Hampshire. Trans. Geol. Soc, Ser. 2, Vol. II., p. 119. (Read

in 1825.)

DE LA BECHE, SIR H. On the Chalk and Greensand in the vicinity of
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FEATHERSTONHAUGH, G. W. Account of an excavation in the

Chalk at Norwich. Proc. Geol. Soc, Vol. I., p. 35.
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Bacvlites bohemicus, 14.

Faujasi, 16.

Baldock, 428.

Ballard Point, 98, 319.

Balsham, 237.

Banham, 257.

Barford, 76, 310, 314, 344.

Barking (Suffolk), 246.

Barkway, 235.

Barley, 237.

Barrois, Prof. C, 3, 4, 6, 9, 10, 11, 28,

34, 36, 38, 40, 50, 57, 59-64, 70,

74, 77, 87, 90-94, 97-99, 101, 106,

109, 111, 112, 122, 136, 147, 150,

183, 187, 188, 215, 217, 245, 249,

254, 256, 264, 275, 276, 280, 284-288,

290-293, 356, 362, 398, 399, 459.

Basildon, 207.

Basingstoke, 187.

Bassett, H., 390.

Bathymetrical conditions, 361.

Bats Head, 104.

Beachy Head, 30, 33.

Beauvais, 292.

Beauval, 294.

Bedfordshire, 223, 391.

Bedhampton, 59.

Bedwell, F. A., 135, 144, 147, 148.

Beeding, 50.

Beer cliffs, 129-131.

Head, 130, 379.

Stone, 379.

Bdemnitdla lancedaia, 16.

mucronata, 16, 22.

Bell-pits, 391.

Bdemnostomus cindus, 14.

Belvidere, 156.

Bekesboume, 150.

Bennett, F. J., 72, 73, 74, 77,184, 193-

195, 197,199, 201, 245, 253, 257.

Berkhampstead, 224.

Berkshire, 193, 201,205,218, 395,411,

Berry, R. A., 389.

Beverley, 280, 282, 285.

Billingford, 258.

Bintree, 258.

Bircham, 254, 315.

Birling Gap, 35.

Bisham, 218.

Bishops Cannings, 195.

Down, 80, 356.

Stortford, 246.

Waltham, 62.

Blaokmore, Dr. H. P., 4, 10, 12, 70,

71, 77, 78, 80-83, 335, 447, 459.

Blake, Rev. 3. F., 275-278, 283, 288.

J. H., 241, 245, 246, 256-258.
Blanc-nez, Cap., 290,
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Blaudford, 120, 310, 311, 314, 318,

326, 327, 330.

Bledlow, 210.

Bl^r^-la-croix, 363.

Blue BeU ffiU, 158.

Boreham Down, 71, 72, 316.

Bores Hole, 169.

Boring at Belvidere, 156.

Chatham, 156.

Cheshunt, 223.

Combs, 235.

Diss, 245.

Brith Marsh, 156.

Holkham Hall, 251.

Hornsea, 278.

Marlborough, 198.

Mitcham, 438.

Mundesley, 251, 263.

Norwich, 251.

Stowmarket, 235.

Stutton, 235.

Thames Haven, 437.

Ware, 223.

Watford, 223.

Winkfield, 207.

Borings through chalk, 435.

Borstal, 160, 168.

Bosley, 158.

Boswell, 271, 272.

Botesdale, 244.

Botley Hill, 195.

Boughton, 158.

Boulder-clay cover, 421, 435.

Bourgeticrinus dlipticiis, 20.

Bournes, 431.

Bourne End, 433.

Bourne Valley, 184, 190.

Boxmoor, 227, 355.

Braohiopoda, 18.

Brady, Dr., 332, 371.

Bradford Peveril, 111.

Bramford, 246.

Brandon, 241, 243, 385, 386.

Bridgeham, 257.

Bridlington, 284, 288, 331, 334, 346.

Brighton, 38.

Bristow, H. W., 384, 393, 415.

Britford, 81, 331.

Brixton Down, 90.

Broadstairs chalk, 1, 135.

Broom Heath, 304.

Brook, 93.

BrufE, P., 235.

Brydone, E. M., 2, 52, 59, 01. 64, 87,

183, 187, 190, 246, 260-204, 375,

459.

Bryozoa, 18, 307, 318, 347, 370.

Buckinghamshire, 205, 210.

Building materials, 379,

Buroombe, 77.

Bnrghelere, 184, 187, 189,

Burham quarries, 168, 169,

Burnet, A., 272, 273, 274.

