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PREFACE.

Tue following pages are the work of a number of
volunteers, students of science, history, and archaology,
and others conversant with the industrial progress of the
district described. The illustrations are derived from a
number of sources; and special thanks are due to those
persons and institutions that have sanctioned the use of
copyright material. Mr. T. J. Westropp has given great
help in bringing together the illustrations in the section
of History and Archeology, for which Mr. W. Lawrence
kindly gave some original blocks. The geological details
on the coloured map were supplied by the Geological
Survey of Ireland. The names of the editors of the
sections, and of the contributors of the several articles
contained in each, are given in the table of contents which
follows, or in the body of the work. The general editing
of the Handbook has been done by Grenville A. J. Cole
and R. Lloyd Praeger.

DunniN, August, 1908.
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GEOLOGY.

GENERAL GEOLOGY AND SCENERY.

By GreENviLLE A. J. CoLE, M.R.I.A., P.G.S.

TrE geology of the neighbourhood of Dublin has been
several times described; and on the present occasion it
seems desirable to furnish a general account, from which
the visitor, though he may not be primarily a geologist,
may gain some insight into the relations between the
surface-features and the underlying structure of the
country.

Mars axp WORKS oF REFERENCE.

Dr. John Rutty, in his ¢ Essay towards a Natural His-
tory of the County of Dublin”’ (2 vols., 1772), discussed
the minerals and rocks from the point of view of their
economic importance. R. Fraser published several geolo-
gical observations on the Leinster chain and the drift gravels
in his ¢ General view of the agriculture and mineralogy,
&e., of the County Wicklow "’ (Dublin, 1801). W. Fitton
deseribed ¢“the geological structure in the vicinity of
Dublin” in the first volume of the Transactions of the
Geological Society of Liondon, 1811, and reproduced the
substance of his paperin 1812 in the form of a small book,
cntitled ¢ Notes on the Mineralogy of part of the vicinity
of Dublin.”” This is really a geological rather than a
mineralogical essay, and includes notes from the papers of
the Rev. Walter Stephens, of Dublin, and a coloured
petrological map. In 1819, Weaver’s ¢ Memoir on the
geological relations of the east of Ireland ”’ was published
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in the Transactions of the Geological Saciety of London ; and
its illustrations enabled readers to realize both the scenery
and the structure of the Leinster chain. The Royal Dublin
Society issued in 1835 a * Memorandum of objects of
geological interest in the vicinity of Dublin,” preparatory
to the meeting of the British Association in that year.
This is a pamphlet of 26 pages; but the progress of
geology is shown by its containing a list of fossils from
the Mountain Limestone. The founding of the Geological
Society of Dublin, which flourished until 1888, now gave
an impetus to observations round the city ; and numerous
papers were published in its Journal, including the first
descriptions of the now well-known but problematic
organism Oldhamia. The Geological Survey, under Prof.
Jukes, issued in 1861 a memoir to accompany Sheets 102
and 112 of the map of Ireland. Some of the excellent
sketches by Du Noyer, prepared for that publication, are
reproduced, by kind permission of H. M. Stationery Office,
in the present essay. The memoir to Sheets 121 and
180, covering Bray and the eastern part of County
chklow, was issued in 1869, and is at present out of
print. The one-inch geological maps are, however,
obtainable, as follows:—92 (Drogheda); 101 (Trim);

102 (Portrane); 111 (country west of Dublin); 112
(Dublin) ; 120 (west of Wicklow mountains); 121 (Bray

and the Sugarloa,ves) ; 129 (Baltinglass) ; 130 (Glenda-

lough and Rathdrum). The editions of the above sheets
made in 1901 contain revisions of the Silurian rocks.
These sheets cost 8s. each. The new Drift-edition of
Sheet 112 (Dublin) costs 1s. 6d. For pedestrians, the new
Ordnance Survey one-inch sheets, with hill-shading and
roads in colour, are recommended.

The geological details on the map accompanying the
present volume have been reduced from the published
sheets, with trifling modifications, in the office of the Geo-
logical Survey of Ireland, by permission of the Department
of Agriculture and Technical Instruction.

In 1878 the Rev. Maxwell H. Close wrote on the geology
of the district for the Guide issued in connexion with the
third visit of the British Association, Mr. W. H. Baily
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contributing an aceount of the palmontology of the county
of Dublin. A series of papers on the county was pub-
lished in 1892 by the present writer in the first volume of
the Irish Naturalist; and a more comprehensive descrip-
tion of ‘‘the Geology of Dublin and its neighbourhood”’ was
contributed by Professor Sollas in 1895 to the Proceedings
of the Geologists’ Association.

Lastly, the area of the one-inch Sheet No. 112 of the
Ordnance Survey is admirably covered, from a geological
point of view, by the memoir on ¢ The Geology of the
country around Dublin,”” issued by the Geological Survey
in 1903. A good bibliography of the geology of the Dublin
district is included. Mr. G. W. Lamplugh, as District
Geologist, at this date introduced into Ireland the syste-
matic mapping of superficial deposits; and Mr. J. R. Kilrce,
one of the authors of the memoir, has undertaken the
description of these deposits for the present Handbook.
Mr. H. J. Seymour, another of the authors, describes the
mineralogy of the district; and the petrographic notes
inserted in the following pages are also due to him.

Scenic FeaTURES.

The traveller, long before he enters Dublin Bay, is
aware of the high moorland which stretches south-west-
ward from the hollow where the Liffey emerges on the
sea. Northward, the ground rises far more gently; and
the prominent features in this direction are the penin-
sula of Howth, and the dome-backed island of Lambay.
These are in reality outlying masses of the foothills
that stand on the south side of the bay, between the
shore and the long central range. As the steamer nears
the harbour, these foothills detach themselves from their
background ; and the dark and mammillated promontory
of Bray Head, the scarped peak of the Great Sugarloaf,
and the boss of Carrickgollogan above Shankill, indicate
the broken character of the coastland. Here and there,
green fields, divided by hedges or by lines of trees, climb
far towards the uplands, which are golden with furze or
purple with the heather. On the moor, the grey rock -

B2
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peeps out at intervals, and a few high quarries scar the
mountain-side above Glencullen.

The gentler slopes, and the lowland of the Liffey,
are in fact covered with drift-deposits, clays and gravels,
partly local, but largely of north-western and northern
origin. These form the lands seized on by the early
settlers, as they strove to enter the country from the
sea. The great moor beyond, where the passages through
the foothills open into broader glens, gave shelter to the
tribes sucecessively dispossessed; and Bray and Cullen's
Wood, on the junctions of the two types of scenery, became
again and again the field of bitter contests. The grey castle-
towers that for centuries marked out the limits of the
English Pale do not pass beyond the mantle of the drift;
and the high ground of Leinster, near the city, was for
long a menace to the growing port of Dublin.

To follow the course of the Liffey is, however, to link
the moorland with the plain. The river rises in a wild
stretch of mountain-peat and grass and heather at a height
of 1700 feet, and almost on the crest of the divide. It
runs westward under Kippure, clearing out its course in
its old valley, on which mountain-taluses have encroaclied.
Where it should apparently flow northward, across the
col at Brittas, it carves its way southward to Poulaphouca,
where it forms a picturesque ravine as a reminder of its
highland origin. Then the river meanders out into the
great plain, to the fringe of the brown bogs of Kildare,
whence it runs northward over a drift-covered lowland,
and here and there forms rapids, as at Leixlip, and cuts
into the limestone strata underneath. Mr. Lamplugh!
has shown how its course, and that of its tributary, the
Dodder, are quite modern features of the plain, and how
traces of earlier channels lie hidden beneath the covering
of drift.

While, by the gradual downsliding and removal of the
boulder-clays and gravels, an older surface is being brought
to light, this older surface has a double history of its own.
In the lowlands, Carboniferous strata still remain, the

! Geol. Survey, Explanation of Sheet 112 (1903), p. 152.
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residue of a series that once climbed high against the
Leinster chain. But the chain itself, the great moor-
land and its foothills, existed already as a long island or
a promontory in the Carboniferous sea; and the removal
of the deposits of that sea by denudation is still revealing
to us more and more of the configuration of a very ancient
Ireland.!

GroLocicAL. Fearures axp History.

What are the oldest rocks in the area with which we
deal ? The uptilted and folded slates and quartzites of
Howth, and the corresponding rocks that form Bray
Head and the country southward to Rathdrum, were long
held to be overlain unconformably by the shales and
sandstones nearer to the central chain. Considerable
doubt, however, has been thrown upon the unconformity ;
and Mr. Lamplugh has recently compared the two series
jointly with the continuous body of Skiddaw slates and
with the Manx slates of the Isle of Man.2 The suggestion
that any part of this series near Dublin is of Upper
Silurian age® has no firm evidence to support it; and if any
change is to be made in view of Mr. Lamplugh’s remarks,
the general feeling will probably be in favour of extending
the borders of the area mapped as Cambrian. Bray Head
is famous as the original site where Oldhamia was dis-
covered,* and the oceurrence of similar objects in Cambrian
strata in other parts of the world has greatly strengthened
the original opinion as to the age of the Bray and Howth
series. In view especially of Mr. G. F. Matthews’ work
on Cambrian worm-traces in Newfoundland (1890), the
time has probably gone by when Oldhamia could be

1 Compare Jukes, Memoir to Sheets 102 and 112 (1861),p. 24.

2 Mem. to Sheet 112 (1903), p. 8. See also J. F. Blake, ‘‘ Monian
System of Rocks,”” Q. J. Geol. Soc. London, vol. xliv. (1888), p. 534.

3 Mem. to Sheet 112 (1903), p. 7.

¢ T. Oldham, Journ. Geol. Soc. Dublin, vol. iii. (1844), p. 60;
Forbes, idid., vol. iv. (1848), p. 20 ; and J. R. Kinahan, #bid., vol. viii.
(1858), p. 69, and Trans. R. Trish Acad., vol. xxiii., p. 547. Fora
review of later work on Oldhamia, ineluding papers by Joly and Sollas,
see Cole, Irish Naturalist, vol. x. (1901), p. 81.
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considered as inorganic. While the quartzites on Bray
Head, whether grey-green, or white, or brown, yield no such
remains, the green and red slates, when they break along the
bedding, show at certain points radial or, far more rarely,
fan-like wrinklings. When one of these objects occurs in
a bed, others are likely to be close at hand, and they often
overlap abundantly on one another, repeating themselves in
successive layers of the altered mud in which they lie.
The strata at the north-east angle of Bray Head, which
are best visited at low water, and occasional outerops on
the beach at Greystones, may afford good specimens of

Fia. 1.—The Needles, south side of Howth. Quartzite pinnacle,
with diabase dyke at foot.

Oldhamia. Fine examples of these impressions, and the
type-specimens of J. R. Kinahan’s Histioderma,! a worm-
tube with cross-markings, are to be seen in the Geological
Survey collection in the Dublin Museum. Oldhamia antiqua
has beenfound at Puck’s Rocks on the north side of Howth ;
and Prof. Sollas? has described other problematic fossils
from thie same locality and from Bray.

! J. Geol Soc. Dubliu, vol. viii. (1858), p. 70.

* Sci. Proc. R. Dublin Soc., vol. viii. (1894), p. 297, and Quart. Journ.
Geol. Soc. London, vol. 1vi. (1900), p. 273.
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These old rocks present very different features according
to the amount of quartzite present. The pressures to which
they have been subjected have often broken up the beds
of altered sandstone; and the shales have flowed round
detached blocks of quartzite, which assert themselves as
features in the landscape. The flow-structure of the
shales or slates, giving on fracture a series of mammillated
surfaces, is again and again noticeable on Bray Head. At
Howth, particularly on the uplands east of the harbour,
the quartzite is so broken up in the shales that a breccia
or false conglomerate has arisen. On the south side of
the peninsula, however, the original bedding is easily
traceable in the nearly vertical strata of grey, yellow-
brown, or pinkish slates and quartzites. The fact that the
quartzites in the Bray and Howth series were originally beds
of sandstone has been admirably shown by Prof. Sollas!;
and T. Oldham? pointed out the occurrence of pebbles in
the Bray quartzite as early as 1844. No one who examines
with a pocket-lens the rock of Carrickgollogan, or of the
summit of the Great Sugarloaf, will have any doubt as to
these conclusions, though the bedding of the mass may often
be difficult to trace.

The effect of the quartzites on the scenery is emphatic.
The Great Sugarloaf (1659 feet) has all the beauty of a
mountain-peak, and is the conical relic of an uptilted bed,
which has saved large masses of the underlying slates
from denudation. The dip is here eastward; and the
quartzite appears also along the ridge between the summit
and the Rocky Valley, and in several outlying knobs, such
as that (776 feet) a mile and a half north-west of the
Sugarloaf above the Dargle. The view from this latter
point (in private grounds), in the heart of the tumbled and
stream-cut country of the foothills, is even more striking
than that from the Sugarloaf itself.

1 ¢ On the structure and origin of the Quartzite rocks in the neigh-
bourhood of Dublin.”’ Sci. Proc. R. Dublin Soc., vol. vii. (1892),
p- 169. 1

2¢ On the rocks at Bray :Head.” J. Geol. Soc. Dublin, vol. iii.,
p. 60.
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The Little Sugarloaf (1120 feet), a ridge that stands up
like a volcano when viewed end-on from the north, and
the broken crest-line of the fort-like bluff of Bray, again
illustrate the resisting powers of the quartzite. The
inlying mass at Carrickgollogan (912 feet), associated
with green shales and slates like those of Bray, and
probably bounded by faults, and the serrated edge of
Carrick Mountain above the railway to Rathdrum, simi-
larly challenge attention in a land rich in attractive
details.

The Bray and Howth series, which has also a large
extension in County Wexford, may, then, be regarded as
Cambrian, and as probably passing up into the shales,
slates, and occasional sandstones which lie nearer to the
centre of the Leinster chain. The latter series has been
mapped as Lower Silurian (Ordoyician), and is certainly
pre-Devonian, since it is involved in the great Caledonian
earth-movements of early Devonian times. Unfortunately,
fossil evidence is very scanty;' and the undoubted Ordo-
vician areas lie as far removed from the central chain as
Portrane on the north, the Chair of Kildare on the west,
and Rathdrum (Slieveroe, &c.) on the south. Mr. R. Clark
informs me that graptolites of Bala age have been found
by him in the railway-cutting north-east of Rathdrum.

The chief interest of the slates of doubtful age lies in
their metamorphism by the Leinster granite, as will
presently be described. But their physical characters
allow them to be deeply cut into by the streams descending
from the moorlands; and the terrace which they might
otherwise have formed along the chain becomes, in con-
sequence, notched picturesquely and broken up into
outstanding hills. The junction with the granite is often
concealed by bogland or by drift; but sometimes it runs
boldly up on to the moors, as at Douce Mountain (pro-
nounced Djouse, rhyming with ¢ house ’), where it
occurs west of the summit at a height of 2000 feet, and
then traverses the rocky slopes above Lough Tay, in one

! See McHenry, Mem. to Sheet 112 (1903), p. 8.
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of the most beautiful and broken landscapes in County
Wicklow.

In the west of the chain, the Silurian strata form a
picturesque tumbled country, directly beyond the Carboni-
ferous limestone at Saggart. The tramway to Blessington
and Poulaphouca climbs rapidly on to the foothills, and
at the falls of Poulaphouca a good section of the strata is
exposed. On the east rise the great domes of the Leinster
granite, and on the west the limestone plain stretches
away to the Bog of Allen, with the Ordovician inlier of
Grange Hill and the Chair of Kildare standing out con-
spicuously above the level surface.

