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P R E 3~ A c E. 
THE present Memoir has been prepared to accompany the 
new colour-printed drift map of the Belfast district. This 
map is a " special " sheet of the country surrounding the 
city of Belfast, and its boundaries do not coincide with the 
sheet-divisions of the previous " solid " geological maps. 

As the recent work of the survey was devoted to the map- 
ping of the drifts and other superficial deposits, the description 
of the solid rocks in the present Memoir has been for 
the most part compiled from previously published sourcea. 
The original sheet-explanations of the Geological Survey 
which relate to this district being still in print and obtainable 
through the usual channels, it has been thought desirable, in 
the present Memoir, to supplement the information contained 
in them by drawing largely from the later publications of pri- 
vate workers who have so materially advanced our knowledge 
of the geology of the arm. The description of the solid rocks 
herein contained should therefore be regarded as a supplement 
to the previous sheet-explanations. The latter should be con- 
sulted wherever further local details regarding these rocks are 
desired. 

The account of the solid rocks and the general description 
of the superficial deposits contained in Part I. of the present 
Memoir has been written or compiled by Mr. G. W. Lamp- 
lugh. Part II., which consists of the detailed description of 
the superficial deposits, has been written by Messrs. Lamp- 
lugh, J. R. Kilroe, A. M'Henry, H. J. Seymour, W. B. 
Wright, and H. B. Muff, whose respective share in the work 
is indicated by the initials after the paragraphs. Part III., 
dealing with the economic geology, is the work of the officers 
whose initials are given after their several contributions. The 
Appendix, dealing with the Petrology and Mineralogy of the 
districlt has been prepared by Mr. H. J. Seymour. The Plates 
are from photographs taken for the purpose by Mr. R. Welch 
of Belfast. 

Among the numerous private workers whose results have 
been laid under contribution in the preparation of this Memoir , 
our acknowledgments are especially due to Sir A. Geikie, Prof. 
C. Lapworth, Mr. W. Swanston, Dr. W. F. Hume, Mr. 
R. Lloyd Praeger, and Mr. J. Starkie Gardner. 

Our thanks are also due to Mr. W. Swanshn, Mr. $. 
Wright, Mr. J. St. J. Phillips, Mr. R. Welch, Mr. R. Young, 
Mr. S. A. Stewart, Mr. R. Bell, Miss M. .E(. Andrews, Madame 
Christen, and ;to other Belfast friends, for their personal aid in 
the task of collecting informadion. 

J. J. H. TEALL, 
Dh'6CtOr. 

Geological Survey Of ice ,  
28 Jerrnyn-street, London, 

13th February, 1904. 
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T H E  G E O L O G Y  

OF THE COUNTRY AROUND 

BELFAST. 

” ’ .  
c 

PAXT I.--‘IENERAL DESCRIPTION. 

CHAPTER I.-INTRODUCTION. - 
Area of the Map, 

The map to be described in the present Memoir includes an 
a e a  in which the position of the city of Belfast is approxi- 
mately central. The previously-published work of the Geo- 
logical Survey on thh district w&s reproduced on Sheets 28,29, 
36 and 37, of the one-inch map of the Ordnance Survey, 
wherein Belfast lay at the north-eastern corner of Sheet 36, 
with its suburbs extending into the contiguous corners of the 
three adjacent sheets. The new ‘ drift ’ map is of the same 
size as the previously-published ‘ solid ’ sheets, and includes 
about one-third of the area of Sheet 36, with the same propor- 
tion of Sheet 37, and about one-sixth of each of the Sheets 28 
and 29. By this arrangement the explanation of the geology 
of the country surrounding Belfast on all sides is brought 
within the compass of a single map-sheet and a single memoir, 
hatead of being distributed, as heretofore, in four maps and 
three rnemoircl. 

The northern edge of the map passes through White Abbey, 
on the western shore of Belfast Lough; then crossing the 
bntrance to the Lough, it includes the wholei of the eastern 

I shore, with the CO. Down coast as far eastwcrd as Ballyholme 
Bay. The seaside towns of Holywood and Bangor and the 
string of pleasant residential places lying between them are 
contained in this portion of the map. The eastern margin runs 
from Ballyholme to the head of Strangford Lough and across 
it, passing 1Q miles to the eastward of Newtown Ards andefour 
miles east of Comber.. The southern boundary cuts the village 
of Ballygowan, and crosseB the hilly ground to the town of Lis- 
burn which lies just within the map. The western edge, 
starting two miles west of Lisburn, traverses the upland to 
within 18.miles of the village of Templepatrick. 

- 1  

B 



2 THE GEOLOGY OF BELFAST. 

Scope of the Map. 

The previous work of the Survey in the district was concen- 
trated upon the mapping of the older rocks, which alone are 
represented by colours on the published maps above men- 
tioned, The glacial drifts, and other ‘ superficial ’ deposits 
by which the older rocks are concealed in most parts of district, 
are only roughly indicated on these maps by engraved stip- 
pling, without reference to variations of their lithological 
character. 

The recent re-examination of the ground has been directed 
to the mapping of the superficial deposits according to their 
composition, so that the different types of these deposits 
might be separately coloured on the map. 

This work was done in the field on the Ordnance maps of the 
6 inches = 1 mile scale, and has been reduced from these maps 
to the one-inch scale for publication. Manuscript coloured 
copies of the six-inch field-maps have been made, and may be 
consulted at the Geological Survey Office in Dublin. 

The one-inch ‘ drift’ map thus prepared has been com- 
pleted by transferring the boundary-lines of the older forma- ’ 

tions fqow the maps of the previous survey, and by using 
representative colours for the older rocks in those tracts where 
‘ drift ’ is either absent or reduced to a mere sprinkling. In  
a few places, to be mentioned subsequently, it was noticed that 
the boundaries of the Triassic rocks shown on the old maps 
were out of accord with evidence now available; and where 
the discrepancy was sufficiently marked, these boundary-lines 
have, in the present sheet, been altered from their position 
on the original maps: but with this exception no attempt has 
been made to revise the previous mapping. 

The general account of the geology of the district given in 
this memoir is based, so far as its older rocks are concerned, 

memoirs of the Geological Survey, viz., on Sheet 36 (published 
iu 1871) ; on Sheet 37 (published, 1871) ; and on Sheets 21,28 
and-29 (published, 1876) ; but large use has also been made of 
the later researches of Mr. W. Swanston and Prof. C. Lap- 
worth on the Silurian rocks1; of Dr. W. F. Hume on the 
Cretacenus rocksa; of Sir A. Geikie on the Tertiary Volcanic 
Series* ; of Mr. R. L. Praeger on the Estuarine clays4 ; and 

, 

1 on the descriptions contained in three previously published 

1 “ Correlation of the Silurian Rocks of the County Down,” by W. Swanston 
and C, Lapworth, Proo. BeZfa8t Nat. Field Club, Appendix iu. (l876-77), pp. 

* The Cretaceous Strata of County Antrim,” by Dr. E’. W. Hume, Quart. 
Journ. Qeol. rsoC., vol. liii. (1897), p 640-606. 

S “The Anoient Volosnoes of ($-eat Britain,” (London, 1897), vol. ii., pp. 

4 The Estuarine Clays at the New Alexandra Dock, Belfast,” by R. L. 
Praeger, Proc. Belfaet Nut. Field Club, vot. ii., A ix ii. (1886-1887), pp. 
29-61 ; and “ Re. ort on the Estuarine Clap of theyzh-east  of Ireland,” Prw. 
R, Ivirh Amd., &d aer., vol. ii. (1892), pp. 212-289, 

107-:47. 

199-!08. 
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4 THE ffEOtOffY OF BEGFAST. 

Table of Formations occurring within the Hap. 

STRATIFIED ROCKS. 

RECENT. 

GLACIAL DRIF". 

TERTIARY VOLCANIC 
SERIES. 

UPPER CRETACEOUS. 

LOWER JUR ASSIC. 

TRIASSIC. 

PERMIAN. 

LOWER CARBONIFEROUS. 

l g $ u F i k e  = Reclaimed Land. 

Peat. 
Estuarine Clay, &c. 
Raised Beach. 

L, River Gr_sveI. 

Sand and Gravel. { Boulder C1 ay. 

Upper Basaltic Lavas. 
Bole, Lithomarge, and Iron-ore. 
Lower Basaltic Lavas. 

Chalk with Flints. ( Upper Greensand. 

Lower Lias. 

Rhsetic Beds. 
Red Marls with gypsum. 
White and Red Sandsbnes. 

M agnesi an Limestone, Conglomerate, 
and Marls (outcropping a t  Cultra 
only). 

Carboniferous Limestone (outmop- 

Lower Lirnestsne Shales (outcrop- 
ping a t  Castle Espie only). 

ping near Cultra only). 

UPPER SILURIAN (SILURIAN). Llandovery Series. 

LOWER SILURIAN (ORDOVI- Bala and Llandeilo Seriea. 
OIAN). 

INTRUSIVE ROCKS. 

TERTIARY. Basalt and Dolerite in dykes and 
sills. 

PRE-CARBONIFEROUS. Lamprophyre in dykes 

\ 



Porm of the Gro,und and its relation to the 
Geological Structure. 

The geological structure of the district is very clearly ex- 
pressed in its physical features. The great escarpment 
stretching south-westward across the corner of the map west 
of Belfast, which breaks at Cave Hill ipto mural precipices, 
marks the eastern edge of the Tertiary Basalts and the under- 
lying Chalk, while the broad trough occupied by Belfast Lough 
land prolonged inland as the valley of the Lagan is underlain 
by soft Triassic rnarls and sandstones, and is bounded again 
on the east by hilly ground, where the more highly-resistaut 
Silurian and Ordovician slate-rocks rise steeply from beneath 
the Trias. This eastern hilly ground is interrupted by a'krans- 
verse hollow running from the head of Belfast Lough to fihc 
head of Strangford Lough, which marks the presence of an 
ancient trough lined with Triassic sandstones. The bold hill 
of Scrabo, at the north-western margin of Strangford Lough, 
shows the preservation of a portion of these sandstones by a 
protective covering of dolerite, probably intrusive. 

