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I . INTRODUCTI01~.

I~r the neighbourhood of the village of Llangynog, some 6 miles
south-west of the town of Caermarthen, an elevated tract of ground
lying between the River Towy on the east and the Cywyn on the
west, presents features of especial interest in that it contains several
small masses of igneous rocks among the Ordovician sediments. I n
the re-mapping on the 6-inch scale of the South Wales Coalfield and
the ground adjacent thereto, it fell to us to re-examine this district.
I n memoirs necessarily devoted chiefly to a description of the Coalfield, it is not possible to enter into such detail concerning the
petrology and stratigraphy of these older rocks as they seem to
deserve. We therefore sought the permission of the Director of
the Geological Survey to lay before this Society the following
particulars.
The district is comprised in the Old Series 1-inch Ordnance-map,
Sheet 41 ; in the New Series 1-inch map, Sheet 229 (Caermarthen),
and in the 6-inch maps, Caermarthenshire 38 S.E., 39 S.W., 45 N.E.,
and 46 N.W[ I t consists of an elevated plateau, which at Pen-yMoelfre and Castell Cogan attains an altitude of 546 feet and
426 feet respectively; it is drained in part by several streams
which flow southward into the estuaries of the Thf and the Towy,
and in part by streams flowing north-westward into the Cywyn,
which itself falls into the T~f.
a Communicated by permission of the Director of Iff.M~.Geological Survey.
R2
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The south-eastern part of the plateau is occupied by the red
marls of the Lower Old Red Sandstone, the base of which crosses
the district from north-east to south-west, and rests with great
unconformity on the various Ordovieian and Cambrian rocks which
make up the north-western part of the plateau.

I I . -H-ISTORICAL SUMMARY.
The earliest references to the igneous rocks of the district appear
to be the observations published by ~[urchison in 1839, in his
' Silurian System.' I n chap. xxviii, 1 on Caermarthenshire, under
the heading ' Trap of Castel cogan, &e.', he calls attention to the
outburst of trap which occurs between the rivers Towy and T'M,
pointing out that the trap has been erupted along a north-east
and south-west fissure, and is traceable at intervals for 3 or 4
miles, from Glog, past Capel [Bethesda] and Llangynog, to Castell
Cogan and Gallt-y-minde on the left bank of the Taft He notices
the felspathic character of the rock [rhyolite] at Gallt-y-minde 2
and Castell Cogan, and observes that it contains minute crystals of
iron-pyrites. Having thus briefly noted the course of the supposed
outburst, as followed from north-east to south-west, he retraces
his steps and points out that, after subsiding for a while, the trap
reappears at Capel [Bethesda] in the form of a concretionary
felspar-rock ~rhyolite]. He observes that the line of outburst is
flanked by masses of volcanic grit, passing into a felspar-conglomerate [Tetragra_ptus-Grits]. At Glog this conglomerate had been
deeply quarried, and the base of the quarries exposed
"a very hard rock, full of oblique rents and cracks, made up essentially of