The promontory of Portrane and the island of Lambay
afford surer geological ground, and have been studied in con-
siderable detail.! The small Ordovician area exposed here
as an inlier, bounded by the modern sea and by the Old Red
Sandstone, contains abundant fossils of Middle Bala age.
The uppermost limestone is probably on an Upper Bala
horizon. The series begins with andesitic lavas, covered
by an ashy conglomerate, the structure at the north end of
the Portrane section being complicated by subsequent
crushing and brecciation of the successive beds. This
brecciation is still better seen among the limestones and
shales in the centre of the section, which provide admir-
able demonstrations in physical geology, including overfolds,
thrusi-planes, faults, and ¢ crush-conglomerates.” The
contemporaneous ash-beds of the lower stage have been
omitted from the latest edition of Sheet 102 of the Geolo-
logical Survey Map (1901); but their presence has recently
been verified by Messrs. Gardiner and Reynolds, and by
Mr. Seymour on Lambay. Microscopical evidence put
forward by Prof. Sollas and others is, moreover, strongly in
favour of their occurrence at Portrane, as was maintained
by Jukes’s ongmal survey. The centre of eruption seems

! Mem. to Sheets 102 and 112, Geol. Surv. Ireland, ed. 2 (1875) ;
Sollas, ¢ Geology of Dublin,” &e. , Proc. Geol. Assoc. ., vol. xiii.
(1893) p- 99; Gardiner and Reynolds, ¢ The Portrane Inlier,” Q. J.
Geol. Soc. London, vol. liii. (1897), p. 520, and ¢ The Bala Beds, &c.,
of Lambay Island,” ibid., vol. liv. (1898), p. 135 ; Seymour, ‘ Geology
of Lambay,” Irish Naturalist, vol. xvi. (1907), p. 3, with coloured map.
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to have lain to the east of Lambay. A handsome green
porphyritic andesite or aphanite, with large tabular erystals
of altered plagioclase, is known as the Lambay Porphyry,
and intrudes at several places among the andesites on the
island (see the maps of Messrs. Gardiner and Reynolds, and
Seymour), and as a dyke in the lavas at the north side of
Portrane. The dykes in the rocks of Howth and Bray, and
some of the igneous masses near Rathdrum, probably belong
to the same epoch as the volcanic products of Portrane.
Others, however, of the intrusive rocks along the margins
of the Leinster chain inay be connected with the earth-move-
ments of early Devonian times, and thus with the inflow of
the granite magma.! Few fossils occur in the shales and
limestones of Lambay ;? but Mr. Baily’s list from Portrane
in the Geological Survey memoir to Sheets 102 and 112,
and Mr. F. R. Cowper Reed’s report on the fossils collected
there by Messrs. Gardiner and Reynolds,® give us a good
idea of the Ordovician fauna of the district. Those useful
zone-fossils, graptolites, have been collected from a band
of black shale north of the northern Martello Tower on the
Portrane coast; Climacograptus Scharenbergi, Diplograptus,
and Dicellograptus are recorded. As Mr. Fearnsides has
pointed out to the present writer, the crushed black slate
south of thie same tower may some day yield graptolites
that can be identified. Trilobites and brachiopods occur
in the shale on fthe promontory south of the tower; but
the favourite hunting-ground for fossils is in the underlying
limestone, which rises on the succeeding headlands further
to the south. The abundant corals, including Halysites
catenularia and several species of Favosites, have become
silicified, and formerly stood out conspicuously on the
weathered surface of the limestone. Quarrying operations
have destroyed this surface to a considerable extent. Every
block, however, of the limestone that may be broken off
shows it to be as truly a mass of organic remains as is the

" See Sollas, Trans. RO}'. Irish Acad., vol. xxix. (1891), p. 475 ; and
Kilroe and Mcllenry, Q. J. Geol. Soc. London, vol. lvii. (1901), p. 488.
% Gardiner and Reynolds, Q. J. Geol. Soc. London, vol. liv., p. 137.
3 Q. J. Geol. Soc. London, vol. liii., p. 535.
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familiar Carboniferous limestone. In the adjacent quarry,
west of the footpath, the fossils are far less easy to dis-
tinguish.

South of the main limestone, which comes up in an
anticline in the middle of the coast-section, crushed shales
and limestones are well seen at the Priest’s Cave, which is
accessible at low water ; and, thrust over them, we find a
barren sandstone series, its bedding crossed by an imperfect
cleavage. From analogy with rocks at Balbriggan, Messrs.
Gardiner and Reynolds have suggested that these sandstones
may be of Llandovery (Birkhill) age. South of them, beyond
another band of thrust-conglomerate, limestones and shales
reappear. Their relations with the andesites on the shore
still further to the south are unfortunately hidden by a
stretch of sand.

Mr. C. I. Gardiner® believes that the exposures at Bal-
briggan, in the extreme north of the county of Dublin,
include Middle Bala beds, succeeded by andesitic lavas and
contemporaneous ash, above which, as we go south-east
from the town, graptolitic zones occur, indicating Upper
Silurian (Gotlandian) strata of Llandovery and Wenlock
age. The revision of these beds on the one-inch survey map,
carried out by Mr. McHenry in 1901, recognizes, however,
an anticlinal area of Bala beds south of Balbriggan, and
throws all the strata north of the town into the Gotlandian
(Llandovery to Wenlock series). Mr. Clark informs me
that he has collected graptolites of Tarannon or Wenlock
age in a quarry at Stadalt, near Stamullin,

It is clear, then, that the region where Dublin now stands
was once covered by the early Paleozoic sea, which found
its shore far away in the north and west, but which was
here probably unbroken, except by voleanic islands. At
the close of Silurian times came that epoch of activity
in the earth’s crust which produced the ‘ Caledonian”
continent in the north-western region of Europe, and -
which caused a general unconformity between the Silurian
and Devonian deposits. The latter were formed in fresh-
water lakes in the greater part of the British Isles, the

1« Paleeozoic Rocks near Balbriggan,”’ Geol. Mag., 1899, p. 398.
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strata, with their brown and purple tints, being known as
the Old Red Sandstone.

The Caledonian earth-pressures, operating from south-
east to north-west, crumpled up the pre-Devonian rocks
into a series of long folds, running from north-east to
south-west, and marking out, at this remote epoch, some
of the prominent features of our modern Europe. The
ancient strata in the north-west Irish area were probably
already converted into quartzites and crystalline schists;
but they received, in early Devonian times, the trend which
to-day characterizes the ridges of Donegal and the hollows
in which the main streams run. Masses of granite, such
as those above Glen Beagh and in the axis of the Ox
Mountains, oozed up in their molten form into many of the
huge rock-arches ; and the Silurian strata, associated in
the earth-movements, became in parts metamorphosed
through contact with the invading magma. The conspicuous
lines of earth-structure thus produced are traceable across
Scotland and into Scandinavia; and the region new under
discussion in the neighbourhood of Dublin still records
the same movements in the pre-eminence of the Leinster
chain.

This axis of elevation, which is now exposed over some
eighty miles from Kingstown to Waterford, doubtless
extends beneath the present Irish Channel, just as the
axis of Newry to the north of it represents the prolongation
of the Southern Uplands of Scotland. Along its flanks,
the Silurian and Cambrian rocks were crumpled, and the
shales passed into slates and wrinkled phyllites; but they
did not become highly altered until the invasion of a
granite magma took place from below. This inflowing
material doubtless accompanied the general upfolding,
working away at the flanks and crown of the great arch,
and spreading in insidious sheets between the beds of shale
and sandstone on its margin. Elongated strips of altered
sediment ocecur in abundance in the granite west of
Wicklow Gap and Glenmalure, as is well shown on
Sheet 129 of the Geological Survey map of Ireland. Some
of these schist-bands may represent the lower parts of
pendants from the original dome, the material between
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them having fallen away into the molten mass as it
worked its way upwards.! Professor Sollas? believes that
the intrusion took place in successive sheets, as the arch of
sediments rose from time to time, the first mass having
been of sufficient importance to effect great alteration in
the adjacent Palmozoic strata. In the Dublin area, at any
rate, the granite is never seen in contact with the Bray
and Howth series—a fact that has led Professor Sollas to
suggest that its form is that of a laccolite, i.e., that the
mass has worked its way into the uprising dome, between
an arch of Silurian and a floor of Cambrian strata.

The Leinster granite, a quartz-microcline-mica rock,
with its broadly developed and often tabular joints, has
weathered into a series of round-backed moorland hills,
the highest point being south-west of Glendalough, where
Lugnaquilla, capped by a relic of the sedimentary dome,
rises to 8039 feet above the sea. TUnless traversed by
streams, the junction between the igneous rock and the
altered sedimentary zone is not marked by any feature in
the field. It runs, for example, across the smooth-sided hill
on which Ballycorus chimney stands ; it climbs, as before
mentioned, high upon the moor at Douce ; and it continues
up and down hill across a succession of mountain-spurs.
There is plenty of evidence, however, of the general
parallelisin of the marginal surface of the granite with the
stratification of the overlying dome, since this stratification
still remains marked in the altered sediments. This fact
was long ago noticed by Jukes®in a little section above
Killiney (see fig. 2, p. 14). Where the contact-rock has
been stripped off by denudation, the bare surface of the
granite sufficiently indicates the former curving of the

1 Compare C. Darwin, in 1846, on a junction of granite and schist
near Cape Town, ‘¢ Geol. Obs. on Volcanic Islands,” Minerva edition,
p. 264.

2 ¢ Contributions to a knowledge of the Granites of Leinster,”
Trans: R. L. A., vol. xxix. (1891), p. 506 ; and Proc. Geol. Association,
vol. xiii. (1895), p. 108.

3 Mem. to Sheets 102 and 112 (1861), p. 32. See also Close, ¢ Phys.
Geol. of Dublin,” Sci. Proc. R. Dublin Soc., vol.i. (1878), p. 142.
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sedimentary dome.! Rev. Maxwell Close® very justly argued,
from the relative widths of the metamorphosed zone at the
surface on the two sides of the chain, that the granite face
descends more steeply on the west than on the east. The
original Leinster fold was therefore, in all probability,
unsymmetrical.

Fig. 2.—Junction of granite and mica-schist, north of Killiney Park,
showing arrangement of mica in the granite.

Original flow in the consolidating granite magma un-
doubtedly arranged its minerals near the margin, with a
general parallelism of their longer axes or their platy
surfaces, and imparted to some crystals that ovoid form
which makes them resemble ¢ eyes’’ in the common flow-
structure. In other places, as Professor Sollas® urges, a
closely similar structure has arisen through pressure acting

1 Compare foot-note in Mem. to Sheet 112, edition of 1903, p. 58.

2 ¢ Phys. Geol. of Dublin,” Sci. Proc. R. Dublin Soc., vol. L (1878),
p- 141.

3 Proc. Geol. Assoc., vol. xiii., p. 110.
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on the already consolidated rock, producing a  crushing of
the quartz, and the internal shearing of the whole rock
along numerous gently undulating and intersecting surfaces
which correspond to the planes of foliation.” The
microscope affords the only satisfactory means of dis-
tinguishing between flow due to igneous intrusion and
that due to pressure after consolidation. The numerous
cases, however, where the granite is more rich in dark
mica near its margins, and where the darker material is
arranged in layers parallel with the flow-structure of the
mass, cannot be explained by either of the above
suppositions. In such cases, it seems to the present
writer that a composite origin must be ascribed to the
rock,’ the darker layers representing schistose flakes
picked off and exfoliated from the sedimentary mass, as
the marginal granite magma invaded it along the planes of
bedding. Many such parallel flakes are large enough to
be shown upon the one-inch geological map; and this
interlamination was noticed in Glenmalure by Weaver as
far back as 1818.* Veins and elongated knots of granite
commonly appear, moreover, within the area of the
altered sediments, intruded along their planes of foliation,
as may be seen in the roadway from Rockbrook to Mount
Venus, and in very many other places as one nears the
junction-line drawn upon the map. The streaky granite,
a true banded gneiss, so well seen, for example, in
Glenmacnass, seems the natural result of the process
known as lit par lit injection. Mr. Seymour,® while not
committing himself to this explanation, suggests that, in
the well-known section above Killiney (fig. 2), the horn-
blendic rocks (epidiorites) associated with the altered
sediments have provided the biotite of the darker bands
seen in the granite.

Numerous veins (eurite and aplite), often containing
small garnets, traverse the main granite, and represent the

1 Compare ““ On a Hillside in Donegal,”” Science Progress, vol. i.
(1908), p. 348.

2 Trans. Geol. Soc., ser. 1., vol. v. (1821), p. 117.

3 Mem. to Sheet 112, edition of 1903, p. 22.
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last upwellings of molten matter, as the earlier masses
cooled and shrank.

The junction of granite and mica-schist on Killiney
strand is easily reached by walking along the coast-road
from Dalkey station, and crossing the railway by an iron
foot-bridge. Here Professor Jukes first studied the contact-
features of the Leinster chain. The uptilted and altered
sediments are traversed abruptly by the granite of Killiney
Hill, which sends off dykes and veins into them. The
largest dyke rises along the foliation-planes, which are
here clearly the planes of bedding, and then cuts across
them, appearing horizontally on the eliff-face. The
original composition of the various beds has obviously
influenced their mode of alteration. All are highly
micaceous ; but in some zones andalusite has developed in
knots and stellate groups of slate-grey rod-like ecrystals,
and now and again, with more distinet outlines, as white
chiastolite. Garnets also occur, often represented by rusty
casts on exposed faces of the rock. The same minerals
occur everywhere along the contact-zone, and andalusite,
in large pink prisms, has been found handsomely developed
at Lugduff, south of Laragh.!

Mr. H. J. Seymour has supplied the following descrip-
tion of the metamorphism of igneous rocks by the Leinster
granite :—*¢ On the margin of the granite massif, within
the area under notice, and chiefly on the west side, a
number of dykes of basic andesite occur, which have been
altered in various degrees. There are three types of
alteration noticeable, the original rock being practically the
same in all cases. Inthose masses which lie at the greatest
distance from the contact zone, and which have only
just come within the area affected by the granite, the
alteration is slight and consists essentially of the conver-
sion of the original augite-andesite into an epidiorite, the
general structure of the rock being retained.? Nearer to

! Von Lasaulx described the metamorphosed sediments in Tscherm.
Mittheil., Bd. i. (1878), p. 435.