Burnham (Bucks), 220.

(Linos), 275.

Overy, 256.

Thorpe, 256.

Burpham, 53.

Bushey, 223, 232, 233.

Busk, G., 370.

Bury St Edmunds, 240.

Cadeby, 274, 360.

Cadley, 199.

Cambresis, 291.

Cambridgeshire, 235, 255, 388, 389.

Oameroaporigia campanidata, 17, 20.

svhrotunda, 22.

Camp Down, 71, 78.

Campanien, 300.

Canterbury Hole, 141.

Cardiaster ananchytis, 20.

Cardita cancdlata, 16.

Carisbrook, 90, 91, 94.

Carleton Grange, 237.

Caryophyllia cylindracea, 20.

Castle Acre, 256.

Caterham, 431, 432.

Cattistock, 118.

Caversham, 217.

Cayeux, L., 291, 336, 347, 370.

Cement, making of, 387.

CepJialites Benettioe, 22.

-perforatus, 22.

Cephalopoda, 14.

Cephalopod zones, 300.

CeritMum Saunderd, 16.

Ceriopora polymorpha, 18.

Cerne, 118.

Chalcedony, 312, 325.

Chalk, as a land dressing, 391.

chemical composition of, 354.

finest part of, 343.

structure of Upper, 302.

Chalk Downs, 402.

Chalk Rock, 6, 46, 70, 71, 109, 116-

119, 126, 128, 184, 193, 194, 201.

205, 208, 302, 394.

Champagne, Ghalk of, 293.

Chapel Rock, 127, 128.

Chapman, P., 308, 309, 318, 324, 328,

329, 332, 337, 340, 367, 371, 372,

375, 376, 460.

Chard, 126, 397.

Charisworth House, 121.

Charminster, 111.

Chartres, 299.
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Caiatham, 155, 156, 162-164, 168, 816,
404.

Chaumont-Porcien, 293.

Chelmsford, 437.

Chemical composition of chalk, 354.
Results, summary of, 344.

Chenonceaux, 363.

Chequers Park, 412.

Cheshunt, boring at, 223.

Chesterford, 237.

Cheveley, 238.

Chilton, 202.

Chiltem Hills, 411, 414.

Chinham, l89, 190.

Chinnor Hill, 209.

Chiselhurst, 167.

Chum Hill, 203.

Cidaria, species of, 20.

Sorigneti, 456.

Cimolioaaurua Bemardi, 14.

Ciply, phosphatic chalk of, 400.

Clanfield, 59.

Clarendon, 82.
" Clay-covers," 421.

aay-with-flints, 423.

Clayden, Prof. A. W., 132.

Claydon, 246.

aearbury Hill, 79.

Clenston, 117.

aey Hill, 71.

Cliffe, 166, 168, 358.

aothaU. 226.

Cocking, 405.

Cockpit Head, 103.

Coddenham, 246.

GcdosmUia, species of, 20.

Cdnloptychium agaricoides, 22.

Combs, boring at, 235.

Combe Beacon, 126.

Combe Keynes, 108.

Comparative sections of Upper Chalk,

446.

Composition of Upper Chalk, 302,

343, 354.

Compton, East, 117.

(Hants), 61, 62.

Down (Wilts), 77.

Coombe Rock, 424.

Coquand, H., 453.

Corax afjinia, 14.

priatodorUv^, 14
Corbi^rien, 300.

Corfe Castle, 357.

Cotentin, 363.

Coulsdon, 174, 177, 180.

Crania egnahergenaia, 18.

pariaienaia, 18.

Cranbome Chase, 414, 417.

Creake, South, 256, 322, 326.

Crick. G. C, 83, 288, 447.

Crioceraa elliptiaum, 14.

Cromer, 260.

Crossness, boring at, 156.

Croydon, 172, 173, 178, 180, 431, 434.

Cruxton, 119, 316.

Crustacea, 18.

Crystalloids, 343.

Cuekmere Haven, 36.

Cuckhamsley Knob, 202, 203.

Culver CUff, 89, 93, 322, 326, 331,

334, 335, 339.

Cuapidaria caudata, 16.

Cuxton, 159. 160. 168.

CymbeMne's Mount. 412.

Gyphoaoma cordlare, 20.

Kcenigi, 19, 20.

radiatum, 20.

Ctfprina qtiadraia, 16.

Dagnal, 224.

Dalton, W. H., 436.