Theae main features of the ground are indicated in the. 
following outline-map (Fig. 1). 

The country to the westlwarcl of the great escarpment is 
usually referred to as the " basaltic plateau " ; but the term 
" plateau " is not strictly applicable, since the ground reaches 
its greatest elevation in hills near the escarpment and sinks 
steadily westward to the depression of Lough Neagh and the 



6 ThE GEOL6GY OF BgLFAST. 

valley of the Bann. It would be more correctly described by 
the term “ cuesta,,” adopted by Prof. .W. M. Davisl for slopes 
of this character. The highest summits of the map occur in 
this tract, viz., Divis Mountain, 1,567 feet ; Black Moanfain, 
1,272 feet; Squires Hill, 1,230 feet; Wolf Hill, 1,210 feet; 
and Collinward , 1,196 feet. 

Except from some limited hollows near the edge of the 
escarpment, the drainage of this upland is carried westward 
in small streams to Lough Neagh. 

At the foot of the escarpment, the Upper Greensand, Lies, 
and Rhaetic formations are too thin and interrupted to have 
any effect upon the topography, and are indeed for the most 
part concealed under land-slipped masses, which are very 
numerous and extensive on the upper part of the slopes Of 
yielding Triassic marl. The marls give place to Triasslc 
sandstone in the lower eastern part of the depression, and 
sandstone is the underlying rock over the greater part of the 
present course of the River Lagan, though usually buried 
deeply under Glacial Drift. 

As mentioned elsewhere in this memoir (p. 64), the present 
position of the Lagan has been determined by the surface- 
contours of the Glacial deposits, and in Pre-Ulacial times 
the main drainage of the hollow probably lay to the westward 
of its present course. Indeed, the drainage system of all the 
low ground has been very greatly modified by the Glacial depo- 
sits, and, as hereafter shown (p. 50), part of the Lagan valley 
towards its present imouth has -been banked off’ to form the 
rseparate basin of the Blackstaff streaiu. The Dundonald 
valley, between Belfast ancl Strangford Lough, is so choked 
with Glacial drift that it is iinpossible, with our present infor- 
mation, to form any opinion as to the character of its Pre- 
Glacial drainage. At present its waters flow over ct floor of 
drift south-eastward to Strangford Lough, in the Comber river, 
but the watershed between the two loughs is clearly tt ‘ super- 
ficial ’ feature (see p. 111). 

The flat ground around the head of Belfast Tdough, on whicll 
the lower central part of the city is built, is a Post-Glacial 
estuarine delta, mainly accumulated during a time when the 
sea stood ten to twenty feet higher than at present. This 
stage is similarly represented by the estuarine flat at the head 
of Strangford Lough, and is marked on the more open parts 
of the coast-line by a narrow shelf of Raised Beach. 

The hilIy Ordovician and Silurian ground which rises 011 
the east above the hollow occupied by the Lagen River and 
Belfast Lough, is broken into two portions by the above-rrlen- 
timed Trias-filled valley of Dundonald. The main features of 

“ The Drainage of Cuestm.” Proc. Qed. Asem., vol. xvi., p. 75 : a Spanish 
word applied to hills and used in Mexico. 



them hills are due to Pre-Glacial erosion, but the minor detaile 
of their topography are largely the result of Glacial and Post- 
Glacial agencies. The heaping-up of the boulder-clay into 
smooth oval ' drumlins,' and the rounding-off of the rocky 
emhences by the grinding force of ice have given rise to the 
flowing hummocky contours so characteristic of this ground, 
while the steep-walled little rock-gorges and deep V-shaped 
tirenches in boulder-clay along the present stream-courses 
represent the effect of Post-Glacial erosion. 

Within the present map the highest ground formed by the 
slate-rocks occurs in the ridge north of the Dundonald valley, 
south-west of Clandeboye, where it ranges up to 720 feet in 
height. I n  the massif south of the valley the greatest eleva- 

. tions fall slightly below 600 feet, between Gilnahirk and 
Knockbreckan. Both tracts are drained by small streamrr 
which diverge radially from the interior of the uplands to the 
hollows by which they are flanked. 



CHB;PTER Il.-"HE PALBOZOIO ROCKS. .- 
Lower and Upper Silurian Rooka. 

These rocks, which occupy the hilly eastern portion of the 
map in CO. Down, consist of grey, purplish or greenish-grey 
grits and flaggy greywackes , often micaceous and sometimes 
coarse-grained, interstratified with beds of green, purple and 
grey slates, and occasionally with bands of black caxboiiaceous 
shales containing graptolites and thin layers of chert (see 
Plate 11.) When the district was first examined by the Geo- 
logical Survey these rocks were supposed to be all of Lower 
Silurian-or , to use the modern nomeiiclature , of Ordovician- 
age. But it was shown by the later work of 8wanston and 
Lapworth on the Graptolites of the series, published in 1877,' 
that the Upper Silurian period (" Siluriah " of some authors) 
is also represented; and it was proved that the same order of 
succession could be traced in these rocks as in the rocks of 
similar character which are found on the Wigtownshire coast, 
on the opposite side of the North Channel, and farther east- 
ward in the Southern Uplaiids of Scotland. As the result of 
further researches carried out by the Geological Survey, the 
division of the rocks into Upper and Lower Silurian was 
indicated on a later edition af the official map published in 
1900. The main line of division runs inland in a W.S.W. 
direction from the coast near Donaghadee, the ground to the 
northward, including the Down coast-line of the present map, 
being composed of Lower Silurian beda, and the country to 
the southward, chiefly of Upper Silurian. If this line be 
prolonged in the opposite direction across the North Channel, it 
almost exactly strikes the main line of division between Upper 
and Lower Silurian in Wigtownshire, and pursues the same 
general direction. 

These rocks of the north-east of Ireland and of the soutli- 
west of Scotland represent the deposits of a sea-floor which 
extended far to the eastward and to the westward. This sea 
was probably margined by an ancient land at no great distance 
toward the north and north-west, from which its coarser sedi- 
ments were derived .2 

I n  Scotland and in Wales the Ordovician is separable, in 
ascending sequence, into the Arenig Series, the Llandeilo 
Series, and the Caradoc Series. Of these subdivisions the two 
last-mentioned alone have been recognised within the limits 
of our map; but as the base of the system is nowhere exposed 
in this tract, it is likely, also, that the lowest or Arenig Series 
lies hidden beneath the surface. 

The Upper Silurian is similarly divided in Britain into the 
Llandovery, the Tarannon, the Wenlock, and the Ludlow 

1 Proc. Belfmt Naturdiats' Field Club, Appendix iv., pp. 107-148, 
2 Sec Mem. Geol. Survey, " The Silurian Rocks of Britain," vol. i., Scotland, 

(1899) chap iii., p. 37, for discussion of general conditions of the (Silurian 8-9 ; 
and chap. ii., p. 6, for previous literature of the subject, 

a 
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P L A T E  I I .  OnoovlclaN R O C K S  ON T i i E  Cohsr A T  CanNaLEa.  

Thizk-bedded slightly-cleaved Greywackes iC.) in t h e  cliff, W i t h  c r u s h e d  Craptol i te-Shales  (S.) on t h e  shore. 
R a i s e d ~ b e a e h  ( R . B . )  seen in t h e  background. 





SItUBiAN BOaKbl. Q 
Berim, of which the Llandovery alone has been identified in 
this tract, although fossils denoting the presence of Tarannon 
.rocks have been found within a mile or two beyond its 
wuthern margin, and representatives of the higher divisions 
occur in other parts of Ireland. As these rocks exhibit great 
sameness of composition throughout, it is principally by their 
fossils, and especially, as mentioned above, by their charac- 
teristic Graptolites , that the sub-divisions are recognised. 
These fossils! however, are absent from the coarser sedimcnts 
-the flaggy grits and greywackes-which constitute the larger 
part of the formation, and are found only in comparatively 
thin bands of fine-grained mudstone or black carbonaceous 
@late which are sparingly interbedded with the flags. 

The following localities for these fossils within the limits of 
the present map are mentioned in the Explanatory Memoir on 
Sheets 37,38, and part of 29 :-Graigavad, in the railway cut- 
ting ; Ballygrot, on the shore at Helen's Bay ; Ballykiilare, on 
the shore north-east of Crawfordsburn House, and again at 
Swineley Point, a little farther eastward; Carnalea, on the 
shore north of Carnalea House ; and Ballyharry, in the raifwacy 
cbtting three-quarters of a mile north of Newtown Ards.l Mr. 

'Swanston2 has also recorded Grq~tolites from a locality just 
outside the southern margin of the sheet, 14 miles west of 
Bqllygowan station '' in the bed of a small stream which flows 
eastward through the grounds of Tullygarvan House " ; and 
the later researches of the Snrvey added another locality within 
the sheet-a small quarry in Holywood Glen.* 

The relative stratigraphical position of the fossiliferous beds 
at  these places is shown in the following account of the fossils, 
compiled from the records above referred to. 