% See Seymour, ‘ Summary of Progress,’”’ Geological Survey of the
United Kingdom, for 1898-99, pp. 64 and 176 et seq.
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the contact zone, as at Carrickgower Bridge, the original
andesite is converted into an amphibolite, with fairly coarse
structure, while certain other porphyritic andesites of a more
compact structure show the effects of thermal metamor-
phism in the conversion of the paramorphic hornblende
into a dark biotite mica. The igneous rocks occurring
close to the granite show naturally the greatest changes,
having been subjected to both thermal and dynamic meta-
morphism. On the intrusion of the earlier of the granite
sheets, which, according to Professor Sollas, build up the
Leinster laccolite, these basic igneous rocks were first
converted into epidiorites and then into biotite-epidiorites.
At this stage they became subjected to intense shearing
movements, which, as can be shown in the case of the rocks
at Donard and the vicinity (Co. Wicklow), resulted in the
ultimate production of biotite-schists. Near Donard,
the original rock being coarsely porphyritic, one is able
to follow all the stages in its dynamic alteration.! DBriefly,
the first effect noticed is the more or less parallel rearrange-
ment of the porphyritic erystals of labradorite; then follows
the drawing out of these erystals by ¢ strain-slip fracture,’
whereby they are broken up, ground to powder, and reerys-
tallized in granules, finally appearing as flat leaf-like forms
six or more times the length of the original crystals, and
with a corresponding reduction in their thickness. The
small mica crystals have during the same time increased
considerably in size. On the east side of the granite, near
Killiney, a compact hornblende-schist occurs of the type
described by Teall* as resulting from the metamorphism
of the Scourie dyke, and it has been deseribed by the late
Professor J. P. O'Reilly,® who originally discovered this
rock. Further south, in the neighbourhood of Glendalough,
is an interesting metamorphosed rock, rich in hornblende,
which Professor Sollas has deseribed.””*

1 Seymour, Sci. Proc. R.D.S., vol. ix. (1902), p. 568.

2 Teall, ¢¢ British Petrology,’’ p. 197.

3 O’Reilly, Proc. R.I.A., Ser. 3, vol. vi. (1900), p. 19.

4 Sollas, Report Brit. Assoc., 1893, p. 765 : Proc. Geol. Assoc., vol. xiii.
(1893-4), p. 111,

C
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The marginal band of mica-schist accompanies the
granite of Leinster throughout its length. Though not
indicated by any striking feature upon the moorland-surface,
as we have remarked already, it is at once recognized
on the walls of any of the transverse valleys. In these the
weathering develops the stratified structure, which is also
that of the foliation,! and the altered rocks stand out in
dark bands, in contrast with the smooth slopes of the
adjacent granite. The rocky walls above the Upper Lake
of Glendalough, and the long tongue of schist on the west
side of the wild pass of Wicklow Gap, afford typical scenery
of this kind.

Where the rivers cross the boundary between the granite
and the schists, they begin to cut ravines, which arise still
more noticeably in the slates of the Bray and Howth series.
The rocky drops at the Powerscourt Waterfall, at Lough
Tay, and at the head of Glenmacnass, thus indicate the
change of bed-material. The cafion of the Dargle at
Eunniskerry, and the beautiful Devil’s Glen, where the
Vartry descends from Roundwood, are both of them cut
through the Bray and Howth series, and have no parallel
in the granite region. i

The Leinster chain furnishes Dublin, and a considerable
area south-east of the city, with a superb water-supply.
This is gathered in the reservoir of the Corporation in the
basin of the Vartry River on the sedimentary series at
Roundwood, twenty miles south of the city, and 740 feet
above the sea. Some of the southern townships near the
city obtain their water from another reservoir, where the
Dodder is captured in the deep drift-filled valley of Glena-
smole, which stretches into the mountains south of Tallaght.
The water in this case rises on the granite slopes below
Kippure.

When our eyes travel above the cultivated drift-mounds
and the wooded taluses on the slopes immediately south of
Dublin, we perceive at once the characteristic features of
the granite core. A good road, too little known to visitors,
runs from Rockbrook eastward to the top of the hill above

1 Compare Jukes, “ Manual of Geology,”” ed. 3 (1872), p. 229.
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Dundrum. On one hand the ground drops quickly to the
plain of the lower Dodder and the Liffey, while, beyond the
smoke-dimmed towers of Dublin, the limestone country
rises, and spreads as a broad plateau to the north. On the
south, granite everywhere prevails, and the white rock
shows freely through furze and woodland on Kilmashogue,
and is largely quarried, by a community of cottagers, high
upon the slopes of Three-Rock Mountain. Here we traverse
the old Slieve Roe, the northern buttress of the moorland,
which still offers close to Dublin the welcome freedom of
the heather. Small tors, like those of Dartmoor, occa-
sionally erown the summits; but crags are rarely seen in
this ancient and worn-down ridge of Leinster.

The glens cut in the granite by the transverse streams
have broad and glaciated floors, into which sweeping
and overgrown taluses descend. ' High up, on the domed
summits, the cracked and diminishing peat slides away from
the crumbling rock, and a coarse sand of quartz, felspar, six-
sided plates of mica, and granite fragments, is developing
in its place. The roots of trees in the natural sections of
the peat show how a forest-epoch preceded the damper one,
during which the upper layers of the peat accumulated. At
present, as is common throughout Ireland, and probably
throughout Europe generally, a drier epoch has setin; and
the bare grey patches of granite on the moors of Lemster
continue to spread from year to year. '

These great desolate moors, which have never been
inhabited,! make a profound impression on those who
care to traverse them. It is a familiar climb from Dublin
over five stiff miles of the Military Road, engineered
across the heads of the glens soon after 1798, to the
heather-platean of Killakee Mountain. After a drop into
Glencree, the road winds boldly up beside the glacial
cirques of the two Loughs Bray; and then, crossing the
infant Liffey, we descend to the pass of Sally Gap (1634
feet). The next eight miles of the road, with no shelter

on it but a keeper’s lodge, afford some of the wildest land-

! Compare map in R. Fraser, ¢ General view of the agriculture and
mineralogy, &c., of the County of Wicklow,”” Dublin (1801).
c2
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seapes in the chain; and a certain relief is experienced, if
the day is gloomy and the clouds stream down from the
great domed masses on the west, when we see below us
the first white farms on the schistose floor of Glenmacnass.

Mr. H. J. Seymour contributes the following account of
the intrusive rocks on the margin of the Leinster chain :—
¢ In the southern portion of the district, lying mainly well
to the east of the granite, are a number of dykes of igneous
rock of two different types, acid and basic, and, like the
granite, intrusive in the Silurian slates and shales. The basic
types are chiefly sheared andesites, and have been examined
by Hatch and others in detail. They were formerly, on
account of their apparently bedded structure, regarded as
ashes, and were mapped as such by the original workers
in this district. Hatch,! however, correctly determined
them to be sheared igneous rocks and mainly hornblende-
schists; and it is doubtful if any ashes occur in the area at
present deals with.

“The acid types also, for like reasons formerly regarded
as volcanic ashes, are now known to be sheared felsites,
which are frequently porphyritic. They are more interest-
ing types than the basic rocks, and fall into two groups,
potash-felsites and soda-felsites, or keratophyres, the former
predominating. They represent the hypabyssal phase of
the potash- and soda-granites, which oceur as outliers on the
eastern side of the main granite mass, but chiefly south of
the present district. These felsites show many of the
characteristics of lava-flows : some of them, as at Arklow,
are beautifully fluidal; others show spherulitic and perlitic
structures, and, except for their obvious devitrification,
closely resemble modern rhyolites.”

The Leinster chain, then, and its foothills, with the
outlying Silurian exposures at Portrane and Balbriggan,
represent in our area the Caledonian continent, the earliest
land-surface that we know in eastern Ireland. The rivers
entering the Devonian lakes deposited the 0ld Red
Sandstone in the hollows of this continent, and the lake-
floors sank under the load of conglomerate, sand, and shale

! Hatch, Mem. to Sheets 138 and 139, Geol. Survey (1888), p. 49.
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until a vast thickness had accumulated. South-west of
Dublin, conglomerates that probably belong to the Old
Red Sandstone series occur between Newcastle and Kill,
but are poorly exposed. Jukes! estimated their thickness,
as they abut on the Silurian slates, as not more than 200
feet. Similar conglomerates of pebbles of quartz and
quartzite are found stretching across the Portrane pro-
montory, and were formerly well seen close to the railway-
station of Donabate. They emerge on the north shore of
the promontory, where their relations to the Ordovician
lavas are obscure, and also in Broad Bay in the north-west
corner of Lambay.> The horizon of the Carboniferous beds
that overlie them is probably a low one; but the conglom-
erates themselves may possibly be of Lower Carboniferous
age, as Mr. G. H. Kinahan® has always held. Professor
Sollas? also regards them as marine beaclies, formed on the
flanks of the Caledonian mass that united the mountain-
lands of Wales and Ireland. A residual patch, too small
to be represented on the map in this Handbook, occurs at
the south end of Shenick’s Island, and another occurs at
Stamullin, west of Balbriggan.

The land sank steadily in Carboniferous times, and it
is probable that the Leinster highland became entirely
submerged. It had already, however, undergone prolonged
denudation, and pebbles of granite and flakes of mica-
schist have been found in the muddy Carboniferous lime-
stone in several quarries to the south of Dublin.® The dark
argillaceous limestone is locally known as ¢ calp,” a name
introduced into scientific literature by Kirwan. On exposure,
it often reveals a shaly structure, by removal of the calcium

I Memoir to Sheet 111, Geol. Survey (1860), p. 15.

2 See Seymour, Irish Naturalist, 1907, p. 10, and Plate 5.

3 ¢ Mannal of the Geology of Ireland’’ (1878),p.64. See also Cole,
¢ County Dublin,’’ Irish Naturalist, 1892, p. 73.

4 Proc. Geol. Assoc., vol. xiii., p. 112. o

5 Haughton, ¢ Notice of the occurrence of fragments of Granite in
Limestone,”” Journ. Geol. Soc. Dublin, vol. v. (1851), p. 113 : Mont-
gomery, ‘ Granite in Limestone near Rathfarnham,”” Journ. R. Geol.
Soc. Ireland, vol. i, (1864), p. 15; and Geol. Survey Memoir to Sheet
112 (1903), pp. 77 and 10.
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carbonate that bound the whole together ; and black clay-
residues of this type of limestone, which have become
porous and very light, are common as pebblesin the glacial
gravels. The mud of the calp, no doubt, represents the
downwash from the Caledonian land, where slates and
shales sent their detritus’into the sea, just as they do from
Howth and Bray Head at the present day.

Conglomerates, true sea-beaches, were formed locally,
and at various horizons, in the Carboniferous system, and
became intercalated with the organic deposits that gave
rise to limestone. On the promontory of Rush, east of
the village. a good example occurs, and a more conspi-
cuous bed lies almost parallel with the modern beach-surface
south of Skerries. In the latter case, the Silurian beds are
close at hand, and the conglomerate of blocks worn from
them is one of the many evidences of what may be called
the Caledonian unconformity.

The highest Carboniferous beds in our area are certain
outlying patches between Dublin and Drogheda, represented
on old maps as Coal-measures, but referred by the Geologi-
cal Survey, about 1876, to ‘ Millstone Grit and Yoredale
Beds.” On the map accompanying the present volume
they are described as ‘“ Shale and Sandstone Series above
the Limestone” ; and Dr. W. Hind hasincluded them in his
Pendleside Series.! The black shales of this series, rich in
Posidonomya Becheri, are seen in contorted synclines on the
Loughshinny coast, where erumpling and overfolding may
be studied in the solid, not merely in section ; the anticlinal
arches and synclinal ¢ spoons * of the underlying ¢ Upper
Limestone’ here run out at right angles to the shore. The
dark clayey and cherty rocks, once referred to the Upper
Shale series, between Rush and Brool’s End, have been
shown by Dr. Matley? to represent locally a zone in the
limestone, from which the calcareous matter has been
dissolved away.

In the paper just quoted, Dr. C. A. Matley and Dr. A.
Vaughan have examined the fossil evidence near Rush,

1 Q. Journ. Geol. Soc. London, vol. Ivii. (1901), p. 875.
# ¢ Carboniferous Rocks at Rush,” ibid., vol. Ixii. (1906), p. 293.
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and have shown that the beds here range from the Upper
Zaphrentis-zone to the Upper Dibunophyllum-zone. The
fossils are carefully noted, and referred to their respective
horizons.

The same authors have also deseribed the Carboniferous
sections towards Skerries, and have reconsidered the Rush
area, in a paper read before the Geological Society of
London in 1908.

Two of the principal quarries from which Dr. A. H.
Foord! gathered his fine series of Carboniferous cephalopoda
lie in the area dealt with in this Handbook ; St. Doulagh’s
is reached from Portmarnock station, which lies some two
miles east of it ; and Clane is in the plain of Kildare, about
four miles north of Sallins.

On the shore between Skerries and Rush, at Sutton
near Howth, and at other places, brown dolomite has
occasionally arisen through chemical alteration of the
limestone.

Flint (chert) is also common, in irregular pseudomor-
phic masses, or in beds enclosing casts of the larger
fossils, such as crinoid-stems, which escaped replacement
by the silica.

In the Kilkenny coalfield, a high synclinal outlier
resembling the Forest of Dean, rising on the west side
of the Leinster chain, true Coal-measures occur above
a considerable series of grits and shales. The next
Coal-measure outlier lies above Kingscourt, far away on
the Meath and Cavan border ; but there is reason to believe
that the elevation of the sea-floor towards the close of
Carboniferous times allowed of a general growth in our
area of those great forests to which we owe our coal-seams.
But this elevation continued; a crumpling of the whole
system of rocks set in; and at the same time denudation
wag active in working against the crests of the new
¢t Hercynian ”’ mountain-chains., Even the Old Red Sand-
stone, involved in the same crumpling, became revealed in

1 Palzontographical Society, volumes for 1897, 1898, 1900, 1901,
and 1903.
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anticlinal folds. In places, as in Slieve Bloom, the crests
of these folds were cut through still further, and the uncon-
formable Caledonian land-surface, underlying the sand-
stone, once more lay exposed, as part of the new Hereyn-
ian continent, which stretched eastward through the
European region.

The main axes of folding ran in this case from east
to west, as is exemplified in their general arrangement
in the north of the county of Dublin; but the Leinster
chain, which had been moulded so long ago, and which
was strengthened by its granite core, served as a groyne to
divert the earth-waves as they pressed forward from the
south. The Hercynian folds along the west side of the
chain conform, therefore, to the Caledonian trend, as may
be seen in the Slieve Ardagh and Kilkenny coalfields, and
in the Devil’s Bit and Slieve Bloom axis, which rises
from the central plain.

We have no clear proof that the south and centre of
Ireland were ever again invaded by the ocean from the
opening of Permian times to the present day. Relics of
marine Permian deposits occur, however, in the counties
of Down and Tyrone. A continental type of Trias follows,
and red sandstones and marls of this age doubtless extended
over the Dublin area. The great FEuropean sea of Jurassic
times reached the counties of Antrim and Londonderry,
probably across Cheshire, or perhaps from the north, where
it has left its traces in the Inner Hebrides. In the latter
and less probable case, a shore may have been formed by
the Caledonian axis of elevation that runs from County
Longford into the Southern Uplands of Scotland, and the
greater part of Ireland may have remained free from sub-
mergence. Similarly, the mid-Cretaceous transgression led
to the deposition of sandstone and chalk in the north of
Ireland. These beds are protected, like the feeble repre-
sentatives of the Jurassic, by a later covering of basaltic
lava. Cretaceous flints abound in the drift-gravels of the
Dublin area; but all of them may have been imported
during the Glacial epoch. The remarkable distribution,
however, of flint- and chalk-fragments in the Atlantic
floor off the west of Ireland, as revealed by the recent



Geology. 25

dredgings of the Fishery Branch of the Department of
Agriculture, points to true Cretaceous deposits in other
places than in the north. It is fully recognized, moreover,
that the present limits of the Chalk in the Britannic
area result from the action of denudation, which prevailed
in many localities throughout tlie whole of Cainozoic time.
Cainozoic dykes are unknown in the south-east of
Ireland, whence we may conclude that the surface was
not covered by lava-flows, such as those which form
protective plateaus in the north. Our Carboniferous
deposits, then, have undergone almost continuous denu-
dation during the Cainozoic era ; they were, moreover,
greatly attacked throughout the Irish area, as may be
seen in the Dungannon coalfield, before the Triassic
beds were laid down. A peneplain has resulted, extending
over the whole of central Ireland, and reaching to the
sea at Dublin and Galway Bays. The more resisting
masses of the Old Red Sandstone and the Leinster
chain stand out as great bars wupon its surface, but
are destined also to decay, unless elevation again sets
in. We owe to Professor W. M. Davis this substitution
of the peneplain, a surface of subaerial wasting, for the
older conception of a ¢ plain of marine denudation’;
and there is now no reason to attribute the uniformity of
the surface of our Carboniferous deposits to any subsidence
leading to an invasion by the sea. The Carboniferous
limestone is easily removed in comparison with many of
the rocks associated with it in the earth-folds; and hence
a perfect plain has not been attained in central Ireland.
But over wide areas the limestone is the prevailing
material ; and between Dublin and Galway few hills are
seen except those formed by eskers and other types of
glacial drift. In cliffs like those on the Boyne at Beau-
pare, or on the shore at Lioughshinny, south of Skerries, we
may note the intense crumpling of the limestone strata,
and may realize how this has counted for nothing in
producing features on the present denuded surface.
This great plain of Ireland, which is cut into by the sea-
coast near Dublin, possesses, however, the general character
of a broad syncline; and the Carboniferous strata were
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lowered somewhat in this region, while they appeared for
a time on the crests of high arches in the south. As we
have already seen, this lowering has not saved the Upper
Carboniferous beds from denudation, outliers alone being
now left of a series that no doubt once overlapped and
concealed the whole Carboniferous Limestone in this area.