Danes Dyke, 284, 286, 287.

Dawson, Ch., 392.

Debenham, 246.

Deeoke, Prof., 264, 375.

Dene Holes, 392.

Dentaliv/m turonienae, 16.

Depth of Chalk Sea, 364 et aeq.

Deamepora aemicylindrica, 18.

Devonshire, 125.

Dewlish, 111.

Diaatopora papiUoaa, 18.

Dibley, G. E., 2, 165-168, 172, 177,

180.

Dieppe. 6. 298.

Diss. 245.

Docking. 254.

Dorchester. 109. Ill, 336, 338, 339.

Dorset, North, 116, 397, 408, 417.

South'. 97.

Dotyderma ramosum, 9, 22.

Doullens, 294.

Dover. 6, 7. 135, 137, 304, 307, 314,

316. 326.

Dowker. G.. 1. 6. 7. 135, 150.

Down House, 121.

Downs (North and South), 402, 414.

Downton, 69.

Driffield, 357.

Duncton, 52.

Dunstable, 224.

Durdle Cove, 103-105.

Dumford, 78. 356.

Durley. 195.

Duvillier. M.. 366, 398, 390.

Earlstoke, 194.

Eastbourne, 30, 304, 312, 314,
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Easton (Hants), 61.

Eohinodermata, 18.

fragments of, 303, 316, 323, 331,

335, 340.

Echinocorya saviatua, 20, 21.

Echinoconua, see Oaleritea.

Elevation, movements of, 361, 374.

Elvedon, 243.

Emarginvla Sanctw-Catharince, 16.

Enford, 195.

Enoplodytia LeacM, 18.

sussexensis, 18.

Enialophora proboscidea, 18.

Enthorpe, 280, 282, 307, 315, 316,
! 319, 320.

Epiaster gibbus, 20.

Erith, 155, 167.

Escarpments, 402.

Eschara Acis, 18.

• Danae, 18.

Essex, 235, 236, 392, 436.

Etheridge, R., 246, 44ii.

Etretat, 296, 298.
,

Evans, Caleb, 1, 172, 177, 178.

Excavation of valleys, 420.

Pan Hole (Dover), 138.

Farlington, 59.

Parnham, 176, 357, 403.

Peatherstoneliaugh, G. W., 386.

Fecamp, 295, 298.

Felspar, 310, 319, 325, 329, 338, 341.

Ferriby, North, 278.

Finest material of clialk, 343.

Fish of Upper Chalk, 14.

as evidence of depth, 378.

Fisher, W. W., 445.

Fisherton, 80.

Flamborough Head, 275, 280, 283,

286, 327, 329, 330.

Flints, composition of, 359,— floors of, 272, 437.

quarries of, 241, 243.

as road-metal, 393.

varieties of, 8, 9, 10 12, 57, 259,

378.

Foraminifera, 303-305, 308, 316, 318,

323, 324, 328-337, 340, 343, 347-

353, 366, 371-375. g

Forbes, D., 358.

Fordington, 112.

Foreness, 148, 149.

Fomham, 241

Fossils, General list of, 459.

Fotherby, 273.

Fox-Strangways,, 280.

France, Chalk of, 290.

Frankland, Dr., 355.

Freestone of Beer, 379.

French, H. H., 431.

Freshwater, 92, 93, 314.

Freshwater Bay, 90, 91.

Frindsbury, 164, 166, 168.

Gadshill, 164.

Oaleritea albogalerua, 20.

Gamble, W., 155, 160, 162, 163, 168.

Garnet, 310.

Gasteropoda, 16, 364, 374, 448.

Gildea, G. P., 389, 390.

Gillingham, 164.

Glauconite, 310-312, 325, 338, 364.

Globigerina, 309, 316, 321, 322, 324,

335, 340, 347, 348.

Globigerina-ooze, 347, 369.

Godmersham, 157.

Godwin-Austen, R. A. C, 179.

Gore CUff, 396.

Goodmanham, 280.

Goodwood, -56.

Goring, 208.

Gosselet, Prof. J., 291, 292.

Granite-boulder in chalk, 179.

Grant-Wilson, J. S., 357, 359.

Gravesend, 156, 166, 168.

Greaves, Ch., 432.

Green-coated nodules, see Nodules.
Greenhithe, 166.

Gregory, Prof. J. W., 370, 460.

Griffith, Ch., 2, 58, 60-64, 87, 91-94,
107-109, 190, 459.

Grinstead, West, 82.