UPPER LLANDEILO SERIES. 
The places which have yielded fossils of this stage are- 

(A) Ballygrot, (B) Craigavad, and (c) Holywood,d from which 
the following species have been obtained : - 
B. Diplograptus bimucronatus, Nich. A. c. Dicellograptua moffabnsis, Caw. 
A. ,, tricornis, Curr. A. 9 ,  9, 

A. ,, dentatus? Bronn * cur. divericatue, Ha44 
A. ,, angustifolins, HaU B. 9 ,  elegans, Caw. 
A. ,, foliaceus, Murch. C. 1, intortus, Lam. 
A. c. Glossograptus Hincksi, Nioh. B ,, Forohammeri, Qeinitz 

A. 9 ,  ,, tar. peltifer, hpw. A. a. 1, perteauis, L q w .  

A. Clathrograptus cuneiformis, L a p .  B. c. ,, sextans, Hall 
A. c. Climacograptus Schlirenbergi, Lizpw. A. B. Didymograptus superelm, hp. 
A. a. . ,, bicornis, WalE A. B. a. Ccenograptus graoilis, Halt 

A. ,, ,, ,, tridenttctm,hpw. A. U. surcuIarie, Hall 
A. ,, cc;elatus, Lapw. A. Leptogmptua flacoidus, Ha&? 
A. ,, perexcavatus, Lapw. A. B. Thamno aptus t us, Ha&? 
.A. B. a Dioranograptua ramosus, HaU A. B. Corpoi& oalyo~rb,  Nkh. 
A. B. 9 ,  Nicholsoni, Hopk. A. B. ,, ourtus, Lap. 
A. B. 9 ,  fozmoaus, Hopk. - 

1 For further particulars, see above-mentioned Memoir, pp. 16, 17. 

9 R. Clark. Notea on the Fossils of the Silurian Area of North-east Ireland," 

4 From Swanston and Lapworth's fist, for localities L and B., end from R. 

1 op. ca., P.&'112. 

Bed. Mag.,aec. iv., vol. ix. (I'JOZ), 

Clark% paper, op. ca., for locality o. 

. 498. 
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BALA OR CARADOC SERIES. 
The places where fossils of this stage have been found are-- 

(A) Ballykillare (Crawfordsburn and Swineley Point) ; (B) Car- 
nalea ; and Ballyharryl. The following species have been 
recognised : - 
B. Diplograptus truncatus, Law. 
B. ,, gadrimucronatus, Hall A. Dicranograptus rarnosus, HaM 
B. ,, hitfieldi, H d  A. Dicellograptus elegans, Carr. 
B. ,, bimucronatus, NkA. B. ,, Forchammeri, Geindz 
B. h i 0  aptus Harknessi, Nkh. B. Leptograptus flaccidus, HaU 
B. Retiofiptes fibratus, h p w .  

No determinable fossils from this horizon have been found 
within the limits of the Sheet, though obscure traces of Grap- 
tolites were noticed during the revision-work on the Silurian 
rocks at places marked with asterisks on the revised editions 
of Sheet 29 and 37, in the former map at a place t of a mile 
N.E . of Conlig, and in the latter, at Moneyreagh. At  Tully- 
garvan, just beyond the southern margin of the present map, 
the following species were found : --Monograptus lobiferus, 
McCoy ; Mon. triangulutus, Hark. ; Mon. attenuatus, Hopk. ; 
Mon. tertuis Portl. ; Dimorphograptus Swanstoni, I J ~ ~ w .  ; 
Rastrites peregrinus, Barr. ; Climacograptus scalaris, His? 

The Ordovician and Silurian rocks of this district, like their 
equivalents in Wigtownshire, appear to represent a period of 
continuous accumulation, with minor changes of condition as 
regards depth of sea and distance from land, but without 
marked interruption until after the highest beds now visible 
were deposited. Toward the close of Silurian times this pro- 
longed period of quiet sedimentation was brought to a, close, 
and the whole region was profoundly disturbed by great earth- 
movements, during which the rocks underwent intense lateral 
compression, and were wrinkled up into innumerable folds. 
This compressive force, which apparently acted mainly from 
the southward, was continued until the folds were tightly 
packed together, with their long axes arranged in a general 
W.S.W. to E.N.E. direction, and their sides or ‘limbs’ 
almost vertical or dipping at high angles away from the axial 
line. Through the classical researches of Prof. Lapworth in 
the corresponding district of the Southern Uplands, we know 
that owing to this system of folding the beds are generally 
many times repeated at the surface on the same plane, though 

s this repetition is often very difficult to detect. The thickness 
of the deposits in areas where this structure prevails has in 
most cases been greatly over-estimated, and the early memure- 
ments of these rocks in the coast-section, as given in the 
original Memoir on the district (“ Memoir on Sheets 37! 88 
and part of 29,” pp. 22-23) are probably, from this cause, 
much in excess of the actual thickness of the series. 

The same forces which effected the folding of these Silurian 

* Determined in the Pdaeontological Deparkment of the Geol. Survey, from 

B. Chinacograptus tubuliferus, L a p .  

A. Dictyonema moffatensis, L q w .  

L O W E R  LLANDOVERY SERIES. 

’ 

From the list given by Swanston and Lapworth, op. cit. 

speoimens collected by R. Clark. 



pocks have also produced a secondary fissility or ‘ cleavage ’ 
structure, which is often well-developed in the wgillaceous 
dates and fine-grained niudstones, but is obscure or absent 
b the more massive sandy flags and grits. The strike of this 
cleavage is mainly in the same direct’ion as the axis of folding, 
but-its angle of dip often diverges widely from the dip of the 
bedding planes. In  some places the beds have been very 
greatly crushed and sheared during the folding; this is well 
seen in the coarser grits, wherein component pebbles of slate 
are flattened and drawn out into slivers, and even the quartz- 
g m h s  me squeezed and elongated ; sometimes, also, thin 
plarthgs of shale between thick bands of grit have been torn 
up and incorporated into the adjacent bands. All these struc- 
tural featui-es of the rocks niay be conveniently studied in the 
fine coast-exposures between Holywood and Bangor. 

The intrusion of the oldest dyke-rocks of the district fol- 
lowed closely upon this .period of movement. These occur as 
narrow dykes of hornblende-lamprophyre , which, in most cases 
foIlow the bedding or cleavage planes of the slate-rocks ; 
they are very numerous in the country immediately to the 
eastward and sonth-eastward of the present sheet, but have 
only been identified in one place (at Tullynakill, 1& miles south 
of Castle Espie) within its limits. From the evidence in other 
parts of the country it is known that these intrusions are of 
Pre-Carboniferous age. 

During the early part of the Devonian period, after the 
older rocks had been packed into folda as above described 
and brought practically to their present lithological state, the 
area alppears to have formed part of a land-tract which stood 
at a considerable height above sea-level. Before the close of 
Devonian times, wide valleys had been carved out in this land 
by the ordinary agencies of sub-aerial erosion, and these 
hollows were afterwards wholly or partly filled by later accu- 
mulations. Owing to the less durable character of the infilling 
rock, these ancient valleys appear in some instances to have 
been partly re-excavated and re-filled two or three times in 
succession, and are even yet not completely obliterated. 

The wide depression occupied in part by Stranghrd Lough 
and extending inland westward to Dundonald, affords a 
striking illustration of this kind, containing within it a partial 
infi lhg of Carboniferous Limestone, Triassic Sandstone, 
Tertiary Basalt, and Glacial Drift. The red and purple stain- 
ing of the slate-rocks on the slopes of this valley, much above 
the present level of the red Triassic deposits by which thi8 
staining has probably been effected, points to the former 
existence of these red rocks up to the rim of the valley. 

The presence of similar stained slates on the coast east of 
Holywood, where again there is evidence for the former over- 
lap of Carboniferous, Permian , and Triassic beds , gave rise 
to the opinion that Cambrian sediments might possibly be 
represented in this quarter.l 

See reference to G. V. Du Noyer’s views as to these rocks in “ Explanation to 
Sheets 37, 38, and art of 29,” p. 22; aljo G. H. Kinahan, “ Oldhamia,” 8 c L  
Pm. Boy. Dublin ZM., vol. v. (1887), p. 340. 
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Caxboniferous Rocks. 
Although, from the evidence of the remaining patches, we 

may surmise that marine sediments of the Carboniferous period 
were spread widely over the eroded surface of the Silurian 
rocks during a submergence of the land in- early Car- 
boniferous times, the greater part of these sediments were 
removed in this district by pre-Permian, or at lmst by pre- 
Triassic , erosion. 

At  present only two very limited patches of Carboniferous 
rocks are known to exist within the limits of our map, though 
other similar patches may lie deeply buried beneath the Tri- 
assic strata west of the Lagan or in the Dundonald hollow. 
One of these patches occurs on the shore of Belfast Lough, 
between Cultra and Craigavad; and the other on the southern 
margin of Strangford Lough at Castle Espie. There having 
been only slight addition to our knowledge of these rocks since 
the publication of the original Survey Memoir (on Sheets 37, 
38, and part of 29) in 1871, the following details of these inte- 
resting exposures are mainly repeated from that Memoir, with 
supplementary notes and re-arrangement. 

L o w e r  L imestone Shales.  

Belfast Lough.-On the shore at Cultra, 200 yards S.W. of 
the quay, a fault running nearly north and south, with an 
upthrow to the eastward estimated at nearly 300 feet, cuts out 
the !LTriassic Sandstones which occupy the foreshore to the 
westward, and brings in a series of grey calcareous sandy 
grits and flags, and dark grey, nearly black, fossiliferous 
shales full of Modiola Macadami and other well-known Car- 
boniferous forms. 

A little farther north, due N. of Cultra House, we find on 
Ghe foreshore below high-water mark a different series of beds, 
dipping seaward, which have been proved by their fossils to 
be of Perrnian age ; and these will be subsequently described. 

These Permian rocks appear to rest unconformably on red 
and yellow Carboniferous shales containing Modiola Macadami 
in great abundance, which are seen at the edge of the low 
cliff bordering the shore. The Permian rocks are continuous 
for about four hundred yards, and are then cut out by a second 
north-and-south fault, along the line of which there is 8 narrow 
dyke of grey finely crystalline basalt. To the eastward of this 
fault the Carboniferous rocks , dipping seaward, again occupy 
the whole of the shore, and may be traced thence along the 
coast for about 600 yards. The lowest Carboniferous beds 
here exposed consist of thick red sandstones and conglomerates, 
which are overlain by grey, yellow, and reddish-brown shdes 
and thin sandstones interstratified with thin earthy semi- 
calcareous layers of a pale grey colour, probably dolomitic. 
Over these beds are dark grey and black fossiliferous shales, 
full of ModwZa Macadami and other Carbonifierous fosails. 