compact felspar, ibr the most part concretionary, whilst in the upper part,
small pebbles of quartz become apparent, and are frequent near the summit.
This felspar conglomerate, with quartz pebbles of the size of eggs, varies from
that state to a grit, and when deeply laid open, consists of a eoneretionary and
solid mass of felspar.' 3
He points out that the strata along the line of eruption near
Castell Cogan are extensively fractured; that the associated
' Silurian' grits are in places vertical and even iuverted, and are
unconformably covered by the Old Red Sandstone.
On his map ]~Iurchison shows four patches of ' t r a p ' in the
' Silurian' rocks of the Llangynog district, and three patches of
' volcanic grit,' and notes the occurrence of 'trap-conglomerate.'
Of his four patches of ' t r a p , ' one is evidently the rhyolite of
Casgell Cogan ; another, the rhyolite of Capel Bethesda ; a third is
presumably the mass of rhyolite which he appears to have seen
in the deep quarry at Glog ; while the fourth coincides in position
with an elliptical outcrop of Tetragra2~tus-Grit at the old windmill
1 pp. 365-66.
This name does not appear on the Ordnance-maps; Gallt-y-minde is the
steep slope west of Castell Cogan.
' Silurian System' 1839, p. 365.
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1 mile east of Llangynog village, but where no igneous rock is
now to be seen. Strangely enough, the Lambstone porphyry is not
represented on his map.
Of his three patches of ' volcanic grit,' one appears to be the
Didymogra_ptus-bifidus grit of Castell-y-garthen; a smaller patch
to the north-east of this is probably a grit of like age, which
crops out 400 yards west of Lambstone Farm ; while the third is
evidently the 7'etragraptus-grit of Pen-y-Moelfre.
He represents the sedimentary rocks associated with the igneous
rocks a s ' Llandeilo :Flags' a n d ' Upper Silurian' rocks: t h e ' Llandeila
Flags' areTetragraptus-Beds (Arenig); the supposed ' Upper Silurian '
rocks are certain green marls, cornstones, and sandstones, which
form the basement-beds of the Old Red Sandstone of the district.
On his section (pl. xxxiv, fig. 11), which is drawn along a
north-north-west and south-south-east line through Pen-y-~[oelfre,
Murchis0n represents the [Lower] Silurian rocks of that hill as
undulating, not vertical, and as containing bands of volcanic grit ;
and a boss of trap is shown as bursting up between the Lower
Silurian rocks, and what (from the colour on the map) he appears t(~
have meant for Upper Silurian, but which are now known to be
Old Red Sandstone. These supposed [Upper] Silurian rocks are
represented as faulted off from the Old Red Sandstone. The lastmentioned boss of t r a p does not appear on the map, and does not
indeed occur on the ground through which the section is drawn.
De la Beehe 1 refers to the presence of conglomerates among the
Lower Silurian [OrdovicianJ rocks of the district. The original
Geological Survey-map, Sheet 41 (published in 1845), shows the
igneous rocks "at Coomb and Lambstone as ash-beds, but the
rhyolite of Capel Bethesda is included in the diabase north of
Pen-gelli-uchaf and coloured as a greenstone-dyke. The diabase o f
Tre-hyrn is not shown, and much o f the ground occupied by
andesites near that place is thrown into the sedimentary series.
The horizontal section, Sheet 2, Section 6, published by t h e
Geological Survey in 1844, is drawn along a north-west and southeast line through Pen-y-Moelfre; it represents that hill and also
Moelfre Wood as anticlines, with a syncline between them. T h e
Lambstone igneous mass is shown as 'trap-rock,' and bleached
shales are noted near the ' t r a p . '
The late Thomas Roberts ~ noted that ' the rock marked Fsb 2
on the Survey-map, near Llangynog, appears to be a diabase.' I t is
probable, althoug h not certain, that in this passage he referred t o
the diabase of Tre-hyrn.
We have given a brief account of the igneous rocks in the
' Summary of Progress of the Geological Survey' for 1904. 3
' On the Formation of the Rocks of South Wales & South-Western England '
Mem. Geol. Surv. vol. i (1~46) p. 29.
2 Quart. Journ. Geol. Soc. vol. xlix (1893) p. 170.
3 Mere. Geol. Surv. 1905, p. 37.
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I I I . T~E SEDIMENTAR~ROCKS.
The sedimentary rocks associated with the various igneous masses
consist of the following, in descending order : :LowF~n
OLD RED SANDSTONE.

OnDOWCIAN
(AR~.Nm).