Grossouvre, A. de, 6, 292, 294, 297,

299, 362.

Oueitardia stdlata, 22.

Guildford, 175, 176, 180, 317.

Guise, 293.

Guist, 258.

Gun-flints, 385.

Gypsies, 431.

Hagenovia rostrata, 20.

Haling, 178.

HaUenoourt, 294.

Haldon HiUs, 131-133.

Hampshire, 57, 415.

Handfast Point, 101.

Harefleld, 231.

Hardness of chalk water, 438.

Hardivilliers, 294.

Harnham, 71, 81.

Harpenden, 440.

Harrow, boring at, 444.

Harrison, Prof. J. B., 354-356, 360.

Harts Lock Wood, 207.

Hauxton, 390.

Hawkins, C. E., 58.

Hubert, E., 3, 6, 7, 9, 10, 135, 138, 140,

143, 295-298,
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Henley, 210, 216, 399.

Hensting Farm, 62.

Hertfordshire, 223, 388, 391, 432, 440.

Heteroceras rev^sianum, 14, 15.

Heterostinia obligua, 22.

Hewetson, G. H., 235, 246.

Heydon, 237.

Heytesbury, 72.

Higham, 166, 239.

Highfield, 80, 327.

Highwood, 122.

Hill, Rev. E., 235, 240, 241, 244, 245.

Hill, W., 30, 46, 47, 52, 53, 87, 91, 92,

109, 136, 142, 150, 155, 165, 173-

180, 206, 212, 216, 218, 223, 226,

228, 232, 249, 253-256, 271 275,

278, 280, 281, 288, 364, 368, 374,

376, 384, 459.

Hilton, 118.

Hind, Dr. W., 241.

Hinde, Dr. G. J., 228,^336, 421, 460.

Hindon, 76, 406.

Hinderolay, 245.

Hitehin, 307, 311, 315, 320, 326, 344.

Hodgson, T., 358.

Hogsback, the, 403.

Holaster 'planus, 20, 457
• liacerda, 20, 458.

Holden, Dr., 244.

Hohnes, W. M., 174, 180

T. v., 392.

Holkham, 259.

HolkhamHaU,251.
Homington, 77.

Homceosolen ramiilosits, 18.

Hopkinson, J., 232, 425, 432, 433.

Hornsea, 278.

Hughes, Prof. T. McK., 164, 404.

Hume, Dr. W. F., 310, 319, 325, 329,

338, 361-365, 368, 373, 374, 376,

378.

Hunmanby, 283.

Hursley, 62.

Hurstboume, 187, 189.

Hutchin's History of Dorset, 433.

Ibbetson, Capt., 396.

Icklingham, 243, 386.

Ilsley, 202.

Infidaster exceniricus, 20.

Ingold, J., 240.

Inklefleld Farm, 69.

Inoceramus Bed, the, 398.

Inooeramus'Jligitatv^, 16.

involviius, 16, 25.

lotus, 16, 448, 449.

pic<'MS,'460.

prism8,'302,;317, 323,'347.

6821.

Ireland, 361, 368.

Iron-oxide, 312, 319, 325, 338.

Isle of Wight; see Wight.
Iwerne, 120, 310, 313.

Ixworth, 241.

Jereica dava, 22.

Johnston-Lavis, H. J., 168.

Kalm, P.,382.

Kenley Beds, 176, 177, 180.

Kent, 135, 165.

Keston, 167.

Kileaombe Bridge, 63.

Kimble, 412.

Kingena lima, 18.

Kingaley, C!h., 416.

KJngsdown, 145.

Kingsgate, 147, 148.

Kingsolere, 183, 184.

Kingston (Sussex), 50.

(Dorset), 112.

Deverill, 75.

Kintbury, 203, 393.

KipUng Cotes, 280, 282.

Kirkaldy, D., 380.

Kirk Ella, 322, 326, 368.

Kirmington, 274.

Kitchin, Dr. F. L., 10, 149.

Kits Goty House, 158.

Knighton, 112.

Knoyle, 75.

Lambert, J., 295.

Lambourn, 201.

Lambcroft, 274.

Lamellibranchiata, 16, 369, 375, 448.

Lamplugh, G. W., 275, 276, 278, 281-

288.

Lancing, 50, 53.-

Langdon Stairs, 138, 140, 142.

Langford, Steeple, 72.

Lapparent, A. de, 297, 299.

Lasne, M., 294.

Leiodon anceps, 14.

Lennier, M., 296, 297.