A? andysk euppoeed to refet to this rock is given in the original k o i r ,  
op. aok,p.ao. 



OARBONIFEROUS ROCKS. 

Then, after an interval of 300 yards in which no rocks are 
exposed, the Carboniferous shales are again seen on the shore 
immediately N. of Ardnalee House, and continue eastward 
br 500 yards. The highest beds here are red and green 
mottled highly calcareous sandstones , passing down into fine 

*conglomerate, below which there is a thick pale yellow sand- 
stone, these beds being probably the same as some of those 
seen in the last exposure. Underlying these are found several 
beds of red and green mottled calcareous sandstone, followed 
by about 100 feet of hard red grits, with red and yellow mottled 
shales, and the lowest bed of the series to be seen is a whitish 
finely-cry stalline limestone. 

Although the actual junction of these Carboniferous rocks 
with the Ordovician slates is not visible, the two formations 
are exposed in such close proximity on the shore that the 
boundary can be very accurately traced. 
. The following fossils were recorded in the previous memoir 
as having been obtained from the Lower Timestone Shrzle of  
these exposures1 :- 
8pheno h r i s  linearis ? 

iana, 8twnb. 
Rhynchonelltt pleurodon, Phi#. species). 

Beyrichis multiloba, Jolees 
Estheria striata ? Muenater 
Leperditia, Cythere, &c., (of undetermined 

Strepsodw (Roloptychius) Portlocki, Ag. 

. hpiddendron (Sagenaria) Veltheim- 

" Modiola Macadami, Poptt. 
. orfhooeraa cinctum, 8ou. 

. To the above list the following species have since been added 
-by Mr. J. Wrightg :- 

PGCe8. 
Pdmnisous Robisoni ? Hib. Amblypkrus punctatus ? Ag. 

9? S P  Psammodus rugwuB, Ag. 

Mouueca. 
Cypricardis sinuata, M'Cgy 
Natica ampliata, Phill. 

Pleurotomaria Yvanni, Lev. 
Murchisonia angulata, Phi& 

Macrocheilus acutm, &nu, 
J oxonema sulcatula, H'Coy 

Turbo appropinquans, Pd. 
Orthoceraa inseqniseptum, PhB. 

¶ *  SP. Euomphahs, sp. 

9 ,  sulcata, H'COy 
Pdyzoa. 

Fenestella irregularis, PhiZZ. 
Crustace& :-X-straca. 

. Cythere jonesiana, Ildrby Kirbya costata, M ' C b  
bperditia Okeni, Hiim., var. scoto- ,, Bnnectans, J. a d  K. 

burdigalenais. 
Annelida;. 

Spirorbis globoaus, M'Coy 
Acti?W%OtZ. 

Lithostrotion junceum, FZem. 

Another species of fish has also been added to the list by kfr. 
S. A. Stewarf, viz., Ctenacanthus denticalatus, M'Coy.8 

1 b m  the list in the original Memoir, op. cit., p. 17. 

8 The  I&& Nrrtu*a2isZ, vol, iii. (18941, p. W. 
'' The Geology of CuItra, Co. Down," Ninth Ann. Rep. Belfwg Pidd Ctd,  

1871-72, PD. 33-37. 

I .  I 
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I C a r b o n  I f  er o u s L I m 8s tone.  
Castle Espie.-This curiously isolated patch of Carboniferous 

Limestone occurs at a low level on the margin of Shrangford 
'Lough, two miles E.S.E. of Comber. It was at one time 
extensively quarried for lime-burning and other purposes, but 
the quarries are now abandoned and full of water, so that the 
rock is nowhere accessible; and only the heavy capping of 
drift, which covers the limestone to a thickness of 25 to 40 
feet, is visible in the present sections. 

The rock is described in the former memoir as consisting 
of a red or salmon-coloured finely crystalline limestone, occur- 
ring in beds varying from 6 inches to 4 feet in thickness, sepa- 
rated by thin partings of light green shale, and with a few 
layers of green and mottled shale from 3 to 4 inches thick. 
I n  the quarry these beds had a total thickness of 35 feet, and 
at the engine-shaft of 41 feet. Below the litnestone, dark 
purplish red and green mottled shales, probably representing 
the Lower Limestone Shale, were penetrated to a depth 
of 6 feet without their base being reached; and at the engine- 
shaft the limestone was reported to rest on red sandstone, 
believed to be part of the same series. 

Fossils, in good preservation, were abundant in the lime- 
stone, and still more numerous, though smaller and not .so ' 
well preserved, in the interpolated shales, the entire assem- 
blage indicating that the beds belong to the Lower Limestone. 
Some of the orthoceratites were of gigantic size, an im- 
perfect specimen of Actinoceras giganteum now preserved in 
the Geological Survey Collection in the Dublin Museum, 
measuring 2 ft. 4 ins. in length, and 1 ft. in diameter at its 
widest part .I Many of the Brachiopoda, especially Productus 
giganteus, also attained large dimensions. This species, along 
with Spirifera bisulcata and Streptorhynchus crenistria pre- 
vailed in the limestone ; while Athyris arnbigua, Orthis resu- 
pinata and Productus longispinus were the most abundant 
fossils in the shales. The following is the list of Castle Espie 
shells given in the former memoir ; traces of crinoids and corals 
were also recorded :- 

BRAOHIOPOD A. 
Ath 'a ambigua, 8ow. . Spirifera bisulcata, Bow. 
O r t E  msupinata, dr~arl. ,, glabra, lKuvt. 
productus 'ganteus, Mart. ,, strietcl, Mart. 

,, Engispinw, flow. Streptorhynchus crenistria, Pha.  

RhGchonelL pleurodon, PhU. Phill. 

Avioulopecten Forbesi, N'Coy 
CEPHALOPODA. 

Actinoceras giganteum, J .  8ow.s 

semireticulatus, Hurt Strophomena rhomboidalis, wlr. andoge, 

LAMELLIBRANUHIATA. 

1 This specimen haa been cut and polished to show the interior, which is filled 
with a maas of well-preserved shells and fragments of encrinites in a matrix of 
red limestone. 

2 Cssstle Espie specimens of this species have been described &hd figured by 
Dr. A. H. Food, in Monograph. Carb. Cephalopoda of 'Ireland. Monogr. Pdmont. 
Sa, vol. liii, (pl. ix., p. 28). 
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of the Castle Espie section given in the previous 
4, p. 37) lshows a thin band of Triassic Sand- 
unconformably on the Carboniferous rocks, and 
etween the boulcler-clay and the limestone. I n  

e accompanying text-description, however, no mention is 
,made of sandstone in this position ; and from the notes recorded 
on the original six-inch working maps, it appears that the 
supposition at  first held as to the presence of this bed was 
not borne out by subsequent investigation,, nor was the sand- 
stone observed by any of the Belfast geologists who visited the 
quarriesf while the section was accessible. Moreover, the fact 
that the surface of the limestone was beantifnlly scored with 
glacial str is  is proof that glacial deposits must have rested 
directly upon the Carboniferous rock in some places, if not 
throughout the section. The drift at this place is very sandy, 
and the “ sandstone ” of the quarrymen insy have been .only 
an indurated layer of “ calcrete ” at its base, such as is often 
present where porous drift rests upon limestone. It should be 
added, however; that [Sir] R. Griffith, in describing the 
Castle Espie limestone in 1843,2 m,enfioned that it was 
“covered by beds of red sandstone,” and his account seems 
to imply that sandstone was actually seen in this position; 
and the same statement occurs in a paper on Carboniferous 
fossils by J. Kelly, published in 1856.8 

It is, of course, probable that the limestone may extend 
northward beneath the New Red rocks; but there appearss on 
the other hand, to be evidence that the area of Carboniferous 
strata thus concealed must be limited, and that the New Red 
of the Dundonald valley usually rests directly upon the Silurian 
slate-rocks. At  several points along the margin of the valley 
Triassic sandstone or breccia is seen in such close proxiniity 
to outcrops of slate that the absence of intervening beds is 
asmred; and mining trial8 in the Newtown Ard8 district 
toward the end of the 18th centnry seem to have revealed the 
same conditions. The following account of these trials is 
given by Mr. W. Gray* from “ a manuscript record of certain 
mining operations carried on around Scrabo Hill and neigh- 
bourhood from the year 1780 up to the year 1784 ’’ :- 
. ‘‘ This journal gives a detailed account of several shafts sunk in search 

for coal, some of the shafts being 240 ft. deep. The result of these 
experime-nts is embodied in a report by Mr. J w p h  Jackson, dated 23rd 
March, 1786. , , , . . , In this report Mr. Jackson describes the several 
trials made, giving the position and depths of the shafts, and the strata 

a 

1 We are indebted to Mr. S. A. Stewaqt for this information : a fine speoimen 
of the glaciated limestone is preserved in the museum of the Belfast PhiL and N&t. 
Hist. Soo. 

“ On the Lower portion of the Carboniferous Limeatone Seriee of Ireland,” 
Rep. Bra. A88oe. for 1843, p. 46. 

8 “ On Localities of fossils of the Carboniferous Limestone of Ireland,” Journ. 
Ge.d.~lSoc., Dublin, vol. vii., p. 34.. 