R e d marls and sandstones; with a group of green
marls and eornstones, sandstones, and conglomerates at the base.
"Didymo.qraptus-bij'idus Beds. - - Blue-black
shales with one or more thick bands of grit
(Bifid~ts-grits) towards the base. Graptolites of
D.-bifidus type characteristic.
Tetragraptus-Beds.--Black and buff shales, often
iridescent and iron-stained, with interbedded thin
grit-bands. Thick bands of ashy grit and conglomerate (Tetragraplus-grits) towards the base.
Fossils rare; the shales yield extensiform and
dendroid graptolites, Telraffraplu~,and somehorny
braehiopods ; Didymograpt,~tstyifidusis aliment. The
grits yield occasional specimens of Orghis.
(1) T h e

1"etragraptus-Beds.

The beds belonging to this subdivision crop out on some elevated
ground extending north-eastward from the village of Llangynog
towards the River Towy, and occupy an area some 4 miles long by
1~ broad. They are faulted on r,he north against an outcrop of
.Didymograptus-bij-Tdus Beds, and on the south are bounded by the
Old Red Sandstone. Stretching across the middle of this shalearea is a series of elliptical hills and ridges made up of grits and
conglomerates. The ridges, which are frequently bounded on all
sides by faults, are disposed in a zigzag line running from west
to east, from Pen-y-Moelfre and Moelfre Wood, through the Windmill Hill, to Glog, a distance of 2 miles. Inasmuch as the grits
and conglomerates forming these ridges are more or less vertical,
the true order of succession is not obvious; but we have every
reason to think t h a t the grits and conglomerates are the same
as those which form the core of a dome-like anticline at, :Bolahaul and Allt-cystanog south-east of Caermarthen, ~ where they
underlie the equivalents of the Tetragraptus-shales and constitute
the lowest member of the Arenig Series. At Llangynog they are
again brought up ill the form of anticlines, and are the oldest part
~)f the Tetragr~tus-Beds.
(a) S h a l e s n o r t h

of t h e G r i t s .

On the north of the grits the best sections are to be found
a l o n g t h e upper parts of Nant Crymlyn, a stream which rises on
some peaty ground north of the village of Llangynog, and flows
north-westward to the Cywyn at Banc-y-felin. In this brook, due
north of Lan-y-gors, greyish-black splintery shales and mudstones,
1 'Summary of Progress of the Geolo~cal Survey for 1904' ]~Iem. Geol.
Surv. 1905, pp. 33, 34.

Downloaded from http://jgslegacy.lyellcollection.org/ at Nanyang Technological
University on June 1, 2016

Vol. 52.]

IONEOUS AND SEDIMENTARY ROCKS OF LLANGYI~OG.