Letcombe, 201.

Letohmoor Heath, 232.

Levants, 431.

Level of saturation, 427, 429, 434.

Lewes, 46, 319, 320|

Lewisham, 167, 168,-

Lexham, 266.

Lezennes, 292.

Lille, 291, 292, 363.

Lima aspera, 460.

N N
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Lima dongata, 451?

granosa, 16.

Hoperi^ 16, 25j

IcBviuscida, 16j

Limber, 275.

Lime, making of, 387«

Lincolnshire, 271, 413.

Lingheath, 241, 243,

List of fossils, 459,-

Litcham, 256.

Litchfield, 184, 187,

Littlewick Green, 218.

London Basin, 13, 435, 440,-

Clay, 422, 438.-

Longstock, 63.

Loriol-Lefort, M., 455.

Louth, 271, 272.

Lucas, J., 382,432s
Lulworth, 108.

Lunvlites cretacea, 18j

Luton, 224, 226, 315, 344j

Lyell, Sir Gh., 261.

Lyme Regis, 125, 126, 303, 310, 312.

Magas pumilv^, 18.

Maiden Newton, 118, 317, 399.

Mansergh, Mr., 437.

Mantell, G. A., 28, 449.

Mapledurham, 217?

Marcasite, 341.

Markyate Street, 224.

Margate chalk, 1, 135, 145, 148, 327,

330.

"ilarlow, 217.

Marlborough, 194, 197-199.

Downs, 411, 416.

Marham, 384.

Marne, Department of the, 292.

Marsupites testvdinariiis, 20, 21.

zone of, 3, 4, 37.

Martesia rotunda, 16.

Harwell Road, 62.

Masey, P. E., 380.

Matrix of Upper Chalk, 343.

Medmenham, 212, 216, 311, 315, 319,

320, 344, 384.

Medway, valley of the, 160, 161, 164.

Melbury Hill, 408.

Meloombe Bingham, 408.

Mercey, M. de, 292, 294.

Mere, 75.

Mersly Down, 94;

Metopaster. species of, 20.

Meyriok, E., 2, 194, 198, 199.

Mica, 310, 312, 341.

Micheldever, 188, 189.

Micraster coranguinum, 19, 20, 27.

cortestvdinarium, 15, 20, 26.

Micraster Leakei, 17, 20, 34

prmcursor, 7.

species of, 7, 20, 22.

Microscopic structure, 302.

Miorooline, 341.-

Middlesex, 223, 231.

Middleton, 63.

Milford, 81, 331, 334.

Mill, H. R., 404, 405.

Minteme, 347.

Missenden, 210.

Mitcham, 438.

Mitraster Hunteri, 20j—^ rugatus, 20.

Mollusca, as evidence of depth, 365,

369, 374.

Monks Eleigh, 244.

Monkihatch, 176, 317.

Morgans Hill, 195, 196.

Morison, Dr., 227.

Mortimer, R., 277, 283, 285, 358.

Mosasaurus Camperi, 14.

Mottisfont, 64.

Mottistone, 94.

Mundesley, 263, 341, 342, 346.

Mupe Bay, 102.

Nailbournes, 431.

Natica vulgaris, 16.

NayfAlus fleuriausianub, 14.

suhlcBvigatus, 14.

Needham Market, 245.

Nedging, 245.

Netherhampton, 78,-

Nettlebed, 207.

Newbury, 203.

Newhaven, 37, 39.

Newton, E. T., 179, 237, 447, 460.

Newsells Bury, 236.

Nodules, green-coated, 72-78, 93,

98, 117, 184, 186, 194, 201, 208,

226, 237, 238, 373, 394 ; .see also

Chalk Rock.
Norfolk, 249.

Normandy, Chalk of, 295-299.

Normandy Farm, 120.

Norrington, 188.

North Downs, 403.

North Sea Landing, 281, 282.

Northfleet, 166, 168.

Northwould, 384;

Norwich, 11, 249, 251, 259, 335, 336,

339, 375, 385, 386.

Notton. 119.

Nutford, 117.

Oakham Close, 118.

Oare, 195, 198,
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Odiham, 190.

Odstock, 79.

Offaster pillvla, 20.

Offham, 46, 47.

Ogbourn Maisey, 197.

Okeford Hill, 117.

Oldbury Hill, 197, 198.

Oreaster hidhiferus, 20.

pistilliferus, 20.

Ormsby, 273, 274, 357.

Ostracoda, 309, 318, 324, 329, 333,

336.