4 An In uiry into the poasibihty and probabilit of the occurrence of Coal 
in the neighLurhood of Belfast,” Ninth Ann. Rep. %eZ/aat Pi& Club, 1871-72, 
P 32 
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met with, together with such information as he obtained by inquiry in 
the lacality, and then describing the geology of the district, he concludes 
as follows :- , . . . . . ‘We find, by quarries that are opened, as well 
as by brings, that the red freeetone is incumbent on the white ; we find 
also that the white freestone is incumbent on the primitive rock all round 
the Mountain of Scrabo ; WG find also that the .freestone is incumbent on 
the primitive a t  Anderson’s Hill,. at  Bowleren, at Killarn Glen, and 
Kirkdonnie Glen, and in James Chambers’ land, as proved by the boring ; 
we also find that the horizontal freestone beds rise towards the Mountain 
of Scrabo, and towards the primitive rock in the other places, which 
appearances are mfiicient proofs, in my opinion, that there are no seams 
or bands of coal contained within the district described.’” 

Perrnian Rooks, 
I h e  presence of a small patch of Permian rocks overlying 

the Lower Carboniferous shales on the shore at Cultra, has 
already been mentioned. The occurrence of Mrtgnesian Lime- 
stone at this place comparable to that of the horth of England 
was first pointed out by J. Bryce in 1835,l who did not, how- 
ever, recognise that Carboniferous rocks also were repre- 
sented? In  1852, Prof. W. King identified a few charac- 
teristic Permian species among the scanty fossils of the Mag- 
nesian limestone ,* and established the correlation. 

No other ou$crbp of rocks of this age is known in the district, 
and indeed there are only two other localities in Ireland where 
Permian strata have been recognised. This little isolated 
outlier therefore possesses great importance for the light which 
it throws upon the conditions that prevailed in the region 
towwd the close of Paleozoic times. From its relations to 
the Lower Carboniferous rocks, and from the character of 
these rocks at Cultra and Castle Espie, it is clear that zt con- 
sidemble mass of Carboniferous strata must originally have 
been deposited upon the irregular surface of the Silurian rocks. 
But subsequent elevatory movements brought these Carboni- 
ferous strata within reach of the agents of erosion, until, as 
we have seen, in this area there remained only a few isolated 
patches of the lowest beds of this period, which lay sheltered 
within hollows of the enduring slate-rocks of the older land. 
Then followed the subsidence of late-Permian times, which 
may perhaps have been very local and irregular, but which 
certainly brought in the waters of the sea along the western 
border of the ancient massif, and permitted the accumulation 
of the Magnesian Limestone and its associated masls at Cultra, 

1 “ On the &gnedan Limestone and associated beds which occur at Holly- 
wood, in the County of Down,” Jourrcy Cleol. Soc. Dublin, vo!; i., p. 176. 

2 Sm disoussion of Bryce’8 views by [Sir] R. Griffith, in Annual Addms,” 
Journ. Gd. Soc. Dublh, vol. i., pp. 146-149 ; also in Rep. Brd. A88M. for 1843, 
pp. 46, 46. 

“On the Permkm F d l a  of h~mb,” Rep. &d. A88oc. for 1862, p. 53; 
with further discussion in a later paper, On ihe occurrence of Permian Mae;neeian 
Limestone at Tullyoonnel,” J w m .  Gd. 8oc. Ddlin, vol. vii. (1867). p. 67, 



eaward at  about 20°. They appear to rest uncon- 
on the Lower Carboniferous shales already described. 
ssils occur in the lower red and yellow sandy and 

ic beds ; the following species were collected at the time 
e original survey, the specimens being now preserved in 

he Survey Collection at the Dublin Museum :- 
_I Productus horridus, 8ow. Area of. tumid4 Bow. 
. Baltewellia antiqua, bluewt. Turbo helicinus, 8 W h .  

Sohirodus Schlotheimi, &in. 
Prof. King also records 

Pleur ophorus costat UB, Brown. 

[Since the previous memoir waS published, doubts have been expressed 
ge to the age of the rocks it  Cultra, and it has been suggested that the 
beds supposed to be Permian form part of the Lower Carboniferous 

I thersfore took an opportunity, in May, 1903, after compiling the 
above account to examine the-Cultra exposure at Iow-water of spring tide. 
I found no difficulty in tracing the beda mapped as Permian and in 
verifying the main points of the above description, though being unable 
to devote time to the collecting of fossils, I can add nothing to the palaeon- 
tological argument. fPhe Carboniferous shales are, as usual,. great's 
stained and softened at their contact with the Permians, and the junction 
is further confused by having been implicated in shar 
foFtions of small amplitude, wfich repeat the beds; ut iiidications of 
strong unconformity at this junction are still recognisable. 

%boat-shapad con- 

I Prof. W. Kin op. ca. 
* Prof. E. Hd' Yem. OeoL 8urvey; Expl. of Sheet 47, pp 11-18, and 

Qzrcrrt. Jmrn. W. Soc., xxix., pp. 4 v 6 .  

of Cultra, C.I. Down," Ninth Ann. Rep. B d f d  Nd. 
F W  CZ&b, 1871-72, p. 33% ; and J. Andersoa, " On the Geologjcal Forrnatlona 
of the Co. Down," $mc. Sdfmt Nut. HiSt. and PM. Soc., 1871-75 pp. 4!-49- 
I em permitted, however, by Mr. J. Wright to state that he is now satisfied 
that the fossils collected b him were all obtained from the Carboniferous portion 
of the outcrop, end that iis argument against the occurrence of Permian rocb 
at Cultm wm based on a miaundershnding.4. W. L. 

" Sheef 37,28, and part of 29 
J. Wright, The Geolo 

; pp. 19, 20. 

C 



The following downward-tunaemion wa8 trawl in the beda above the 
junction. At low-water, the highest beds visible were :- 

Fhggy, dull red and slightly mottled sandy, slightly gritty, marls, with 
oocaeionttl rip le-marked layers. Thickness seen, about . 

Red, gritty, and &ely pebbly mad-a fine ained ' brookram '-thi 
fragments ohiefly crumbs of shale and saigtone, but with a few sub- 
angular bite of quartz towatd base (the largest observed being 
1i inches in diameter) where the bed is coarser, and yellowish or 

($eeulah ; the whole thins out westward and is probably a lenticle, 
'Ban of yellow magnesian limestone, mostly soft and decomposed, but 

in places hard and showing traces of fossils ; lumpy at  the top as 
if nodular and waterworn, . 

Flaggy dolomitic yellow and reddish purple marly layers, imperaistent 
and probably lenticular, Greatest thiokness not more than, . 

Gritty fine-textured ' brockram ' ; the fra ments chiefly of sandy shale 
I and sandstone, but with some angufar and subangular pieces of 
I quartzite, vein-quartz, slate, and chert (the largest observed, 3 inches 

': in hrgest diameter) ; irregular in thickness and probably lenticular ; 
resting unconformably on stained Carboniferous shales ; about, . 

Feet. 

. 10 

2 

li-24 

2 

- :The stained Carboniferous rocks may be followed esstward on the fore- 
&ore for a short distance from the junction, and are then hidden by 
boulder-clay ; they emerge ag@n before we reach the Cultra boat-landing, 
but are here dark and quite unstained, and extend in this condition up 
to the fault which brings in .the Triassic Sands$one, east of the landing. 
It is therefore probable that another fault occurs in the tract hidden by 
boulder-clay, bringing the stained and unstained Carboniferous rdcks into 
j uxfaposition. 

The lowest art of the fotwhore which I saw a t  the Permian exposure 
was occupied f y  a patch of boulder-clay, resting on the red marls, and I 
was unable to find the uppermost beds of magnesian limestone mentioned 
in the previous official account ; but these may have been under water, 
and may only be visible a t  exceptionally low tides. 

I was impressed by the resemblance of the section to that a t  the base 
of the 'New Red rocks on the opposite side of the Irish Sea, on the coast 
north of St. Bees' Head, near Whitehaven ; and the palsontological con- 
clusions as to the Permian age of the beda are certainly in accordance with 
the stratigra hical evidence. 

The resem%lance to the Cumberland sequence has also been great1 
strengthened by the discovery of marls and bands of conglomerate beneatg 
the main m w  of the Triassic sandstone in at least three deep borings in 
Beltast (see p. 21 and Appendix II.), these mlarls W g  probably the u p  
ward continuation of the Permian mmls earpmd at CulDra. 3 

a. w. L. 
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$&ASSIC bOCKS. 

CHAPTER 111.-THE MESOZOIC? ROCKS. . .  .- - 

li ’ A -  . Triassic Rooks, 
The lower part of the Triassic deposits of the Belfast distribt 

consists of cross-bedded sandstone and semi-indurated sand ; 
and the upper part, of regularly stratified marls with seams. 
and veins of gypsum, and, in the ground north of the present 
map, with thick beds of rock-salt. The sand and sandstones 
iuiderlie the head of Strangford Lough, and extend thence 
along the ancient hollow in the nlate-rocks which runs -past 
Comber and Dundonald to Belfast, where the beds expand 
northward into the depression of Belfast Lough and southward 
along the Lagan valley to the southern margin of the map. 

The marls which overlie these sandy deposits form a con- 
tinuous belt of sloping ground at the foot of the great escarp- 
ment of basalt and chalk, their outcrop expanding northward 
and their base descending in this direction until, near the 
northern edge of the map, they reach the shore of Belfast 
Lough. Throughout every part of their extent these Triassic 
rocks are much obscured by drift, and as a rule they are only 
visible in shore-exposures , stream cuttings , or in artificial ex- 
cavations. So far as is known the entire series is unfossili- 
ferous .1 

The older rocks around the margin of the hollows in which 
these Triassic beds occur, and upon which they rest, are stained 
red or purple to a considerable depth, this staining being as 
well-marked in the Silurian and Ordovician slates as in the 
Lower Limestone Shale of Cultra and the Carboniferous 
Limestone of Castle Espie above described. As already men- 
tioned, this staining occurs on the slopes of the slate-massif 
high above the present level of the Triassic rocks, affording 
evidence that at no very distant period these rocks were of much 
greater extent than at present. This indicates also that some 
of (the broader features of the present surface of the slate-rocks 
had their approximate equivalents in Pre-Triassic times. It 
is believed that , during the Triassic period, &s the result of con- 
tinental elevation at the close of Permian times, dry desert 
conditions prevailed over an extensive land tract covesng the 
site of the north-western part of Europe and the Atlantic 
border, and that the British deposits of this period were accu- 
mulated in lagoons and salt lakes, which repreaented the 
deeper gulfs and inlets of the Permian seas that became land- 
locked. 