So far, the essential features of the Dublin district are
due to geological events of high antiquity. The most pro-
found modification of the surface-conditions took place,
however, during the Glacial epoch.

The description of the advance and recession of the ice,
and of the features that it has left behind, has been under-
taken by Mr. J. R. Kilroe, one of the authors of the Survey
Memoir on the Geology of the country around Dublin, and
of the revised Sheet 112, on which the drift-deposits were
first portrayed in detail.

GLACIAL DEPOSITS.
By J. R. KiLuog, A.R.C.SC.I.

ExamprLes of the manifold indications that testify to a
succession of glacial and post-glacial phenomena through-
out the British region during post-Pliocene times occur
within a comparatively small area lying to the north, west,
and south of Dublin; and many of the most interesting
problems arising out of the distribution of the drifts are
encountered here. Little that is new remains to be added,
to throw light upon the features presented in this well-
travelled area. The writer’s task is to present, in a
convenient form, facts already well established, and the
hypotheses by which they are best to be accounted for;
and happily, in the carrying out of this purpose, his
personal knowledge of the ground can be supplemented by
appeals to an extensive literature.

Observations by Mtelligent investigators date back to
the thirties of the last eentury, when John Scouler! wrote

! Journ. Geol. Soc. Dublin, vol. i., pp. 266-276, and Proc. Geol. Soc.
Lond., vol.ii., pp. 435-437.
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¢“On certain elevated Hills of Gravel, containing Shells,
in the Vicinity of Dublin”; and when Joshua Trimmer
described certain relations of these drifts—as seen at
Bray, Howth, and Glenasmole—to those on the opposite
side of the Irish Sea.

In the forties, Thomas H. Por(;er:,l Thomas Oldham,?
G. V. Du Noyer,* and (8ir) R. Kane* were at work on the
superficial deposits, as well as upon other details of the
geology of this interesting region.

In the fifties, John Kelly® described the drift of the
district about Rathfarnham, in the county of Dublin; and
J. R. Kinahan® gave an account of the ¢ Fossils from the
Marine Drift of Bohernabreena, County Dublin.”

In the sixties was issued the Explanatory Memoir of
the northern part of the present region (Geol. Survey,
Sheets 102 and 112), by J. B. Jukes and G. V. Du Noyer
(first edition). In 1862, James Smith” described what he
named ¢ Elevated Marine Beds,” Howth and Bray beds,
&e. Two years later Rev. Maxwell H. Close® read his
paper on the ‘¢ General Glaciation of the Rocks in the
neighbourhood of Dublin”’; and G.H. Kinahan® wrote in
1866 ‘ Notes on some of the Drifts of Ireland.”

In the seventies J5. Hull'® published ‘‘Observations on
the General Relations of the Drift Deposits of Ireland
to those of Great Britain,” referring to the drifts of
Dublin ; and, following this, G. H. Kinahan" discussed
the Middle Gravels (?) of Ireland. A. Bell* described the

!Proc. Roy. Irish Acad., vol. ii., pp. 37-40.

2 Journ. G. S. Dub., vol. iii., pp. 61-T71.

3 Ibid., p. 255.

4 ¢ Industrial Resources of Ireland,”’ 8vo, Dublin.

5Journ. G. 8. D., vol. vi., pp. 133-165, map, &ec. J

6 Tbid., vol. viii.,, pp. 87-88; also Nat. Hist. Review, vol. v.,
pp. 167-168.

7¢¢ Researches in Newer Pliocene and Post-Tertiary Geology,”” 8vo.

8 Journ. Roy. Geol. Soc. Ireland, vol. i., pp. 3-13, P 91-93; Dublin
Quart. Journ. Sci., vol. v., pp. lu 187.

9 Ibid., vol. i., pp. 191-207, and Dub. Quart. Journ Sci., vol. vi.,
op. 249-265.

10 Geol. Mag., vol. viii., pp. 294-295.

11 Thid., vol. ix., pp. 265-268. 12 Ilid., vol. X., pp. 447-453.
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¢ Paleontology of the Post-Glacial Drifts of Ireland” ;
M. H. Close,’ the ‘“ Elevated Shell-bearing Gravels near
Dublin’; G. H. Kinahan,? the ¢ Glacialoid or Re-
arranged Glacial Drift ; Irish Drift*—sub-group, Meteoric
Drift; Irish Drift*—sub-group, Aqueous and Glacial Drifts’;
and M. H. Close® referred to the drifts in his ‘“ Physical
Geology of the neighbourhood of Dublin,” a paper that was
written for the British Association Guide to the County
Dublin, in 1878. A second edition of the Explanatory
Memoir accompanying Sheets 102 and 112, by E. Hull, was
published in 1875 ; a paper on the origin of the Scalp,® and
one on the ¢ Geology of the Environs of Dublin,” by the
same author,” in 1878 ; and in this year also a ¢ Manual of
the Geology of Ireland,”” by G. H. Kinahan.

In the eighties, G. H. Kinahan® wrote on the Boulder-
clays and Associated Gravels; Carvill H. Lewis,’ ¢ Com-
parative Studies upon the Glaciation of North America,
Great Britain, and Ireland’’; A. Bell, Second!’ and Third"
Reports of the Committee upon the Marine Gravels of
Wexford.

In the nineties, the Fourth' Report of the Committee just
mentioned appeared, as did also ¢ Physical Geology and
Geography of Ireland,” by E. Hull (second edition); articles
by G. A. J. Cole on ¢ County Dublin Past and Present,”®
and on Glacial Drift of the Irish Channel,* including first
notices of Ailsa Craig rock at Killiney, and Greenore.!®

! Journ. Roy. Geol. Soc. Ireland, vol. iv., pp. 36-40; Geol. Mag.
dec. 2, vol.i., pp. 193-197.

2 Ipid., pp. 111-117, 169-174.

3 Journ. R. G. 8. I., vol. iv., pp. 115-121.

4 Ibid., pp. 210-218.

% Sei. Proc. Roy. Dub. Soc., vol. i., pp. 133-161; J.R.G.S. I,
vol. v., pp 49-77.

%Sei. Proc. R. D. 8., vol. i., p. 11.

7 Geol. Mag., dec. 2, vol. v., pp. 457-460.

& Sei. Proc. Roy. Dub. Soc., vol. iv., p. 207.

9 Rep. Brit. Assoc., 1886, p. 632. 10 Jbid., 1888, pp. 133-141.

11 Jhid., 1889, pp. 92, 93. 12 T3id., 1890, pp. 410-424.

13Trish Naturalist, vol. i., pp. 9, 31, 53, 73, 90.

14 Nature, vol. xlvii., p. 464.

15 See also Dublin Microscopical Club, in Irish Nat., vol. ii., p. 172.
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In this decade appeared further contributions from Carvill
Lewis, papers and notes on the Glacial Geology of Great
Britain and Ireland!; as well as papers by T, Mellard Reade
on the ¢ Dublin and Wicklow Shelly Drift,”? and on the
““High and Low Shelly Drifts around Dublin and Bray’’3;
by W. J. Sollas, on the ¢ Geology of Dublin and its
neighbourhood "’ ¢; and by the same author, in conjunction
with R. Lloyd Praeger, on * Glacial Deposits in Ireland.”’?
In 1897 M. H. Close® wrote on the former abundance of
Granite Boulders in the south-east neighbourhood of
Dublin; and in 1902, W. B. Wright described the Glacial
Origin of Glendoo.”

The ¢ Summary of Progress’ of the Geological Survey
for 1901—issued 1902—contains an account of the Dublin
Drifts; in 1902, J. de W. Hinch published a ‘¢ Contribution
to the Glacial Geology of the County Duklin’’ 8; and W. B.
Wright described some results of the Glacial Drainage
around Montpelier Hill, County Dublin.?

In the following year, 1908, was issued the ‘ Geology of
the country around Dublin,”” a memoir explanatory of the
Geological Survey Drift-Map of the Dublin area, Sheet
112, surveyed in 1901 under the supervision of G. .
Lamplugh, r.r.s., and the direction of J. J. H. Teall, r.r.s.,
which gives a comprehensive and detailed account of the
superficial deposits of the country some six miles around
Dublin on the north, west, and south, and eight miles
towards the south-west and south-east. The drifts of
Lambay have siuce been deseribed and mapped in detail by
H. J. Seymour in his account of the Geology of Lambay,
and have been also described by J. de W. Hineh, who
gives a list of the included shells in the boulder-clay.”

! London and New York, 8vo, 1894, pp. 83-166.

2 Proc. Liverpool Geol. Soc., vol. vii. (ii.), pp. 183-206.

3 Irish Nat., vol. iii., pp. 117-121, 150-153.

4 Proc. Geol. Assoc., vol. xiii., pp. 91-122.

3 Irish Nat., vol. iv., pp. 321-329.

6 Ibid., vol. vi. (1897), p. 29. 7 1bid., vol. xi., pp. 96-102.
8 Ibid., vol. xi., No. 10, pp. 229-236.

9 Sci. Proe. Roy. Dub. Soc., vol. ix., pp. 575-532.

10 Trish Naturalist, vol. xvi. (1907), pp. 7 and 14.
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CONFIGURATION OF THE SURFACE.

The region treated of in the present description extends
some eighteen miles to the north, twenty-four to the
south, and about six miles to the west of the city. The
inequalities of its surface not only promoted a diversity in
the drifts, but also to a great extent affected their distri-
bution. We have a plain, averaging 250 feet in height,
stretehing away north and west from Dublin, bordered on
the east by a marine channel some 50 to 70 fathoms in
depth ; and from the plain rises somewhat abruptly an
elevated ridge, culminating in Lugnaquilla, 8039 feet, and
dropping away eastward in an irregular series of ridges and
broken ground, with occasional conical masses, towards
the sea. The ridge terminates northward in Three-Rock
Mountain (1479 feet), against which, in the glacial epoch,
an ice-mass abutted, probably of sufficient thickness at its
maximum stage of development to overtop the summits
of the Dublin hills.? In its sluggish movements, chiefly
south-eastward, though probably also at one period south-
westward, the mass also encountered the lesser eminences
bordering the Channel, Howth Hill (560 feet) and the
Killiney group (512 feet), the present sentinels of Dublin
Bay, between which the Liffey had formed a pre-glacial
outlet at least some 60 feet in depth below the low-water
level of the present day.

The melting and decline of this great ice-mass would be
attended with the formation of fluvial deposits on the
surface of the ice, which, as the mountains and promi-
nences just named became cleared of ice, would assume, in
proximity to them, the character of more or less well-
washed gravels, such as are at present to be seen along

* Rev. M. H. Close has recorded the occurvence of far-travelled boulders
of limestone and white sandstone at 1760 feet elevation on the Fairy
Castle summit of Two-Rock Mountain; and he stated that ¢ there
are some facts which make it scarcely rash to conjecture that at one
time the glacial stream may huve moved right across the long ridge of
the Dublin, Wicklow, and Wexford mountaing, viz., the remarkable
rounded outlines of those mountains even to the summit of Lugna-
quilla itself.” Journ. Roy. Geol. Soc. Ireland, vol. i. (1864-1867),
p. 10.
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the flanks of the Dublin and Wicklow range, as well as
embanked against Killiney and Howth hills, and also
margining areas of rock which protrude above the general
level of the drifts in the low ground.

Dusrix axp Wickrnow Drirts.

Boulder-clay.—The prevailing variety of drift, to be
seen in numerous shallow openings throughout the 1eg10n,
is boulder-clay; and it is frequently to be seen in deep
sections, sometimes exceeding 100 feet in thickness. It
usually consists of dark-grey tough calcareous clay, studded
with smoothed and scratched boulders and pebbles of lime-
stone, and a few other kinds of rock. This boulder-clay,
with exceptions to be noted, has obviously been mainly
derived from the Carboniferous limestone of the area
stretching inland from the Dublin coast; and it wraps
itself round the Dublin range, rising to heights of some
hundreds of feet upon its slopes—to 1090 feet and 950 feet
in the valleys of Larch Hill and Ticknock respectively.

Boulder-clay of purplish and reddish brown colours is
also to be met with in this region, containing comparatively
few limestone boulders or pebbles, but many suggestive of
a northern origin, such as chalk and chalk-flints, Lias
limestone, with corresponding fossils, and fragments of the
characteristic rock from Ailsa Craig in the mouth of the
Firth of Clyde. The importance of this rock in the drifts
of the Irish Channel area was first noticed by Prof.
P. F. Kendall. The purple boulder-clay contains foramini-
fera and numerous marine shell-fragments, some. of them
striated ; and it is as strongly calcareous as the Antrim
boulder-clay, which it closely resembles, where this is in
most part derived from New Red Marl. Such boulder-clay
oceurs, for instance, between Belfast and Lisburn. The
reddish brown clay is usunally more sandy than the purple,
is less calcareous, or even non-calcareous, and contains de-
tached masses of the purple clay, as may be seen along the
Killiney cliffs—from which facts it is inferred that the
reddish brown clay is a rearranged representative of the
purple boulder-clay.

Both the 1eddlsh and dark grey varieties sometimes
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contain so great a percentage of rounded pebbles that they
may be described as clayey and shingly gravels, as may
be seen in a few sections between Shankill station and
the shore of Killiney Bay. Such gravelly drift forms great
mounds bordering the coast at Skerries; and southward of
Dublin it oceurs in the ground between the Wicklow hills
and the sea.