Ostrea acutirostris, 16.

canalicidata, 16, 452.

Mpporpodium, 453.

lunata, 16, 25, 452.

semiplana, 16, 453.

vesicvlaris, 16.

wegmaniana, 16.

Otterboume, 357.

Ouse, Valley of the, 46.

Overton, 188, 189.

Ovingdean, 37.

Owermoyne, 112.

Oxfordshire, 205.

Pachastrdla convolvta, 22.

Paehydiscus peramplus, 14, 15.

Paine and Way, Messrs., 395.

Pakenham, 241.

Pangboum, 214, 215.

Paramoudras, 12, 259.

Paris Basin, 290, 295.

Pasley, Major-Gen., 387.

Pecten creiosus, 16, 25.

manteUianus, 16, 25.

Nilssoni, 16.

rdbinaldinus, 464.

rotomagensis, 454.

Pegwell Bay, 145.

Penning, W. H., 236, 421.

Pentagonaster megalo'plax, 20,

Petalopora pulchdla, 18.

Pewsey, Vale of, 195, 409;

Pharetrospongia Strahani, 22j

PhiUips, W., 6, 7, 28, 135, 143.

Phosphatic chalk, 46, 220, 301, 323,

nodules, 72, 75. 93, 98, 117, 184,

194, 201, 208, 226, 237, 238, 373.

394.

Physical features of chalk districts,

402.

Pioardy, 294.

Piddletown, 112.

Piddletrenthide, 118.

Pinhay cUfiEs, 125-128, 303, 312,

313, 344.

Pinkneys, 218.

Player, H., 400j

Pleurotomaria perspectiva, 16.

PUnthosdla compacta, 22.

squamosa, 22.

Plocoscyphia convolvta, 22.

Plumpton, 48.

Pollard, Dr. W., 398, 399.

Polyptychodon interruptus, 14j

Porochonia simplex, 22.

Porosphcera glohidaris, 22j

Port Susette, 298.

Portland Cement, 387.

Portobello, 39.

Portsdown, 59.

Pourville, 289.

Preston, Rev. T. A. 416.-

Preston (Herts), 226.

Prestwich, Sir J., 439.

Prionocydus Neptuni, 14s

Proboscina ramosa, 18.

Psevdodiadema Brongniarti, 456|

Mackiei, 456.

Ptychodus Oweni, 14,

Ptychoceras Smithi, 14.

Punfield Gove, 319, 398.

Purley Beds, 177.

Junction, 177, 178.

Pustidipora pustvlosa, 18,

Pycnaster angiistatw, 20.

Quartz-grains, 310, 312, 319, 326.

329, 333, 338, 341, 344:

Quidhampton, 78.

Radiolaria, 174.

Ramsgate chalk, 1, 135, 145, 147.-

Ravendale, 274.

Redhom Hill, 194.

Reims, 294.

Reid, G., 46, 56, 111, 117. 118, 122,

123, 260-263, 275, 341, 420, 422.

Remenham, 216, 218.

Reptilia, 14.

Retieidipora dbliqua, 18.

Rew Farm, 110, 305, 313.

Rhabdoliths, 343.

Khizammina, 332. '

Rhodes, J., 39, 40, 45, 47, 48. 50, 53,

55, 90, 130, 134, 161-164, 217-

-219, 224, 227, 232, 249, 256, 256.

383.

BhynchoneUa limbata, 18, 23.
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PLATE IX.

Fig. 1.

Chalk Rook, Medmenham, Bucks.

a. a. Echinoid fragments present in nearly every specimen of the
chalk at this horizon ; b. a sponge spicule ; c. Cristellaria ; d. Pulvinu-
lina ; e. Globigerina

; /. grains of glauconite
; g.g.g.g. minute tubular

holes, probably casts of minute sponge spicules present in most speci-

mens of Chalk Rock.

Fig. 2.

Chalk Rock, Hitchin, Herts, showing a portion op a phosphatic
NODULE.

a. the nodule ; b. the matrix ; c.>\ Echinoid fragments ; d. Globi-
gerina ; e.e.e.e.e. minute tubular holes ; /. grain of glauconite.

j!fote.—This Plate follows on from Plate VIII. in Vol. II. of this Memoir.



Plate IX.

a g

Fig. 1. Chalk Rock. Medmenham.
X 22 diam.

c e

Fig. 2. Chalk Rock, shewing portion of nodule.

Hitchin.

X 22 diam.