Some obscure markings on the sandstone a& Scrabo Hill have been supposed 
to represent reptilian footprints. R. Young, Rep. Belfast Nat. Field Club, 1881- 
82, set  ii., vol. ii. ; “ Presidential Addreas,” 117. Similar markings have 
been observed in the mark ; see W. Gault, “ Ebservatione on the Geology of 
the Blaok MountBin,” Proc. Betfaet Nat. Pi& Club, 1876-77. Plate of sections. 

a 2  
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Tr iassic  Sandstone& 

These sandstones are seen in a few places along the northern 
shore of Strangford Lough and in railway cuttings S.W. of 
Newtown Ards, but by far the best exposures in this district 
are those of the great quarries on the eastern and southern 
flanks of Scrabo Hill, where the sandstone has been protected 
by a thick capping of basalt to be subsequently described. 

These quarries reveal about 120 feet of white, brown, and 
light purple sandstone, often micaceous, with thin partings 
and blotches of red mar1 or shale. The rock is in some parts 
massive and in others flaggy, and more or less cross-bedded; 
the surfaces of the beds are often ripple-marked, and occb- 
sionally are pitted, probably by rain-drops , and traversed by 
slight ridges representing the moulds of sun-cracks that were 
doveloped in the mud now forming the shale-partings. Besides 
being overlain by basalt the sandstone in these quarries is 
traversed by numerous intrusions of the same igneous rock, 
that take the form of sills and have forced their way almost 
horizontally along the bedding planes of the sandstone, as well 
as by vertical dykes that cut the sills along with the sandstone 
beds, as shown in Plate 111. 

There is, indeed, strong reason to suspect that the basalt 
above the sandstone in these quarries has itself been intruded 
as a sill, and that it was formerly overlain by Sandstone which 
has been removed by denudation (see p. 45). 

The sandstone of this locality has been correlated with the 
“ Lower Keuper ” Sandstone of Lancashire and Cheshire, 
and a smaller tract of corresponding age is believed to underlie 
another isolated mass of basalt exposed in the vicinity of Dun- 
donald , while the softer sandstones and semi-indurated sands 
which occur at lower levels along the Dundonald valley and 
in the vicinity of Belfast, have been regarded as equivalent to 
the Bunter (“ Upper Red and Mottled ”) Sandstone of the 
English series.l It should be noted, however, that to the west 
of the Lagan the Keuper Marls rest directly upon soft sandy 
beds presenting the lithological oharacters of the “ Bunter 
Sandstone ’ ’ without the intervention of beds like those of 
Scrabo Hill (see also p. 23). 

A few other artificial openings in the Triassic sandstones 
occur between Scrabo Hill and Dundonald, and to the south- 
ward of Dundonald ; and the rock is also occasionally visible 
in stream-sections on both sides of the Dundonald valley, in 
the latter localities being sometimes interbedded with thin 
bands of conglomerate or breccia composed of quartz pebbles 
and fragments of the underlying slates. The details of these 
exposures will be found in the original memoir on this district .9 

* Ment. Ged. )Survey, “Explanation of Sheet 37, &o.,” pp. 12, 18. 
2 The boundary-line of the ori inal map between the Triasaic and Silurian 

rocks of the Dundonald valley hm %een slightly altered on the new map to bring 
it into moordance with faots observed during the survey of the drifts. , 
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In  the Lagan trough, Triassic sands and sandstones of the 
‘‘ Bunter ” type are exposed in places on both the eastern and 
western shores of Belfast Lough, forming on the western side 

low cliff at the inner margin of the strip of raised beach 
between Belfast and Greencastle. They have also been 
reached beneath the superficial deposits in many borings within 
the municipal boundary (see p. 85, and Appendix II., p. 145), 
and are well Seen at the south-western suburbs of the city in 
artificial sections on the northern side of the Falls Road Ceme- 
tery and in the lower part of the ravines of the little streams 
south of Falls Park. 

In the valley between Belfast and Lisburn the sandstones 
are best exposed in quarries and stream-courses around RiIilI- 
town, and more ‘sparingly to the southward and eastward of 
this place. As the deposit has accumulated in hollows of the 
older rocks its thickness must be very variable; deep borings 
in Belfast show that its total thickness in the valley must 
exceed 500 feet. I n  three of these borings toward the eastern 
aide of the valley, viz., that at Lagan Vale (p. 146): that at 
Messrs. Inglis’s in Eliza-street (p. 148) ; and that at the Muni- 
cipal Electric Power Station, East Bridge-street (p. 145, and 
Fig. 12, p. 85), marls were found, as already mentioned 
(p. 18), below the main mass of the sandstone, associated 
with bands of pebbly conglomerate and hard calcareous layers, 
which are probably at or near the base of the Triassic rocks. 
Further reference to these sections will be found on p. 22. 

Trlassic Marls. 

The lowest beds of this division consist of red and greenish- 
grey shaly marl, with thin layers of grey micaceous sandstone 
showing pseudomorphs after crystals of rock-salt ; and for it 
few feet at  the base, these beds are closely interstratified with 
the underlying sandstone, so that the line of division is riot 
sharply defined. The higher part of the series consists of 
banded red, grey, and green-mottled marls, generally more 
or less streaked and veined with gypsum. No rock-sa,lt is: 
known to occur in these beds within the present sheet, but at 
Duncrue near Carrickfergus, four miles N. of its northern 
margin, -where the marls are about 800 feet thick, they contain 
several important beds of salt, which are mined on an extensive 
scale, one of the beds being over 90 feet in thickness. 

Around Belfast and in the valley to the southward, the 
marls are probably not quite so thick as at Carrickfergus. 
They are best exposed in the brickyards on the western and 
north-western outskirts of the city, where many deep excava- 
tions have been made in them, that usually also reveal ex- 
amples of the basaltic dykes by which the marls are almost 
everywhere traversed. Smaller sections of these beds and 
their accompanying dykes are likewise visible in Collin Glen 
and in many other places in the beds of the little streams that 
flow from the Chalk escarpment to join the Blackstaff or the 
Lagan in the central valley. Owing to the presence of these 
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soft clayey beds beneath the massive chalk and basalt, masses 
of th-e higher beds have slipped downward over the marls all 
along the foot of the escarpment, so that the highest part of 
Triassic deposits is rarely seen. I n  Collin Glen, however, 
where the top beds are sometimes sparingly exposed, the ~narls 
are found to pass upward into the marine Rhmtic beds pre- 
sently to- be described. I n \  the escarpment it is frequently 
difficult t6 decide 'whether the displaceriients of the rocks are 
due-to slipping or to strnctiiral fanlting, since- both 'kincls of 
disturbance are prevalent. 

On the later editions of Sheets 36 and 37 of the Survey Map 
showing the " solid " geology, an outlier of Triassic marl is 
indicated on the eastern side of the Lagan at Belfast,, inime- 
diately south of Ballymacarret. The Trim in this quarter is 
deeply covered with drift, and the insertion of the outlier of 
mar1 was made on the evidence of a boring, 265 feet in depth, 
at Connswater in 1875, which passed through red clays resem- 
bling the Keuper Marls. Several more recent borin,gs in the 
same district (for details, see Appendix II., p. 145), within the 
area shown as mar1 on thQ map, have reached Triasgic sand- 
stone immediately beneath the drift; and it is most likely that 
the " red clay " of the first boring has indicated the Lower 
Msrls beneath the sandstone, to which reference has already 
been made. The more recent borings mentioned above have 
proved that the lower part of the New Red rocks in the Lagan 

. basin includes thick maSses of marl, which are probably em-  
fined to the deeper part of the basin, and are therefore hot 
seen in actual outcrop, unless, as pr,eviously suggested, we 
suppose the marls of the small faixlted-up patch of Perinian 
at %ultra to represent' the downwara prolongation of these 
beds. At the same time, we may be sure, from the faulted 
character of the visible outcrops, that the structure of the 
Triassic rocks in the drift-covered valley S. of Belfast is much 
more complicated than the present " solid " map would indi- . 
cate, though the evidence at present available is inadequate 
to enable us to follow the course of the faults beneath the 
drifts. 

It was found during the mapping of the drifts that the marls 
extend farther eastward on the CO. Antrim side of Belfast 
than is shown on the previous geological maps (Sheets 28 and 
36), Brickyards and other artificial sections recently opened 
in the north-western part of the city prove that this district 
is underlain by marl, and not by sandstone 'as' hithetto repre- 
sentedl; and the boundary of the beds has therefore been 
modified in accordance with this new evidence. At  the Skeg- 
oneil brickyard the boundary is formed by a fault which 
brings up the sandstones on the eastern side. During the 
recent field-work, also, a small faulted inlier of marl, not 

1 In the '' Horizontal Seotion, Sheet 31," published in 1891, which traverasll 
this ground the wsition of ,the boundary between the Ism1 and sandstone ie 
oorraotly shown, - _  
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Nhown on previous maps, was found within the margin of the 
basaltic upland north of Collin Glen, the mark being seen for 
100 yards in the bed of a small stream. 

The marls have contributed very largely to the glacial de- 
posits of the district, the matrix of the boulder-clay in the 
Lagctn valley, and to a less extent in the Silurian ground to 
the eastward, having been mainly derived from them. 
. . With regard to the correlation of the -Triassic beds with 
those of Lancashire and Cheshire, to which reference has 
already been made, it is worthy of note that a series of deep 
borings made recently in the north of the Isle of Man .proved 
the existence, below sea-level, of thick Triassic Saliferous Marl, 
closely resembling the beds above described, resting on over 
700 feet of red and,grey sandstone which almost oertaidy sepre- 
sents the St. Bees' Sandstone of the Cumberland coast. 