On the higher ground, where the rock is concealed by
shallow drift, the underlying rock—mica-schist, granite,
slate, or quartzite—contributes materially to the admixture
forming the covering, giving to the boulder-clay in those
places a local appearance. Between the granite outerop
and the ridge of Carrick Mountain, granitic detritus covers

Fie. 3.—N.-W. corner of Johnstown and Kill-o’-the-Grange sand-
pits. Boulder-clay (including soil, 9 inches; sub-soil, 1 foot 6 inches ;
undecalcified clay, 1 foot 9 inches); resting upon contorted sand and
gravel, a yellow oxidized zone intervening. Geol. Surv. Memoir to
Sheet 112 (1903), p. 112.

the lower ground, rising to a height of 1150 feet at Moneys-
town Hill. Here the underlying rock is mica-schist and
slate, and some of the granite blocks are of enormous size.
In the ground to the west of the Devil’s Glen, blocks up to
150 tons in weight have been carried outward from the
central ridge, five miles from the granite boundary. Even
where the granite occupies very low ground, covered with
shallow boulder-clay, the latter contains much granitic
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material, illustrating how _locally modified drift can
accumulate in such situations. ‘

In proximity to the high ground in many places, boulder-
clay of the local character just described may be seen rest-
ing upon gravels, as in the section above shown (fig. 8);
and stretching transgressively across the ends of tilted beds
of sand, gravel, and shingle, which alternate with layers of
boulder-clay, as may be seen at Killiney (see Plate IL).
- The local drift of Kitestown valley at Howth, which
may be considered a modified boulder-clay, extends. to
Balscadden Bay, where it overlies but merges with the
sand and gravelly drift there embanked against the eliff.

Fic. 4.—Sketch taken 250 yards south of exit of Loughlinstown
River on the shore ; boulder, 3 feet 6-inches in length, of purplish brown,
partially laminated boulder-clay, embedded in red boulder-clay which
is partially stratified. Geol. Surv. Mem. to Sheet 112 (1903}, p. 106.

Such are the data upon the strength of which we are
entitled to speak of an Upper Boulder-clay in this region ;
it usually presents a partially stratified appearance, and
contains angular blocks of stone, which, as stated above in
reference to the Wicklow drift near the mountains, are often
of very large size.

Layers of boulder-clay alternating with gravel may be
seen along the Killiney section, and in such relations as
to render it exceedingly hazardous to say that the lowest

D
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of these layers is technically Lower Boulder-clay. The
deposit to which this term may most justly be applied is
the purple variety seen in Kill-o’-the-Grange brick-clay pit,
and possibly in some sections along the Dodder River.
One reason for this belief is, that boulders of clay, in
every way similar to the clay of Kill-o’-the-Grange, occur
in the re-arranged red boulder-clay of the Killiney section.

Another reason has also been already noticed, viz., that
while the purple clay rests upon the rock at Kill-o’-the-
Grange, it ias nowhere in this region been found resting
upon boulder-clay of another kind—either the red re-
arranged clay, or the grey boulder-clay derived from the
limestone of the central plain.

The islets fringing the Dublin coast bear cappings of
drift similar to that of the contiguous mainland, which
testifies to the extent of the encroachment of the sea in
post-glacial times.!

Sand and Gravel.—Kilmashogue Mountain is fringed
by these depositson its north, west, and south flanks to an
elevation of over 1300 feet ; and the deposits appear at many
points southward along the range on its eastern side, often
assuming important proportions, as in the Cookstown River
valley about Enniskerry. They occur in three different
classes, which have been distinguished on the published
Drift Map of the Dublin area. These are :—

1. Intercalated layers of various thicknesses in, and
in many instances dovetailing with, boulder-clay.—Such
alternations may be observed in the Killiney cliff-section,
in the banks of the Dodder and its tributaries, and along
the streams which drain the slopes of the Dublin range.
The sands and gravels in these cases are but well-washed
representatives of the materials of the boulder-clay in the
vicinity, the contained stones being of the same kinds in
both, but more perfectly rounded in the gravels. The
gravels, and especially the coarse sandy layers, contain
shell-fragments similar to those found in the brown
boulder-clay.

! Cf. H.J. Seymour and R, L1, Praeger, on Lambay, Irish Naturalist,
vol. xvi. (1907), p. 112. .



-
-

Glacial Deposits.

2. Sand and gravel, irreqularly stra-
tified and disposed characteristically in
mounds and ridges (eskers), some of
which, however, scarcely form very
distinet features. A striking esker is
that which is traceable from the south
side of the Dodder by Balrothery north-
ward to Drimnagh, and thence, as dis-
continuous mounds, across the Liffey

to the vicinity of Castleknock. It is’

known as the Green Hills esker, and is
to be seen in some places resting upon
limestone (fig. 5), in others, as, for
example, one mile north of Green Hills,
upon boulder-clay. There is no doubt
that the accumulation was formed by
a rapidly flowing stream partly in and
partly under the melting ice-sheet,
which hurried along the sand, gravel,
and shingle of which the ridge is com-
posed ; and it is of interest to note that
the direction of this glacial river bears
no relation to the present drainage, and
is indeed transverse to it.

A much less manifest ridge, formed
of a great thickness of stratified well-
washed and rounded gravel, shingle,
and sand, is to be seen at Skerries
railway-station on the Great Northern
line, associated with great mounds of
gravelly drift, already mentioned. This
deposit consists of sueh well-washed
materials that it has supplied large
quantities for building purposes; and
here, as in many places elsewhere in
this region, the sand and gravel seem
to pass into those of the class first
mentioned, which tends to show that
they were in part laid down concur-
rently with some of the intercalated
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, east and west across the Green Hills esker, showing the boulder-clay and
(Geol. Surv. Memoir, Sheet 112, 1903, p. 99.)

resting on glaciated Carboniferous limestone (Calp).
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greatest depth about 40 feet.
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sand and gravel
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layers of the supra-glacial fluvial deposits. In general,
however, the two classes of deposits are quite distinet, and
the deposits of class (1) are absent from the summits of the
eskers.

3. Late Glacial Flood Gravels.—The latest stage of
melting, during the disappearance of the general ice-sheet,
has been marked by the promiscuous deposition of sand,
gravel, and shingle here and there over the flat-lying drifts.
The rushing waters proceeding from the ice that was melting
further inland eroded the loose materials already deposited,
in some cases cutting through thein into the rock beneath,
and “distributed the coarser products upon flood-plains.
The distribution is in many instances independent of,
because prior to, the establishment of the present courses
of drainage; in other cases, the flood-gravels occur as
coarse delta-fans at the mouths of valleys that once carried
voluminous streams.

4. Modern River-Gravels,—The streams and rivers drain-
ing the mountain-slopes have in flood-times become charged
with material from the easily eroded drifts, and have been
able to roll onward coarse gravel, shingle, and large stones, to
distribute the finer matter as alluvium in the lower reaches,
or even bear it out to sea, leaving the coarser material
in quickly-raised flats, over which the still rapid flood-
waters coursed. These deposits mark a later stage in the
geological history of our region than the one last deseribed,
in which the glacial flood-gravels were deposited ; and it is
to be noted that, while the glacial floods were for the most
part independent of the present drainage-courses, the
deposits here described were laid down by representatives of
the present streams, though flowing at higher levels.

These later flood-deposits then became trenchied and
eroded by the prolonged action of the streams and rivers,
now lessened in volume and restricted to particular
channels, and the gravel-deposits consequently have
assumed a terraced form. This erosion has proceeded
to such an extent as to leave the summits of some terraces
40 feet or more above the present stream, as in the case
of terraces along the Liffey below the gorge at Chapel-
izod. In recent times the Liffey has eroded not only the
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drifts, but also the underlying rock, where, temporarily
missing its old course, it has formed a new one by notching
the rock to some extent. A striking instance of this
is to be seen at Palmerstown, where the river forms a
gorge in the limestone; another instance may be seen
in the notch formed by a stream beside the road three-
quarters of a mile south-west by west from Loughlins.
town.

Thick deposits are to be seen along the course of the
Dodder and its tributaries at successive heights, which mark
stages in the erosion of the present valley. The small
Loughlinstown stream is interesting from the fact that
between the village and the sea it exposes glacial gravelsand
their associated boulder-clay high up on its south bank ;
gravelly and shingly terraces of old river-deposition, with
many angular blocks of granite, detached and washed down
from the notch already mentioned three-quarters of a mile
distant; in addition, terraces, slightly higher than the
stream-level, which have yielded large quantities of material
for building purposes; a deposit of glacial flood-gravels
spreading out from the stream to join it at the bay-shore;
and recent alluvium fringing the present course. All the
above deposits may be observed within the short limits of a
mile.

An exceptional river-flood, due to a rain-burst of some
five inches in twenty-four hours, which inundated Little
Bray in August, 1905, exposed a variety of drifts along
the greatly eroded banks of the Cookstown River. This
mountain-stream, swollen to the dimensions of an over-
whelming torrent, not only re-arranged the previously
formed river-deposits, but carried down much of the easily
denuded gravels of Glencullen, and cut into the boulder-
clay near Enniskerry (see fig. 6); it uprooted trees, and
carried away roads and bridges, distributing the shingle
and gravel, with other products of the general wreck, along
its course. On subsiding it left a thoroughly remodelled
bed. We are here afforded an apt picture of what
has doubtless often taken place, illustrating the ability
of even insignificant streams, when swollen, to form,
remodel, and in parts demolish beds of the coarsest material.
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Professor Cole informs me that in parts of Glencullen the
river lowered its bed in its older alluvium by as much as
18 inches.

Moraines.—Deposits of this class, which mark the
decline and recession of glaciers issuing from local snow-
fields, are also to be met with in this region. In Glenda-
lough, the Seven Churches and Round Tower stand upon
a morainic deposit; and at the head of Glenecree, the two
lakes, Upper and Lower Lough Bray, occupying the bottoms

F16. 6.—Section, about 5 feet high, in contorted boulder-clay, east
of Enniskerry. (From a photograph by H. J. Seymour.)

of circular combes or cirques, are margined on their eastern
sides by well-defined moraines, which slope downward to
the Glencree River. The terminal moraine of the upper
cirque merges into the southern lateral moraine of the
lower cirque; and the steep ridge thus formed between the
two lakes has preserved its shape admirably, and bears
huge erratics on its erest. Though a delta is forming in
the lower lake, the cirque behind maintains a bold vertical
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wall, its southern end projecting in the crag known as
Eagle Rock.

Dry Gaps.—In connexion with thesupra-glacial drainage,
the remarkable features named Dry (aps were formed.!
These consist of steep-sided gorges, with a freshness of
appearance suggestive of recent erosion, which, however,
cannot reasonably be attributed to the comparatively
insignificant streams, or mere boggy hollows, which they
now carry. Their geographical position, moreover, is
transverse or oblique to the direction of present drainage,
and must therefore have been determined by conditions
which no longer prevail. Thus, about a mile south-west
of Rockbrook, the Killakee Valley, running northward,
is connected with the Piperstown Valley, running north-
westward, by a pass or gorge west-by-south, which
trenches the intervening mountain-spur, severing Mont-
pelier Hill (1271 feet) from the main group. The gorge
is about 500 yards in length, 90 or 100 feet high, and
1085 feet above ordnance datum in its central portion,
whence it throws off insignificant streams east and west.
Other interesting examples are to be met with south of the
road from Golden Ball to Carrickmines. This road runs
along the foot of a spur, extending north-eastward from
the mountain-group; and the spur is cut transversely by
two gaps, the principal of which is the Dingle, the easterly
member of the pair; the second runs parallel to it by
Rockville. A view of the Dingle is shown in Plate I.; it
is practically level throughout its length, though a small
rivulet, issuing at its southern end, carries off the drainage
which collects in swampy ground near the middle of the
gorge. The grander and more familiar scenic feature,
known as the Scalp, which traverses the Ballybetagh and
Ballycorus spur almost at right angles, carrying the main
road southward from Kilternan to Enniskerry, presents
similar conditions on a much larger scale ; and still further
south the conditions are reproduced in the Glen of the

1 Mem. Sheet 112 (1903), pp. 40, 50, 115, 116, 119, 123, 124. See
also paper by W. B. Wright, Sci. Proc. Roy. Dub. Soc., vol. ix., 1902,
PP 575-582.
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Downs near Delgany, which holds the same south-easterly
direction as the Scalp. No trace of glaciation has been
noticed on the walls of these gorges, though strize have
been found upon the summits of the spurs which they
traverse ; and this observation, equally with the new or
fresh appearance of the gaps, forbids the supposition that
they are due to pre-glacial drainage, in their present form
at least. The uniformity of condition, moreover, and the
entire independence of the direction of the gap in each
case, as compared with that of present drainage, point to
their formation by torrential streans, controlled by the
disposition of the ice in the glacial epoch. Such streams
flowed either over ice which covered up the present
‘contours, or from temporarily dammed-up bodies of water,
‘maintained at the requisite level for a sufficient time by
water from the melting ice. Mr. G. W. Lamplugh was the
first to apply this explanation to features in the Dublin
district. It is based on numerous observations in other
areas, especially in North America.}

Ogr1GIN oF THE GrAciaL DEPoSITS.

In the foregoing general description of the glacial and
post-glacial deposits, it has been assumed that their
-existence is entirely attributable to land-ice ; that is to say,
‘to the existence and melting of a slowly moving mass, of
sufficient thickness and continuity, at one stage at least, to
overtop the Dublin hills on the one hand, and to shut out
ocean-waters from the Irish Sea on the other. The
literature of the subject, however, indicates that this has
-not been a universally received hypothesis; and an expla-
‘nation of the present point of- view is necessary.
"~ The - occurrence of marine shells in the drifts has
naturally been suggestive of submergence, and the gravels

! Amoug recent papers on the subject may be cited Lamplugh, Hand-
book - Liverpool Meeting Brit. Association (1896), p. 179 (Isle of Man);
‘H. L. Fairchild, Geol. Mag., 1879, p. 529 (New York State); P. F.
Kendall, Rep. Brit. Assoc., 1899, p. 743, and Quart. Journ. Geol. Soc.,

<London, vol. lviii. (1902), p. 471 (Cleveland Hills); Dwerryhouse, ibid.,
-p. 572 (Teesdale and Tynedale); “and Calhoun, ** Montana Lobe “of
Keewatin Ice-sheet,” Prof. Papers, U. S. Geol. Survey, 1906, p. 40, &c.
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have been attributed to the melting of floating icebergs
laden with detritus. The existence of stratified deposits
amongst the drifts has been also cited in support. That
this older hypothesis should be adequate, submergence to
the extent of 1300 feet at least would be necessary for the
laying down of the Kilmashogue gravels; while submer-
gence to a much less extent—sa,y 100 feet—would be
required for the perfect washing, rounding, and stratifi-
cation of the Killiney and other gravels and shingle,
which alternate with layers of boulder-clay. It it difficult
to think that water deep enough to float boulder-carrying
icebergs could form the alternating layers of gravel and
shingle,

The fragmentary condition of the marine shells has also
led to much discussion. The earlier writers, Oldham,
Scouler, Kelly, J. R. Kinahan, and the authors of the first
edition of the Dublin Survey Memoir, all attributed the
shell-bearing drifts to marine formation during sub-
mergence. Such a view was, indeed, in conformity with
the prevalent opinion as to the general origin of drift
through the agency of floating ice. M. H. Close, who, in
1864, attributed the glaciation of this region to a wide-
spreading current of ¢ glacier ice, which probably covered
the greater part of the country, and hereabouts came from
the north-west,” concurred in regarding the shell-bearing
drifts as having been carried thither by floating ice,
although he recognized that the surfaces of the drifts at
Ballyedmonduff (1000 feet) and at Caldbeck Castle (1200
feet) are not those of raised beaches, and that the marine
fauna represented in the fragmentary shells did not live
and die in the position in which it is now found.!