Prof. W.. B. Dawkins has pointed out that this discovery 
" links on the salt-field at Carrickfergus with those of Barrow 
and of Cheshire, and shows that the Irish Sea is a%asilz. in 
which the salt-bearing Triassic marls were deposited. "1 
Therefore, if the Triassic strata of the North of Ireland have 
been deposited in the same basin as the Trias of t$e Isle of 
Man and Cumberland, it is to this nearer quarter that we 
should look for the correlation, and not to the more distant 
area of Lancashire and Cheshire. And if this course be fol- 
lowed, the Triassic sandstones of this part of Ireland may be 
regarded as the equivalents of the St. Bees' Sandstone; under- 
lain p s  in Cumberland by the Lower Marls and with an 
attenuated representative of the Permian, comparable to that 
at Whitehaven and in the Isle of Man, occurring in places at 
their base. 

* 

Rhaetlc Beds including the ."White Llas." 
The presence of these beds at the top of the Triassic Marls 

in Collin Glen has already been mentioned. They form an 
intermediate series between the marls and the overlying Lias, 
and are sometimes classed with the lower division and some- 
times with the upper., the former grouping being more usually 
adopted. 

No exposure of the RhEtic beds nor of the overlying Lias 
is known farther southward than 8 mile S+. of Collin Glen, 
and it is probable tfiat they are not continued in this direction ; 
but to the northward, though concealed by land-slips, the 
Rhetic may be present as a capping to the Trias up to the 
northern margin of the map, as it has been observed at Cave 
Hill, three miles N. of Belfast, and still further north, at 
rwoodburn, four miles beyond the limits of the present sheet. 
Our knowledge of these beds is principally d.ue to the researches 

., l R e .  Brit. A88oc., Liverpool, 1896, p. 778; and Tram. l I f @ ~ h t w & r : ~ ~ G d .  
Soc., vol. xluii., pt. xxi., yp. 147-169; see also Men?. Qed. LWvey, The 
Qeolo8y of th0 Id9 of Man,' pp. 291-295 
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of the late Prof. B. Tate, who in 1863 published a detailed 
account of the exposures, and for the first time classified them 
as Rhaetic.l 

The following is a summary of the section formerly exposed 
in Collin Glen, but now much obscured ; for full details Tate's 
original paper, above referred to, or the reprint of his section 
in the Geological Survey Memoir on Sheet 36 (p. 9), should 
be consulted T- 
" White Liae," consisting of :- Ft. In. 

Arenaceous mark with Protocardiztm rhceticum, . . 1 0  
White limestone, . 0 4  
Grey marls, . 6 0  
Red marls, . 9 0  
Grey arenweous shales, p a d n  down into- . . 10 0 

Black and bluish sandy fossili&ous shale with thin layers of 

Dark foeailiferous shale with thin layers of micaceous limestone, . 
Thinly-bedded shale with scattered fish remains and other fossils, . 
Sandy shalc and stiff black clay on Keiiper marls, 

argillaceous limestone, 

. 

Ft. In. 

1 
i" 

10 2 
2 10 
1 0  
6 9  

46 1 
--- 

The occurrence of " red marls " in the upper part of the 
Rhztic series is noteworthy, as similar beds on that horizon 
have been previously observed only in South Wales, near 
Bridgend, where, as remarked by Mr. R. H. Tiddeman, they 
indicate " a local recurrence of the sedimentary conditions 
which attended the deposition of the Keuper Marls. ''a 

The fossils recorded from these beds by Tate, with the 
names modified to suit the later nomenclature of the species, 
are as follows :- 

LAME~BRANUXIATA. 

Avicula contorts, Portl. 
Isodonta Ewaldi, Born. (seAxiniis 

Modiola minima, Bow. 
Pecten valoniensis, Defr. 

Placunopsis rclpina, Winkler 
Protocardium rhaeticum, Merian (= Protoc. 

cloacinus, Quenst. 1 philippianum, Dunker). 
Myophoria postera, Bronn. 

GASTEROPOD A. 

Natica Oppeli, Moore Trochus Waltoni, Moore 

PISCES. 
cyrolepis Alberti, AqU88k 

Aorodw minimus, Agaseiz 

Saurichthys apicalis, Agassiz 
,, fenuistriatus, Agaesiz Hybodus minor, Agassiz 

9, SP- 
REPTILIA. 

Ichthyosaurus (femur and teeth). 

At Cave Hill, where the Rhztic beds were at one time well 
exposed in the cutting for the tramway at the entrance to the 

* " 0x1 the Liessia Strata of the Neighbourhood of Belfmt," Quart. Journ. 

* Summary of Propm of the Gedogical Survey for 1899, p. 132, 
i?&& Elm., v01. xx., p p  103-114. 
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1. Black shalea, unfossiliferous, . 
2. Highly calcareous marls, with Lima giguntea and Ammonites inter- 

d i w ,  . 
3. Mark and shales, with EchTinue-spika and ModioZi mini& P . 

[Tr4p dyke, 2 feet.] 
4. Alternations of shelly limestones with Ostrea Ziaeeim ? and Modzdu 

minima, . 
6. ' White Lias.' (See p. 24.) 

25 

Ft. In 
16 0 

1 0  
17 0 

4 3  

38 3 
I 

q large quarry, but are now hidden by talus except in the ugper- 
most part, the following section was observed by Tate :- 

' White Liw ' consisting of indurated shales and marls, yielding O ~ t r m  
k#8ica, strickl. ; Cardink, sp. ; dlondie decuse&, Coldf., and 
a few other shells ; along with Cardiwn Rhmticurn, Axinue dmcdnu.9 
and Modioh mini&, . 

Black shales, with Axinu8 4 w i n u e  aid A&c& CO&&, 

Shales, 
Three bands 0: argiUaceous limestone, 
Black shales, mth Avicuh contorts and fish, . . 

Blue Keuper marls below. 

: 
' ~rgihceous limestone, 

Ft. In. 

} ::; 
12.2 
0.14 
2.8 
0.24 
0.10 

These RhEetic beds mark the beginning of a period of regional 
depression which affected the greater part of the British 
Islands and brought the waters of the sea once more over the 
land. Similar deposits, containing the same species of fossils, 
are found almost everywhere throughout England at the base 
of the Lias, and show the same transitional characters. With 
the gradual deepening of the sea, new forms of marine life 
were introduced, and the accumulation of the Liassic deposits 
commenced. 

_ -  

t 

Lower Lias. 

The fossils recorded by Tate from this section are a8 
follows : - 

Ammonites [Bgooeras] intermedim, 

Avicula (Oxytome) inaequivalvis, Sow. 
Cardinia ovalis, Stutchb. Nuklana (Leda) rostralis, Gold/. * 
Gryphaea arcuata (= incurva, flow.) 
Lima acuticosta, Gddf. 

Lima punctata, Sow. 
P d .  Modiola cuneata, Sow. 

minima, 8ow. 

Ostrea irregularis, Muenet. 
Pleuromya unioides, AgaBBaZ 

,, 'ganfea, Sow. Kemipedina, sp. 
,, !ik3rmanni, vdtz 

1 Quart. J w n .  Qd. ~ o c . ,  xx., p. 109. 
* This is probably the form which I>r. W. F. Hume rnentiona &B Amm. (Arie- 

. t b )  Johrtstoni, Bow,, at thiu locality, Qwrt. Jowtt. W; Sac,,, liii., p. 640. 
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At Cave Hill, as already mentioned, only the passage-beds 

the townland of Ballyaghagan, on the southern side of Cave 
Hill, the Lias can be traced for some distance along the foot 
of the bluffs, the best exposure being in the bed of a little 
stream which notches the escarpment between Cave Hill and 
Squires Bill. Among the fossils collected fo’r the Survey from 
this place were Ammonites [Psiloceras] planorbis ; Lima 
gigantea ; Modiola minima ; and Astarte Geuxi.1 

We can form no estimate as to the original thickness of the 
Lias in this district, since only the lower part of the Lower Lias 
now remains, any higher beds which may have existed having 
been swept away during a subsequent period of denudation be- 
fore the overlying Cretaceous rocks were‘ deposited. The greater 
part of the beds above described appear to belong to the ‘‘ Zone 
of Amrn. planorbis,” the lowest of the Ammonite-zones of the 
Lower h i m ;  and the only other zone which has been recog- 
nised within the present area is the next overlying “ Zone of 
Amm. angulatus,” which is believed by Tate to be represented 
by the “ highly calcareous mar1 with Lima gigantea and 
Amm. intermedius ” of the Collin Glen section.2 Farther 
north in Antrim, slightly higher zopes are also represented ; 
but the Lower Lias series is still incomplete, while of the 
Middle and Upper Lias no trace is known to exist, except in 
the form of boulders in the drift.3 

Between the Lias and the rocks which here overlie it we en- 
counter another great gap in the suceession, comparable to those 
which we have recognised between the Silurian and Carboni- 
ferous and between the Carboniferous and Permian systems. 
At  some period between Lower Jurassic and Upper Cretaceous 
times the region had again been elevated above sea-level, with 
the result that again were great masses of strata stripped 
away from the land, leaving only remnants of Lias here and 
there as proof of the Lower Jurassic submergence. 

The stratigraphical record remains blank in this region 
until the wide-reaching submergence which affected the British 
Islands in Upper Cretaceous times began to bring the sea once 
more over the country, and thereby led to the accumulation of 
the shallow-water sandy and pebbly “ Greensand ” beds which 
underlie the White Chalk. 

I 
, of the series seem to have been exposed (see p. 25); but in I 
i 

See Mem.  Geo?. 9;urvey on Sheets 21, 28, and 29, pp. 39, 40. 
p7 * “On the Lower Liae of the North-east of Ireland,” Quart. Jown. Bed. 
floe., xxiii., p. 302. 