Prof. Hull ascribed the deposits named by him the
Middle Sands and Gravels, including those along the
Killiney cliffs, to marine agencies, supposing the land
to have been submerged ; and Prof. Sollas, in 1893,
while regarding the whole of Ireland to have been buried
in a mer de glace, * with the exception of a few high

! Journ. Roy. Geol. Soc. Ireland, vol. iv., pp. 36-40, and Geol. Mag.
dec. 2, vol. i, pp. 193-197.
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peaks,” admitted that it might still be necessary to regard
submergence as the condition under which the shelly
“boulder-clay was deposited.! A similar view was main-
tained by Mr. T. Mellard Reade in the following year.?

A strong consensus of opinion, therefore, favoured the
‘view of submergence, and this necessarily to the extent
of some 1400 feet, notwithstanding the difficulties presented
as sketclied on p. 41. The late Professor Carvill Lewis,
however, in 1886 expressed his belief,® consistently main-
. tained in 1894,/ that the Dublin shelly drifts, including the
high-level gravels, could be regarded as morainic matter,
originating in a great glacier from the north, which filled
up the Irish Sea, and carried materials from its floor on to
the land. Igneous rocks, flints, &c., from the counties of
Antrim and Down had long been known to be abundant
in these deposits. The discovery, first made by Prof. Cole,
of Ailsa Craig rock in the Dublin drifts, is confirmatory
of the conclusion that much of the material of the drifts—
particularly the brown calcareous boulder-clay, as previously
suggested—was borne southward.

The deposition of the drifts entirely from glacier-ice, as
suggested by Carvill Lewis, is the standpoint from which
they have been described in the Memoir accompanying the
Drift-Map of the Dublin area ; and the reasons for adopting
this view are ably summarized by Mr. G. W. Lamplugh on
pp- 46 and 47 of the Memoir—a view in which the present
writer concurs.

Briefly put, the reasons are as follows :—

1. Submergence would be certain to have left traces of a
sea-margin, raised beaches, &e., were it sufficiently prolonged
to admit of successive layers being deposited from icebergs ;
but no such indications are noticeable around the Dublin
hills.

1« The Geology of Dublin and its Neighbourhood,”” Proc. Geol.
Assoc., vol. xiii., pp. 116-120.

2 Proe. Liverpool Geol. Soc., vol. vii., pp. 183-206.

3 Rep. Brit. Assoc. for 1886, p. 632.

4 Glacial Geology of Great Britain and Ireland. London, 1894,
pp. 145-153.
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2. On the contrary, the gravels, with their stones in a
well-washed and well-rounded condition, occur at many
levels, sometimes intercalated with boulder-clays, and often
without this covering. The shells contained in them are
not only fragmentary, but occur in an utterly mixed
manner as regards species and' genera, and are nowhere
seen in a position suggestive of their natural place of
growth.

3. The drifts, both in character and arrangement, are
entirely explicable on the hypothesis of land-ice. A thick
covering of ice, which at one stage moved from the north-
west, as will be shown, and at a previous stage probably
moved from the north-east in the present region, yielded,
on melting, alternating fluvio-glacial deposits—gravelly
layers,and boulder-clays from mud-deluges—upon themuch
lowered surface of the ice, followed by the glacial flood-
gravels spread out here and there from its receding margin.

It may be admitted that there was subsidence below sea-
level prior to glacial times, but to what extent, and how
long before, we cannot say. Possibly, such took place
immediately prior to the glacial period, aud continued for
some time during it, the ocean-waters being subsequently
excluded from this area by thick ice.

GLACIATION OF THE REGION.

The origin of the drifts being bound up with the glacia-
tion of the region, reference to the latter may now be made.
Numerous patches of striated rock have been met with
throughout; and, as was long ago shown by Mr. Close, the
striee almost uniformly indicate a movement of Jand-ice from
W.N.W. They are represented on the Drift-Map of Dublin
at an elevation of 800 feet on the north slope of the Three-
Rock Mountain, and near the summits of Howth and
Killiney Hills, while they are to be seen at Portrane on a
surface of Silurian grits about 15 to 20 feet above sea-level,
pointing eastward.

The latter direction is significant in view of the fact that
the hollow of the Irish Sea once carried an overwhelming
glacier. It would seem to show that the strize at Portrane
indicate a stage of glaciation later than the existence of an
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ice-obstruction in the Channel, and were formed during the
latest stage of general glaciation from the west. The sur-
face at Portrane is generally level, and not such as to
constrain ice-movements in any special direction.

At Killiney Hill (512 feet), on the contrary, strie, which
may be traced from its northern base upward along the
slope to the summit, show a distinet and gradual diver-
gence towards the south from the prevailing direction.
This divergence is as great as 40° at Mount Eagle, on the
south side of the hill, and can only be attributable to pres-
sure of ice from the channel, as the glacier which filled it
expanded somewhat on reaching the sinus of Killiney Bay.
These strie, then, belong to astage of the glacier’s decline,
preceding the stage of glaciation previously referred to in
connexion with Portrane. Still earlier stages impressed
their indications on the Dublin range ; even if we attribute
to ordinary weathering the rounded appearances which led
Mr. Close to conjecture a stage at which the great ice-mass
may have sent a stream right across the range, there is
unquestionable evidence of those stages in rock-scorings on
the north shoulder of Three-Rock Mountain at 800 feet
elevation, boulder-clay at 1009 feet in Larch Hill valley,
and gravels which were probably washed out of boulder-
clay material at a still greater height—all indicative of
early stages of glaciation—all indicative, too, of an ice-flow
from the W.N.W. which carried the materials of a grey
boulder-clay from the limestone region. Evidences of a
gradual decline in the ice-mass may indeed be traced from
the extreme in which it topped the Dublin mountains to that
in which it slipped unobstructedly into the Irish Channel.

Referring now to the purple clay of Kill-o’-the-Grange
and other points along the Dodder and margining the
Wicklow coast, it appears to be of earlier deposition than
the grey and red drifts, to some of which it furnished
boulders of boulder-clay (pp. 84 and 47). This last fact
suggests that, prior to re-arrangement, it must have been
much more generally distributed, and that it supplied other
contents to the later drifts, including stones and fragmen-
tary shells, which could scarcely be supposed to have come
in land-ice from the W.N.W.
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The striated condition of some of the shell-fragments,
as well as the fragmentary state of almost all of them, in
the purple clay, as well as in the gravels, &ec., proves that
they must have been subjected to considerable pressure
and differential movements in the containing ice-mass.
The accumulation and movement of this clay in and under
a great overwhelming glacier, as Carvill Lewis supposed,
streaming down from Scotland, and carrying materials

“from the channel-floor to a considerable distance and

height beyond the present Irish ecoast-line, and at a
period antecedent to the ice-flow from the W.N.W., are
consistent in every way with the phenomena described
in the preceding paragraphs. Even the lack of strie
attributable to an ice-flow from the channel inwards,
though unfortunate in some respects, is consistent with
the abundance of evidence for the later flow ; for by this,
a former system of striee, had it existed, would have been
obliterated. A system indicating a westerly flow in Ulster
was described many years ago by the present writer; and
more recently additional proofs of this flow! were observed,
south-west of Belfast, in the vicinity of Ballymena,? and in
the north of Londonderry.® It is probable, therefore, that
the Irish Sea glacier, subject to pressure from accumula-
tions in the Cumberland region at its maximum stage of
development, invaded the Dublin region, pushing beneath
it matter from the sea-floor, including some dropped in the
channel from previously floating icebergs.

Derams or Drirr SEcTIONS.

Kill-o’-the-Grange Clay.—The boulder-clay at Kill-o’-
the-Grange seems to represent.the oldest glacial deposit
met with in the distriet. It is well exposed in the large
brick-clay pits, half a mile west by south of Glenageary,
and about two miles from the tram-line by Glenageary-
road. The deposit is strongly calcareous, and remarkably
homogeneous in character throughout, except where a

! Memoir accompanying Drift Map of Belfast area, p. 97.
2 As lately observed by the writer.
$ Memoir accompanying Drift Map of Londonderry district, 1908.
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lenticular band of gravel and shingle, with granite boulders,
occurs near the top.

The mass, which totals about 40 feet in depth, rests
upon granite, of which rock it contains.a few boulders of
large dimensions. It also contains, however, numerous
stones of small size, chiefly pebbles of green grit, slate,
limestone, basalt, chalk, and Cretaceous flints. A per-
centage list of kinds picked up at random has been given
in an article by Professor Sollas and Mr. R. Ll. Praeger,!
as follows :—

Carboniferous limestone,
Basalt, L
Carbomferous sandstone, .
Hard chalk,

Slate, !

White quartmte,

Felstone, .

Black flint,

Cambrian sandstone
Cambrian slate,
Coal-measure shale,

Black micaceous grit,
Triassic sandstone,
Epidiorite,

Granite, .

Rhyolite, . s

Lignite,

White qua.rtzlte
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The occurrence here of Ailsa Craig rock (riebeckite-
bearing granophyre) was also noted by these authors. A
list of fossils was given, including several from the Upper,
Middle, and Lower Lias, and some ostracods not named,
a polyzoon, and foraminifera of several species,

A curious platy structure in the clay was noted by

! Ivish Naturalist, vol. iv., pp. 321-328,
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Professor Sollas, and described by him as ¢ tea-leaf”
structure, which may be accounted for by the pressure,
accompanied by differential movement in the ground-
moraine. This also accounts for the fragmentary condition
of the shells contained in this boulder-clay.

Killiney Drifts. (Pl. IL).—At the Killiney end of the
section are to be seen more or lessregularly stratified layers
of sand and gravel, dipping away from the hill at angles
varying up to 40 degrees. In the middle portion of the
section the gravels assume a boulder-clay appearance,
resting upon boulder-clay, and pass laterally into a distinct
boulder-clay. South of the point at which the Loughlins-
town streamn enters the bay, red and grey boulder-clay layers
are intercalated in the gravels ; such alternations continue
for some distance, the gravels also in places passing into
boulder-clay ; and, at the last point where the section is
clearly visible, they rest upon grey limestone boulder-clay,
which some writers have taken to represent Lower Boulder-
clay (see p. 88, ante). Some of the layers measure fifteen
feet in thickness, and the one deemed to be tlie oldest
deposit might, if evidence were available, prove to be a
similar thick layer intercalated in the gravels.

Some three hundred yards south of the point at which
the Loughlinstown stream enters the sea, the gravelly
boulder-clay contains large irregular masses of purple
clay (see figure 4, p. 83), with sharply defined outlines.
Some of these are identical with the clay at Kill-o’-the-
Grange, being highly caleareous, and in parts showing the
same flaky structure. The surrounding drift is character-
istically gravelly and reddish, in contrast to the colour of
the included masses ; and the existence of these masses
testifies to the denudation of the purple boulder-clay, and
the re-arrangement of its materials, as well as an inter-
mingling with them of materials from other sources.
Otlier masses! of irregular lenticular and trapezoidal shapes
also occur in the gravelly drifts ; they are not exactly of
the purple clay type, being reddish, more gravelly, and
non-calcareous, and may indicate an intermediate stage

! Noticed by Sollas and Praeger, op. cit.
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of arrangement between the deposition of the Kill clay and
the characteristically gravelly drift which now contains all
these boulder-clay masses.

Further south than the point at which these masses
oceur, the gravelly drift containing them becomes a
gravelly boulder-clay, which has been somewlat deeply
eroded. The pockets due to erosion were, most probably,
formed by glacial-flood action when the boulder-clay was
in a frozen state, for their sides are in some cases vertical ;
they are filled with gravel and shingle, graduating upward
into a layer of similar materials, which stretches over the
adjoining boulder-clay and gravelly drift. }

Numerous shell-fragments have been obtained from
these Killiney drifts, similar to those of the Kill clay.
Those identified will be found in a list. given by the
present writer in the Irish Naturalist, 1908,

Drift-Section at Howth.—A small area of drifts occurs
at this village; and over Balscadden Bay they have a
thickness of about 50 feet. They consist of boulder-clay
at the bottom, upon which rest stratified shell-bearing
sands and gravels; and these are in turn overlain by
boulder-clay, which is eontinuous, as already stated, with
the locally-formed drift of Kitestown valley. This upper
boulder-clay shows slight traces of stratification, and -is
looser in texture than the boulder-clay beneath:

The gravels contain boulders of dimensions up to 2 feet
by 1} feet by 1 foot, embedded in fine sand, the occurrence
of which in such a deposit has been accounted for by the
presence of icebergs in a temporary lake, formed in this
region in glacial times, within frozen embankments. The
gravels also contain numerous shell-fragments. Lime-
stone pebbles predominate ; but these drifts also contain
pebbles of dolerite, epidiorite, grit, Old Red Sandstone,
flint, chalk, and Ailsa Craig rock. Mr. Seymour also
identified an iddingsite-basalt, such as that forming Craig
Baron Hill, County Meath.

Similar shell-bearing gravels, with fragments of Ailsa
Craig rock, are to be met with in a small pit close to the

! Mem. Sheet 112 (1903), p. 82,



Glactal Depostts. 49

rope-ferry, near Knockmaroon House, west of Phenix
Park ; and the gravels are threaded with thin streaks of
brown stony clay, which are suggestive of the source of
the shells.

Dodder River Sections.—Many good sections of boulder-
clay are to be seen along the Dodder River bank, as well as
old river-gravel terraces. The boulder-clay consists chiefly
of limestone detritus, forining a grey highly calcareous
till, with scratched limestone blocks and pebbles, and
occasional fragments of Silurian grit, Old Red Sandstone
conglomerate, basic igneous rocks, including some of
Lambay Porphyry type, hard chalk, and northern granites.
It is noted, in the Dublin Memoir (p. Y6), that ¢“no
boulders of granite of the Leinster types were noticed in
the limestone-drift sections . . ..between Oldbawn Bridge
and the sea,” althongh the granite region commences
only about a mile to the south-east of Rathfarnham. East
of Templeogue, erosion by the Dodder reveals the
following section :—

Alluvium with pebbly layers,

Coarse river-gravel with Leinster gramte
pebbles, 3

leestone boulder- clay,

Calp limestone,

S WP
coo o©f

Brown Boulder-clay, Rathfarnham Districe.—In the river-
section west of Rathfarnham, and that north-west of
Butterfield House, brown clay similar to that at Kill-o’-
the-Grange, and containing shell-fragments and far-
travelled pebbles, is to be noticed, resting upon dark grey
limestone boulder-clay. The order of superposition of
these deposits has already been commented upon (see
p. 84) ; but here it may be added that near Island Bridge
brown clay is found to a depth of 4 feet, resting upon
river-gravel and sand, where the former is obviously a
post-glacial wash from neighbouring boulder-clay bluffs;
so that it would be hazardous to base any conclusion upon
the mere colour of the clay, though in this to some extent
the clay corresponds with that at Kill-o’-the-Grange.

E
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Brown clay was also noticed in a small valley leading
from Newbawn to Woodfield, and, to the east of this,
in the gully at Fairbank, 80 yards west of Millbrook.
Shells were collected from tlns boulder-clay at two points,
viz. :—

(«) From a section in the east branch of the Edmonds-
town River, 500 to 600 yards south of Newtown Bridge.

() From a section in the banks of the Owendoler,
Rathfarnham, behind the Yellow House. An important
series of seetions is to be noticed skirting the Three-Rock
Mountain, commencing with those to be seen in Glena-
smole.

Glenasmole.—The drifts of this valley consist of boulder-
clay, and sands and gravels mainly derived from limestone,
though the rock beneath is granite in the higher part of the

LALLYNAIDS Anm MoOyNT

CLENAIHOLE.

Fig. 7.—Diagram of Drifts in Glenasmole. Mem. Sheet 112 (1903), p. 126.

valley, and in the lower part Silurian grit and slate—mica-
schist margining the granite. Below the lower reservoir
in the bottom of the glen is to be seen in the right
bank, and under 80 feet of limestone boulder-clay, ¢ a
contorted mass of granitic sand, about 15 feet thick, con-
taining pebbles of quartz, slate, and other local rocks
. which appeared to be the remnant of a deposit of
local origin earlier than the limestone-drift.’
The above diagram illustrates the arrangement of drifts
in the glen, with sand and gravel between boulder-clays.
Fragments of hard-chalk and flint from Antrim oceur in

! Mem. Sheet 112 (1903), p. 124.
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these gravels, and, as stated in the Memoir, ¢ shell-frag-
ments also occur . .. as is almost invariably the case
where these pebbles from the north-eastward are found in
the drifts.”” Dr. J. Scouler, as long ago as 1838, reported
the presence of shell-fragments, and in 1854 Mr. J. Kelly
recorded Twrritella terebra and Mactra(?) from Corrageen
on the eastern side of the glen.

Lower down the valley, at Bohernabreena chapel, lime-
stone boulder-clay and gravels occur—some of the latter,
with sands and silts, forming curiously contorted bands in
the boulder-clay. The gravels of this locality yielded to
Dr. J. R. Kinahan!' several species of shells.

Larch Hill Valley, south of Rathfarnham.—Sections of
boulder-clay over 12 feet in depth have been exposed in the
higher portions of this valley along the banks of the stream
draining it. It consists of tough blue eclay with striated
boulders and pebbles of limestone, and is overlain with
débris from the granite above. At Larch Hill a large pit
has been opened in limestone gravels with numerous
granite pebbles. These gravels have yielded a great
abundance of shell-fragments, many in a good state of
preservation. Forty-two recognizable species were obtained
by Mr. Hinch from this pit alone.

Half a mile to the south-west of this point on the
Tibradden mountain-spur, beside the Glendoo road, a
section of stratified gravel and silt is revealed, in which
Mr. Hinch found shells.

The same observer has more recently noted another site
of shell-bearing gravel, near the boundary of Killakee and
Montpelier, near to where the Glencree and Cruagh roads
meet, at 1250 feet elevation (see Irish Naturalist for
1908).

Tiz'/moc/c Valley.—On the eastern side of Kilmashogue
Mountain, the Little Dargle River cuts its way through
limestone boulder-clay and thick deposits of gravel. Several
pits opened here reveal sections 15 feet in depth. Ailsa
Craig rock-fragnients have also been found. The upper-
most portions of the gravels are studded with granite

1 Journ. Geol. Soc. Dub., vol. vii. (1858), p. 87.
E 2
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boulders and weathered shale fragments, and in places
become a local boulder-clay. The gravels overlain by them
rest in turn upon limestone boulder-clay, giving the same
apparent three-fold division of the drifts as is to be seen
at Howth.

Caldbeck Castle.—Westward of the Three-Rocks, on the
col above Ticknock, which connects Kilmashogue Mountain
with the main mass, stands Caldbeck Castle; about a furlong
south of this ruin a pit was opened in clean gravel and
sand, at an elevation of over- 1200 feet, from which the
late Mr. M. H. Close obtained six species of shells.

Ballyedmonduyl’ Drift.—This locality lies on the east
side of Three-Rock Mountain. Here shell-bearing gravels
yielded to Mr. M. H. Close his most important collection of
drift-shells, which were described by him, with those found
at Caldbeck Castle, in the papers mentioned on p. 28. The
shell-bearing deposit occurs 1000 feet above the sea, just
opposite Ballyedmonduff House, near the road leading
from Stepaside to Glencullen, and on its east side. The
site is now much covered by grass. The shells were named
by the late Mr. W. H. Baily and Dr. Carte.! The gravels
extend over the col, where large fresh pits occur, and where
they are overlain at an elevation of 1050 feet by some
boulder-clay.

Glencullen.—In the valley of the Cookstown River,
between Enniskerry and Glencullen Bridge, the gravels
are again encountered, presenting imposing sections in the
banks of this mountain-stream. Secratched blocks of lime-
stone abound, and minute shell-fragments may easily be
detected. Large boulders of the local granite occur in the
upper layers, and were possibly floated down a flood-stream
on ice-rafts from the hills during the last stage of glacia-
tion. Prof. Cole® has referred to this deposit as presenting
‘¢ the finest section of these sands and gravels, probably one
of the grandest in the British Isles.”

! Journ. Roy. Geol. Soc. I., vol. iv., pp. 36-40; and Geol, Mag.,
1874, pp. 193-197.
2 Irish Naturalist, vol. i., p. 92, and frontispiece.

T ———
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RECENT OSCILLATIONS OF SURFACE LEVEL.

Judging from the depth to which the Dublin and Wicklow
rivers have eroded their beds at their mouths, it would
appear that in post-glacial times the land stood ata higher
level than it now does. On the other hand, there is clear
evidence for a depression of the coast some ten or twelve
feet below its present level. Thus, within the present
shore-line of Dublin Bay an older shore-line is traceable,
where the boulder-clay was denuded by wave-erosion. The
bay in consequence extended at one time further inland.
About that period the shingle and coarse gravel carried
down by the Liffey, Tolka, and Dodder were deposited in a
great delta-fan, which stretches from Annesley Bridge at
Fairview to Merrion, south of the ecity; a bank was
formed which now connects Howth, then an island, with
the mainland ; and a rock-platform was either formed, or
stripped clear of drifts, which may be noticed at a few
points along the coast.! Subsequent elevation revealed
these features, and formed the present suburban building
areas of Pembroke Township and Sutton.

That Ireland stood considerably higher than it does at
present within recent times has been proved by the dis-
covery of submerged layers of peat at many points around the
coast ;2 and the same fact is attested by the occurrence of a
peaty layer with rooted tree-stumps beneath marine clay at
Bray Harbour, as shown by Mr. Praeger.?

The peat crops out, above low water, north of Bray
harbour, and is full of branches, roots, and cones of
Scoteh Fir; and it dips southward under the marine
clay. ¢ The clay is extremely fine and tough, and is full
of Serobicularia piperata.” With it occurs Tellina balthica;
and a specimen of Littorina littorea was also found. The

! The existence of a pre-glacial platform has yet to be proved in this
locality, corresponding with that discovered by Messrs. W. B. Wright
and H. B. Muff in Cork. Seci. Proe. Roy. Dub. Soc., vol. x. pt. ii.
(1904), pp. 250-324.

2 See Memoir accompanying Drift Map of Cork, pp. 74-T76.

3¢ A Submerged Pine-Forest.”” Irish Naturalist, vol. v. (1896),
p. 155,
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evidence near Bray proves, then, the submergence of a
forest, growing on a drift-surface, to such a depth as to
allow of the formation of the blue marine clay above it;
and subsequent elevation, which has brought the forest up
to the present level of low water.

MINERALOGY.

By H. J. Seymour, B.A., F.G.8.

Tre area dealt with in the following notes has probably
received more attention at the hands of mineralogists
than any other portion of Ireland, with the possible excep-
tion of Co. Donegal. This attention, while in some
degree due to the ground being within easy access of the
metropolis, is, doubtless, mainly attributable to the
occurrence within the area of very varied types of rocks,
furnishing suitable habitats for very different mineral
associations. Considerable stimulus was, moreover, given
to the study of mineralogy in Dublin by the purchase of
the great Leske collection of minerals by the Royal Dublin
Society in 1792.

In addition to various classes of sedimentary rocks
belonging to several periods, there are also three or four
distinet types of igneous rocks near Dublin, chief amongst
them being the Leinster granite, the northern portion
of this massif traversing the greater part of the district
under notice. Where the granite comes in contact with
the Silurian sediments through which it has been intruded,
extensive alteration has been effected in the latter, result-
ing in the formation of secondary anhydrous minerals.
It is also chiefly in the vicinity of the same junction that
the mineral lodes have been developed, which were once so
extensively mined in the counties of Dublin and Wicklow ;
while it may be also suggested that the granite has
played some part in the formation of the mineral veins
further south, associated with the felsites and andesites
ﬁf téne Silurian rocks of the Ovoea valley and neighbour-

ood.

In the Annals of the Four Masters, written in 1632,
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nention is made of the occurrence of gold in the present
district ; but it was not till Weaver’s (1) time that any
systematic examination of the minerals occurring in it
was carried out. His observations, made during the
period when the Gold Mines Valley was being worked for
the precious metal, were subsequently amplified and con-
firmed by Mallet (2) in 1850.

From the researches of various workers, it is quite clear
that gold is rather widely distributed in the counties of
Dublin and Wicklow. A few years ago the writer found
that the black sands obtained from the seashore opposite
the Bray Esplanade contained a considerable number of
gold specks, just visible to the unaided eye ; while a sample
of similar sand from Arklow Head was still richer in thig
metal. Up to the present, however, the matrix from
which the alluvial gold has been derived has not been very
satisfactorily determined.

The late Professor O’Reilly (8) made numerous assays
of rocks in the neighbourhood of Dublin, but only in one

instance was as much as two pennyweights per ton

detected. Since then Mr. Liyburn (4) has assayed a number
of specimens from Co. Wicklow, in the vicinity of Croghan
Kinshela, chiefly with negative results; but one ferru-
ginous quartz vein, some eight inches wide, yielded four
pennyweights to the ton. This result is the highest that
has ever been obtained from any gold-bearing rock in
Ireland; and, taken in conjunction with the proved
auriferous nature of a quartz vein in Bray Head, men-
tioned by Kinahan (5), seems to point to this elass of rock
as being the original matrix of the alluvial gold found in
the distriet. A full account of the gold nuggets found in
Wicklow has been published by the late Dr. V. Ball (6),
and specimens and models may be seen in the collection of
Irish minerals in the Museum of Science and Art; while
the economic side of the question has been dealt with by
Messrs. G. H. Kinahan (7) and Gerrard A. Kinahan (5).
That a great deal of alluvial gold occurs in Co. Wicklow is
testified by the fact that down tothe present day numerous
small nuggets, up to a quarter of an inch long, are being

" washed out of the various rivers by amateur prospectors,



56 Handbook to the Dublin District.

with primitive appliances, who apparently find the search
a paying proposition. The suggestion made long ago by
Mr. G. H. Kinahan (7), and since confirmed by other
geologists, that the higher terrace-gravels of the Gold
Mines Valley and the deeper ¢ placer’ gravels should be
examined for gold, is well worthy of attention, a necessary
preliminary being the detailed mapping of these deposits,
which could probably be done with the aid of the Geological
Survey.

In the lead ore at Ballycorus, as in most argentiferous
galenas, silver in the native condition was obtained, and
has been recorded by Dr. Haughton (8) amongst others.
Associated with the galena in the ore-veins of this district
is usually zinc-blende, some fine translucent crystals having
been formerly obtained from the Clontarf mine on the north
of Dublin Bay. The same ores occur in the metamorphosed
Silurian rocks north and west of Glendalough, and also
at Glenmalure, the associated minerals in this region
including cerussite, anglesite, pyromorphite, fluor-spar,
barytes, and harmotome; the last-named occurs on quartz
from the Luganure mine. All these minerals are recorded
in Giesecke's (9) catalogue of 1832, and the harmotome
has been deseribed in detail by Dr. Joly (10).

Last year Mr. Arthur Russell (12) published the finds
made by him in 1904 and 1906 of the minerals linarite
and caledonite, which were not previously known to occur
in Ireland. They were found in ore-material from
the Glendasan and Glenmalure mines near Glendalough.
Mr. Russell also mentions the probable occurrence of a
third species new to Ireland, viz., aurichalcite.

One of the most interesting finds made in this area in
recent times was the discovery of the minerals anatase and
brookite, by Professor O'Reilly (18), in 1898. They were
obtained as minute erystals in the residue left after ¢ pan-
ning " a decomposed yellowish clay that filled a joint in
the Cambrian quartzites of Carrickgollogan, near Shankill,
which so far is the only Irish locality for these minerals.
The same observer was the first to recognize that the
chief potash-bearing felspar of the Dublin granite was
really wmicrocline (14), and not orthoclase, as had hitherto

T . T e
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been supposed. The other felspars in the Leinster granite
are albite, first recognized in 1868 by Westropp (15) and
Haughton (16), and oligoclase, recognized by Sollas (17).
The last authority has also shown that the essential
dark mica of the granite is haughtonite (17), and not
lepidomelane, inasmuch as the contained iron in the
former mineral is in the ferrous condition, replacing
magnesia, and not, as in the latter species, in the ferric
condition, replacing alumina.

Beryl is one of the more common ‘“accidental”” minerals
in the granite, some of the best specimens occurring at
Glencullen, where Dr. Joly (11) has described their
characteristics in detail, as well as those of the associated
tolite.

The most interesting metallic ore hitherto got in the
granite is cassiterite, small crystals of which were found in
the Dalkey quarries by Dr. Taylor, and recorded by Sir R.
Griffith (19). This 1s one of the only two localities in
Ireland where cassiterite has been obtained in sitw, the
other being in the Mourne Mountains, as recorded by the
present writer (18). Dr. Joly has also obtained some
erystals of this mineral in a boulder of granite from the
boulder-clay at Greystones.

The anhydrous silicates occurring in the metamorphosed
Silurian rocks are not of any special interest. Andalusite
and garnet are common, and the former occasionally shows
chiastolite-strueture.  Staurolite is rare, but has been found
near- the Luganure mines in Co. Wicklow. The most
interesting and uncommon of the minerals occurring in
the Carboniferous limestone is strontianite. This mineral,
which also oceurs at Glendalough (in schist), was formerly
obtained from the calp-limestone quarries near Golden
Bridge, west of Dublin.

Barytes formed much of the vein-stuff at the old mine of
Ballycorus, and occurs frequently as veins in the Silurian
strata of Portrane. A vein of the same mineral, some six
to eight inches thick, oceurs also in the Carboniferous
limestone, about two miles N. by W. of Finglas, Co.
Dublin.

The following is believed to be a complete list of the
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distinet mineral species known to occur in the distriet
under review, the total number being 58 : —

albite, chalybite, manganite,
anatase, chiastolite, microcline,
andalusite, chlorite, minium,
andesine, corundum, mispickel,
anglesite, dolomite, muscovite,
apatite, epidote, oligoclase,
augite, epsomite, orthite,
aurichalcite, - fluor-spar, orthoclase,
barytes, galena, pyrite,
beryl, garnet, pyromorphite,
biotite  (haugh- gold, quartz,
tonite), harmotome, rutile,
blende, liematite, sphene,
brookite, hornblende, spodumene (and
calcite, hyalite, “ killinite ””)
caledonite, iolite, staurolite,
cassiterite, labradorite, steatite,
celestine, limonite, strontianite,
cerussite, linarite, tourmaline,
chaleopyrite, magnetite, zircon.
BieLioGraPHY.