3 Prof. W. J. Sollas and R. L Praeger have recorded the presence of trans- 
ported Middle and Upper Lias fossils in the drift near Dublin, and suggest that 
them may have been carried from the Hebrides. Iri& Nat., vol. iv., p. 326. 
It is more probable, however, that they indicate the existence of these divisions 
somewhere in the northern part of the bed of the Irish Sea. Middle Lias foesik 
have ale0 been fowd in boulders in North Antrim, 
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Upper Cretaceous. 

The north-east of Ireland is the only part of the island in 
.\irrhich Cretaceous rocks have been preserved, though they may 
8t one time have covered a large part of the country, and were 
probably continuous with the rocks of the same age which 
are 80' widely developed in the east and south-east of 
England. 

Their persistence in the North of Ireland is due to the great 
o'utpouring of basaltic lava by which they were coverqd early 
ih 'Tertiary times; but denudation had already made great 
ihroads upon them before they were thus protected. 

It is for the most part only in a narrow belt akound the edge 
of the dissected basaltic plateau that the Cretaceous rocks are 
now exposed. I n  the present sheet their outcrop occupies the 
lower bluffs of the great escarpment west of the Triassic low- 
land. Along this bold feature the chalk has been extensively 
quarried for lime-burning and other purposes, so that the for- 
mation is exposed in numerous fine artificial sections as well 

: as in the stream-courses which descend from the basaltic up- 
land. As compared with the development of the Upper Cre- 
taceous in England, where the chalk alone in some parts at- 
tains a thickness of 1,600 feetl, the Irish series is much attenu- 
ated, the representatives of the Chalk and Upper Greensand 
eombined not exceeding 80 to 100 feet in the district under 
description, and even where thickest, farther north, not ex- 
ceeding 200 to 300 feet.2 The lithological character of some 
portions of the formation also differs widely from that of the 
corresponding horizons in England, and much difficulty has 
arisen in establishing the correlation between them. 

The early contributions to our knowledge of these rocks have 
been comprehensively reviewed by Prof. R. Tate in his pap~r 
on the correlation of the-series, published in 1864,8 and to this 
literature no further reference need here be made. In the 
paper just mentioned Tate classified the deposits under two 
divisions-Hibernian Greensand, and Upper Chalk ; 'and again 
subdivided these into zones according to their fossils and litho- 
logical characters. Further advances in the comparative gtrati- 
graphy of the formation were made in 1876 by Dr, C. Barrois 

' A. J. Jukes-Browne, Mem. (led, .&wy. The Cretaceous Rocks of @red 
&it&, vol. ii., (1903), p. 2. 

' 9 Hem. GwZ. 8wvey, Expl. of Sheet 20, p. 9. 

L 

8 Qwrt. Jwrn. G d .  i??bo, vol. xd., pp. 18-20, 
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in his classical monograph on the Upper Cretaceous rocks of 
England and Ireland,l and by Mr. W. Gault, of Belfast.2 The 
Microzoa of the deposits have a180 been studied and catalogued 
with great care by Mr. J. Wright.3 

More recently an exhaustive study of these rocks has been 
made by Dr. W. F. Humet  who has shown that the Upper 
Cretaceous sequence is more fully represented than had been 
supposed, but that there are great local variations iu the 
character and thickness of the beds in different parts of 
Antrim. 

As no work has been done by the Geological Survey on these 
Upper Cretaceous rocks since the original examination over 
thirty years ago, before the modern methods of subdividing the 
Chalk had been established, the brief description now to be 
given will be drawn mainly from Dr. Hume’s paper on the I 
subject. d 

d 

Dr. Hume divides the Cretaceous district into five areas--, 
Southern, Central, E astern, Peninsular (N. E. corner of An- 
trim), and Northern-in which the strata present well-marked 
local differences of development ; but of these only the 
Southern, Central, and a small part of the Eastern divisions 
come within the limits of our map. Within these limits, it is 1 

in the ‘‘ Central Division ” of Dr. Hume, as represented by the 
section in Collin Glen, that the Upper Cretaceous sequence is 
most fully developed. This section will therefore be described 
filrst; and a short account will then be given of the changes 
which the beds undergo when traced southward and northward 
from this place. 

The following figure (Fig. 2), reproduced with the author’s 
permission from Dr. Hume’s paper, representg the verticsl 
succession of the rocks occurring in the Collin Glen section. 
These beds are twice repeated along the course of the stream 
as the result of the faults shown On the Survey map, by which 
a wedge-shaped mass of strata is brought up on the west, so 
that the Iceuper marls reappear on this side and a3ut against 
the Chalk and Greensand! (Plate IV.). 

.1 “Recherahes 8ur le Terrain Cr6tacB Sup6rieur de 1’Angleterre et de 
I’Irlmde,” Mem. BOG. Qed. du Nord LiUe. 

, 
2 P ~ o c .  Belfwt Nat. Field Club, 1876-77, pp. 261-262. 

‘( Irish &et. Microzoa,” Proc. Belfast Nal. Fida ,Club, 8er. 2, vol. i,, (1879-80), 
p. 74. 

A The Cretaceous Strata of Co. Antrim,” Quart. Journ. Ued. Soc., vol. 

5 See Mcm. Qed. Survey, “Sheet 36,” p. 28 and Fig. 1. 

liii. (1897), pp. 640-606. 
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C8ETAC8lOtJS ROCKS. .a9 
I .  

Fig. 2.4ection of Upper Cretaceous Rocks in CoGn Glen (Dr. W. F. Hume). 
Scale 1 inch 4 6  feet. 

* 6, White Limeetone 
with layers of 

flint. 

. 6. Nodular Layer. 

4. Cdlbccw8a-bede 

and 

3, Yellow S&od&one& 

2. Glauconitic Marl. 

1. Glauoonitio Sands' 

Resting on the Liassic shales in 
these sections Dr. Hume finds :- 

(1.) Eight or 10 feet of deep- 
green Glaucodic Xands 
with quartz pebbles and a 
band of phosphatic nodules. 
They contain many well- 
preserved fossils, includ- 
ing Egogyra conics var. 

- lcevigata, Pecteln (Jarzira) 
qzcinquecostatzcs, Pecten 
(Amzcsium) orbiczclaris, 
Cuczclltxa carinata ; teeth 
of fishes, &c. These sands 
are overlain in Collin Glen 
by :- 

(2.) About 2 feet of grey Glccu- 
conitic Marl containing 
Vermicular ia concava and 
Vermicutaria quinq.ue- 
cccrimta in great abun- 
dance. 

(3.) The calcareous buff-coloured 
Yellow Sandstones which 
overlie the mar1 are a-bout 
30 feet thick, and contain 
masses of chert and fossili- 
feroiis bands, containing 
Odrecc (Alectryonia) car& 
nuta, Pecten (Janba)  
quadricostatzcs, Pecten 
(Janira ) quinquecostatus, 
Lima serniSulc&t, Lima 
gbbosa, Panopma mandi- 
bula,and many other lrtmel- 
librmchs ; Verrnicularicc 
qu+nquecccrinata, &c. 

, (4.) A series of alternating hard and soft calcareous glau- 
conitic sandstones and greensands (" The Chloritic 
Sands and Sandstones " of Tate), about 15 feet thick, 
forms the next member in the upward succession. 
In  this series fossils are most abundant in the softer 
beds, in the lowest of which Vermicularia concazla is 

. 



plentiful, and at a slightly higher level Ezoggra 
columba, of large size, along with species of Trigonia, 
Pecten (including, rarely, Pecten asper), Ostrea, and 
other lamellibranchs, with teeth of fish, &c., while 
the highest of the softer beds is characterized by the 
remains of a, crustacean referred to Callianassa, along 
with Natica and polyzoa. 

(5 . )  The uppermost part of) the sandy series in Collin Glen 
is obscure, and there is supposed to be a gap in the 
succession at this place before the next stratum was 
formed, either through stoppage of deposition or 
through erosion of beds already deposited. Dr. Hume 
quotes Mr. Gault's description of the overlying rock 
as " hard green speckled chalk, coarsely conglomer- 
atio a t  the base ; large rounded pebbles of quartz and 
other rocks; the glauconitic grains are large: and 
thickly scattered throughout, giving the bed its well- 
known name of mulatto-stone. The fossils, except 
the sponges and brachiopods, are broken and worn, 
being probably derived from the waste of an older 
bed. Sponges are numerous, but other fossils are 
rare." This bed is supposed to represent the " Chlo- 
ritic [gl~~uconitic] Chalk " of Tate, which expands to 
a thickness of 20 feet or more in the eastern part of 
the " Eastern Division " of- Dr. Hume.1 The rock 

, contains Belemnitella (Actinocamax) vera, Echino- 
corys scutatub, many Ventriculites, and teeth of fish. 
It is overlain by- 
rd white Chalk about 20 feet thick, with flints id 
gular rows except in the lowest 2 feet, which con- 

tain few flints. Belemnitella mucronata is the 
characteristic fossil. 

I n  tracing the above succession southward it is found that 
all the beds below No. 5 soon disappear, so that from White 
Mountain south-westward the sections show the White Chalk 
with flints resting almost directly upon the Triassic marls, 
with only a thin band of the conglorneratic " mulatto-atone " 
(No. 5) between them. On the original Survey map (Sheet 
36) the Upper Greensand outcrop is indicated as continuous in 
this quarter, owing to the " mulatto-stone " having been in- 
cluded as part of the greensand series. Tate and Hume have 
shown, however, that 'this method of classification cannot be 
sustained. 

. 

Northward from Coliin Glen the Glauconitic Sands (No. 1) 
axe continued, with the same thickness, to the margin of the 

* Op, Cit., p. 604 and pi. XLV. 
























































































































































































































































