The authors are arranged in the order in which they
are quoted in the foregoing notes :—

(1) Weaver, T.—Memoir on the Geological Rela,tlons of
the East of Ireland. Trans. Geol. Soc. Lond., vol. i., 1819.
(2) MacLer, WMm.—On the Minerals of the Auriferous
Distriets of Wicklow. Journ. Geol. Soe. Dublin, vol. iv.,
p- 269, 1851. (38) O’RemLy, J. P.—Notes on some
Assays for Gold of Rocks occurring in the neighbourhood
of Dublin. Sei. Proc. Roy. Dublin Soec., vol. vi., p. 450,
1890. (4) Lysurwn, Ii. Sr. J.—Prospecting for Gold in
Co. Wicklow, and an examination of Irish Rocks for Gold
and Silver. Seci. Proe. Roy. Dublin Soc., vol. ix., p. 422,
1901. (5) KiNaman, G. A,—On the Mode of Occurrence
and Winning of Gold in Ireland. Journ. Roy. Geol. Soc.
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Ireland, vol. vi., p. 135, 1882. (6) Barr, V.—On the
Gold Nuggets hitherto found in the County Wicklow.
Seci. Proc. Roy. Dublin Soe., vol. viii., p. 311, 1895.
(7) Kinanan, G. H.—Irish Metal Mining. Journ. Roy.
Geol. Soc. Ireland, vol. viii., and Seci. Proc. Roy. Dublin
Soc., vol. v.,1886. (8) Hauvearon, S.—On the Mine-
ralogy of the Counties of Dublin and Wicklow. Journ.
Roy. Geol. Soc. Ireland, vol. v., p. 89, 1878. (9) GIEsEckE,
Sie C. L.—A descriptive Catalogue of a new Collec-
tion of Minerals in the Museum of the Royal Dublin
Society, to which is added an Irish Mineralogy. Dublin,
1832. (10) Jory, J.—On the Occurrence of Harmo-
tome at Glendalough, Co, Wicklow. Sei. Proe. Roy.
Dublin Soec., vol. v., p. 165, 1886. (11) Jory, J.—
Notes on the Minerals of the Dublin and Wicklow Granite.
I. The Beryl and Iolite of Glencullen. Seci. Proc. Roy.
Dublin Soc., vol. v., p. 48, 1886. (12) Russenr, A.—
On the Occurrence of Linarite and Caledonite in Co. Wick-
low. Min. Mag., vol. xiv., p. 348, 1907. (18) O'Rruriy,
J. P.—On the Occurrence of Anatase (Xanthitane ?) and
Brookite in the Quartzite of Shankill, County Dublin,
Sci. Proc. Roy. Dublin Soec., vol. viii., p. 782, 1898.
(14) O'RemLuy, J. P.—On the Occurrence of Microcline
Felspar in the Dalkey Granites. Journ. Roy. Geol. Soc.
Ireland, vol. v., p. 189, 1880. (15) Wesrrorp, W. H. S.—
On the Occurrence of Albite in the Granite of Leinster.
Geol. Mag., vol. vi,, p. 561, 1869. (16) Haveuron, §.
—On the Discovery of Albite Felspar in the Granite of
Dalkey, Co. Dublin. Journ. Roy. Geol. Soe. Ireland,
vol. ii.,, p. 218, 1869. (17) Sorras, W. J.—Con-
tributions to a knowledge of the Granites of Leinster.
Trans. Roy. Irish Academy, vol. xxix., p. 427, 1891.
(18) Seymour, H. J.—On the Occurrence of Cassiterite in
the Tertiary Granite of the Mourne Mountains. Sei. Proc.
Roy. Dublin Soc., vol. ix., p. 583, 1902. (19) GrirrirH,
Sir R.—On the Metallic Mines of the Province of Leinster.
Report to the Royal Dublin Society, 1828.
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METEOROLOGY.

By Sir Jou~x W. MooRE, M.A., M.D., D.SC., D.P.H., F.R.C.P.I.,
F.R. MET. SOC.

INTRODUCTION.

DusLin stands at the extreme western end of the beautiful
Bay of Dublin, close to the mouth of the River Anna
Liffey, along both north and south banks of which the
city extends for a distance of some two miles. It is 292
miles in a direct line W.N.W. of London, 188 miles west of
Liverpool, and 69 miles west of Holyhead, and is situated
in latitude 58°20’ N., longitude 6° 17’ W. It comprises
an area within the municipal boundary of 7,911 acres,
containing, in 1901, 32,061 inhabited houses, and a popu-
lation of 290,638. DBut these figures by no means repre-
sent what may be called ¢ Greater Dublin,”” or the Dublin
Registration District. This consists not only of the city
proper, but also of the populous suburban districts of Rath-
mines, Pembroke, Blackrock, and Kingstown. The popu-
lation of this ¢ Greater Dublin ” was, in 1901, 875,076 ;
and its extent is 24,693 statute acres. In 1908 the
estimated population of the Dublin Registration District
is 894,525, while that of the City proper is 808,874.

The dark peat-stained waters of the Anna Liffey gave its
present name to the Irish capital, for the Celtic Duibhiinn
signifies ¢ black pool.”” The site of the city at the old
¢« ford of the hurdles’’ was originally not only beside a
pool of dark water (Dwibhlinn) but in a swamp, for the
prefix “Anna’’ in the name Anna Liffey signifies literally
a watery place, a marsh or swamp, annagh (eanach) being
derived from ean, water. A considerable portion of the
city is built on a pervious stratum of soil, consisting of a
sand and gravel bed formed by an old raised sea-beach,
which occupies the centre of the city along both sides of
the River Liffey (p. 58).

The system of main-drainage, opened in September,
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1906, will, in time, lead to the purification of the River
Liffey, and to an effective draining and cleansing of the
gravel bed, with, no doubt, a highly beneficial effect upon
the health of the city.

The principal thoroughfares of Dublin are broad and
straight, with the exception of Grafton Street, which is
far too narrow for the great stream of life and bustle which
flows through it for many hours of each working day. The
city is well supplied with ¢ lungs’’ in the splendid squares
on both north and south sides of the intersecting river.
One of the largest of these open spaces is due to the
University of Dublin, with its quadrangles and far-stretch-
ing gardens and College Park. Another is St. Stephen’s
Green, made free to the citizens in 1880 by the muni-
ficence of the Right Hon. the Lord Ardilaun.

The grave defect which does much to neutralize the
beneficial effect of the situation and surroundings of the
capital upon public health is the housing of the poorer
classes. Much has been done, however, of late years to
abate the crying evil of the Dublin tenement-houses, and a
further movement is on foot at present to provide sanitary
accommodation on very reasonable terms for even the
very poor among the industrious and sober classes of the
population.

CLIMATE.

The climate of Dublin is, in the fullest sense, an insular
one, free from extremes of heat and cold—except on very
rare occasions-—and characterized by a moderate rainfall
(about 28 inches) annually, which is distributed, however,
over a large number of days (about 198 in each year).
Clouded skies, a high degree of humidity, and prevalence
of brisk winds—chiefly from westerly points of the compass
—make up the climatology of the Irish capital.

In common with the rest of the British Islands, Dublin
owes its mild, equable climate in great measure to the
proximity of the North Aflantic Ocean and its north-
easterly surface-current of warm water.

Another obvious cause of the mildness of the climate is
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the overwhelming prevalence of sonth-westerly and westerly
winds, which are both warm and moist. These winds
have been shown to form part of a cyclonic circulation
round a large area of low atmospheric pressure, the centre
of which in winter lies not far from Iceland over the North
Atlantic. Only in spring do these periodic winds give
place to northerly and easterly breezes.

But local natural advantages, as regards situation, ex-
ercise a farther beneficial effect on the climate of Dublin.
A few miles south of the city lies a range of mountains,
with summits varying in height from 1000 to more than
2500 feet. This mountain-chain intercepts the vapour-
laden winds at all points between S.S.E. and S.W., and
so the rainfall is diminished and the sky is compara-
tively cleared during the continuance of the southerly and
south-westerly winds which so frequently prevail. The
absence of any very high ground to the northward of the
city—with the exception of the Hill of Howth, which
rises, however, only to 563 feet—also prevents excessive
precipitation with south-west winds., It is true that with
south-east to north-east or north winds the precipitation
(often in the form of hail, and in winter of sleet or snow)
in and about Dublin exceeds that which occurs at such a
time inland or on the Atlantic coasts. Were it not for
this ““lee-shore’ condensation, the Dublin rainfall would
be considerably smaller even than it is.

The second local feature which ameliorates the climate
of the capital is the proximity of the sea to the eastward of
the city. The keen, dry, searching, easterly winds of winter
and spring are much softened in their passage across the
Irish Sea, so that during their prevalence the thermometer
occasionally stands some 5° or upwards higher in Dublin
than it does at Holyhead, although this latter place is
actually on the sea. It is true that the converse holds
good during westerly and north-westerly winds, when severe
frost sometimes occurs in winter in Dublin, while the ther-
mometer remains decidedly above the freezing-point at
Holyhead. Yet these latter winds are never so piercingly
cold and parching as those from easterly points. Nor is it
in winter merely that the Irish Sea confers a benefit npon
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Dublin. In calm, clear weatherin summer time, no soonex
has the sun mounted high in the heavens than a cool,
refreshing sea-breeze—a typical ¢ inbat,””" as the modern
Greeks call it—sets in towards the land, so that consequently
extreme or oppressive heat is rarely experienced. Indeed,
an oppressive atmosphere happens only when a damp, warm
south-west wind is blowing, with a more or less clouded
sky. Temperatures above 80° in the screen in Dublin
nearly always coineide with winds off the land, from
some point between south and west, and a clear or only
lightly clouded sky.

Among climatic epiphenomena, the infrequency of
thunder-storms and the relative frequency of hail-showers
in Dublin are worthy of note. In winter, fog and frost
often prevail in the city, when a northerly breeze is
blowing along the coast, accompanied with a higher tem-
perature, and perhaps showers of rain. Lastly, in summer,
with a westerly wind, heavy planetary showers fall at
times in the valley of the Liffey, while the neighbouring
higher lands enjoy dry weather.

The following averages of temperature, rainfall, and
bright sunshine are based on observations taken during
1871-1905 at three Normal Climatological Stations in
or near the Irish metropolis. They are culled from
Appendix III. of the Weekly Weather Report, 1906,
published by the Meteorological Office, Liondon.

! Lvidently a derivative from ¢uBaivw.

[TaBLES.
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TEMPERATURE.
Dublin Cit Royal Ordnance Surve
(Fitzwilliam Sq.). Botagic Gardens | (Pheenix Park).
- e i e p
4 o 0 b | 30 ! (¥3 ° o o
January, 46-0 374 417458 352 405|455 347 461
February, . 469 379 4241471 35'3 | 41-2|46'5 347 406
March, 49-2 | 38-2 437|493 356 42-4)487 350 419
April, 536 41'5.47'6 53+5 | 384 46:0|52:8 | 378 453
May, 588 | 455 | 52-258-2| 419 50-1|57-7 | 41-3 | 495
June, ‘64'5,51'3'57'9 64:5 | 47°9 | 5621639 47-1 555
July, 66-8 | 54-2 ! 60°5|67-0 | 51-3 | 59-2[ 66°1 | 50-6 584
August, 65°7 | 53-6 | 59:7)66-2 507 | 585|654 501 | 577
September,. 617 | 502 | 559|624 47:0 547|616 463 |54-0
October, 54°7 | 44-3 1495 155°2 414 | 48:3|54:5 411478
November, . | 49°9 | 40-8 | 453|500 | 38-2 | 44-1 | 496 | 37-7 | 437
December,.‘46'31376{420 46:0 | 35°0 | 40°5| 45°8 | 346 402
A | e A A
Whole year, | 55-3 | 44-4 | 49-9 | 554 415}48'5 54-3140-9'47-9

The respective heights of the three stations above mean
sea-level are—Fitzwilliam Square, 47 feet ; Glasnevin, 67
feet ; Pheenix Park, 155 feet.

RainFaLn axp Rain-Days.

o Royal Botanic

Dublin Cit . Ordnance Surve

(Fitzwilliam Square). G“d(el‘gs_’,gﬁ‘f‘,;;‘)‘f"‘")- (Bhioonix Pa).

Month Rainfall in | Rain- | Rainfallin | Rain- | Rainfallin | Rain

. inches. Days. inches. ( Days. inches. Days.
January, 221 | 18 2-28 6 2-24 20
February, 2-01 15 1-€9 14 1-89 17
March, 1-91 17 2-05 14 2:03 19
April, 1-94 16 d 294 14 1-84 17
May, 1-97 15 2-01 13 199 | 16
June, . 1-99 15 2:08 13 208" ([¥15
{ July, . 2-68 17 275 16 2:84 19
i August, 324 18 345 17 3:32 19
September,  2-21 l 15 2-33 13 2:22 16
October, . 2-87 13 2-86 16 285 19
November, 272 | 17 2-78 15 2-87 19
December, [© 225 | 17 2-29 16 2:35 19
i i

| Torats,. 2800 | 198 | 2881 |76 | 2852 | 215
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The rainfall in 1887 was very exceptionally small—
16-601 inches—the only approach to this measurement in
Dublin being in 1870, when only 20:859 inches fell ; in
1884, when the measurement was 20°467 inches; and in
1883, with its rainfall of 20-493 inches.

The scanty rainfall in 1887 was in marked contrast to
the abundant downpour in 1886, when 82:966 inches—
or as nearly as possible double the fall of 1887—fell on
220 days. In 1900 the rainfall was '84-888 inches, or
6-388 inches in excess of the average for the 35 years
1871-1905. Only twice since these records commenced
has the rainfall in Dublin exceeded that of 1900—namely,
in 1872, when 85:566 inches fell on 288 days, and in 1880,
when 84:512 inches were measured on, however, only 188
days.

%In 1905 the rainfall in 24 hours, from 9 a.m. to § a.m.,
on only one occasion exceeded 1 inch—namely, on August
25th, but it then amounted to 3:436 inches, the greatest
daily fall registered in Dublin (Fitzwilliam Square) since
these records began.

February, 1891, was the driest month on record in
Dublin. There were only two rain-days during the whole
month ; and the rainfall was but ‘042 inch. September,
1865, also, had only three rain-days, with a rainfall of only
056 inch. The mean temperature of the latter month
was 61-4°, or 5:5° above the average (55°9°) for September.

On the other hand, December, 1876, had a rainfall of
7566 inches on 22 days. In October, 1880, also, 7:358
inches of rain fell on, however, but 15 days—-the pre-
cipitation on the 27th alone was nearly 2§ inches
(2:786). In July of the same year, 6:087 inches of
rain fell on 24 days. In August, 1905, the rainfall
amounted to 7019 inches on 22 days; but nearly half of
this large precipitation occurred on the 25th, when the
measurement was 8:486 inches. Even higher records were
made among the mountains south of the city, and the flood-
waters resulting from the torrential fall cut away roads, and
inundated the village of Little Bray. In November, 1888,
the rainfall was 6:549 inches on 26 days. The wettest
month-—that is, the month in which there were most rain-
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days—was October, 1907, during which 5°121 inches fell
on as many as 29 days. In July, 1871, 4:891 inches fell
on no less than 28 days.

The excessive rainfall on August 25th, 1905, is specially
noteworthy. It was the ninth occasion only since 1865—
that is, in 42 years—upon which 2 inches have been
‘measured in Dublin at 9 a.m. as the product of the pre-
ceding 24 hours’ precipitation. The previous excessive falls
were—August 18th, 1874 (2:482 inches); October 27th,
1880 (2-786 inches) ; May 28th, 1892, 2:056 inches ; July
24th, 1896, 2-020 inches; August 5th, 1899 (2:227 inches) ;
"August 2nd, 1900 (2:185 inches); November 11th, 1901
(2+087 inches) ; and September 2nd, 1902 (2-:075 inches).
On no previous occasion within the past 42 years had
8 inches or upwards been measured. :

The comparatively small precipitation in and near Dublin
clearly depends on the