227

with small horny brachiopods and dendroid graptolites, are exposed.
The same beds have been cut through by the road from Forest
to College, which here crosses the stream ; and this section shows
the iron-staining and iridescence that frequently distinguishes
these beds. Traces of dendroid graptolites and horny brachiopods
were found here, together with Clonogra))tus sp., as identified by
Miss E. M. R. Wood.
There are other sections near College and about the village of
Llan~,nog, and also at Lambstone Farm, in close contiguity to the
Lambstone porphyry; for instance, in a carNroad leading to the
fields behind Banc-y-ffynnon highly-mieaceous buff shales dip
west 10 ~ north at 50 ~ or thereabouts, towards the porphyry which
crops out on some rough ground 50 yards farther to the west.
At Lambstone Farm, in a lane immediately west of a quarry in
the porphyry, is a small opening in faulted and disturbed shales;
there has evidently been some amount of movement between the
shales and the porphyry, but the actual junction is not well-exposed.
SmaU outcrops and dgbris of buff shales may be seen in the
adjacent fields.
There are* several outcrops of grit within the shale-area just
described, but as they do not appear to lie on the horizon of the
massive grits of Pen-y-Moelfro and Glog, and are relatively unimportant, they will not be further described. They can be seen at
]t'fordd and Nant-y-gSg; while another forms a low ridge running
from Ffald south-westward towards Peu-y-Moelfre.
(b) T h e G r i t s a n d C o n g l o m e r a t e s .
The main outcrop of grits and conglomerates first appears near
Glog-ddu, nearly 2 miles east of Llangynog village. Here an
elliptical outcrop of conglomerate forms a conspicuous ridge immediately west of the farm. The rock is exposed on a footpath at the
eastern end of the ridge, and there are occasional outcrops along
the crest; but the best section is afforded by a large and conspicuous old quarry on the northern face of the ridge. This is
doubtless the quarry described by Murchison (ante, p. 224) as
showing the conglomerate passing down inte 'felspar-rock.' The
only rock now visible is a conglomerate, consisting of well-rounded
pebbles of what appears to be rotten rhyolite, with others of fine
white quartzite, vein-quartz, and shale, embedded in a hard
felspathic and sandy matrix, olive-green and buff in colour. The
rock is devoid of bedding-planes; and such small evidence of
bedding as is shown by the arrangement of the different-sized
pebbles suggests a dip of about 20 ~ to the north. There is no
obvious difference between the beds at the top of the quarry-face
and those at the foot.
From Murchison's description we can
only conclude that, at the time of his visit, some lower rock, now
hidden, was exposed in the quarry, or that he was mistaken in
his identification.
A quarter of a mile farther north the grits and conglomerates
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reappear at Glog Farm, where they may be seen near the well a
few yards north-east of the house. They consist of felsite-eonglomerates and interbedded black shales which have yielded Orthis.
Traced westward from Glog, the grit-crop extends for about half
a mile to the cross-roads north of Pen-gelli-uchaf. It is bounded
on the south by a faulted strip of ground, which includes the
rhyolites of Capel Bethesda, and a remarkable rhyolite-conglomerate of doubtful age. At the cross-roads is a quarry in rotten,
diabase, which appears to have been intruded into the grits.
The bare surface of the road about 60 yards north of the crossroads shows pebbly grits, largely made up of rhyolite, within a few
feet of the diabase which is exposed on the road-surface and alsa
in the old quarry hard by. The grit-outcrop can be followed from
this point as far as the site of Lan-ganol, 120 yards south of which
a small quarry by the side of a field-road shows, within a few
feet of the conglomerate, black, yellow-weathering shales. Thes~
yielded Divtyonema sp. and Orthis Actoniee (?) Sow., and appear to
be identical with the shales which immediately succeed the conglomeratic grits in the Caermarthen district.
At Lan-ganol the grit-outcrop abruptly turns back on itself,
and trends in a west-south-westerly direction. At Pen-y-graig
Farm it forms a prominent elliptical hill, on the north side of
which a roadside-quarry, 80 yards west of a ruined windmill,
exhibits massive pebbly grit apparently dipping northward at 70 ~.
I t has already been pointed out (ante, p. 224) that Murchison's
map represents a patch of trap somewhere hereabouts, but we
have not been able to find any such rock.
South-west of this quarry are several exposures of the grits and
conglomerates in the roads, by which the outcrop can be traced to
Ffald. ]=[ere it appears suddenly to terminate against a north-east
and south-west fault, which introduces an outcrop of higher nonconglomeratic grit.
The conglomeratic grits reappear, however, in Pen-y-Moelfrd.
This hill consists of an elliptical mass of grits and conglomerates ;
it seems to be faulted on all sides, except on the west-north-west,
where the grits appear to pass up into shales. I t presents good
sections by the roadside south of Llangynog School, and a few
yards farther south at some roadstone-quarries, where the beds are
vertical.
At the southern end of the hill, about a quarter of a mile farther
to the south-east, a large quarry near L]angynog Vicarage shows
coarse buff sandstone, with frequent pebbles and some shalepartings; the grits have yielded Orthis. :Here it is very evident
that they are cut off on the south by a fault, for they strike
directly towards a good section of fine-grained olive-green shales
and sandstones, much disturbed and contorted, at the Vicaragegates.
East of this section the grits make up the lofty hill of Moelfre
Wood, and are exposed in the road at Moelfre Gate. The hill ends
in a bold north-and-south scarp a little west of Moelfre Farm, and,
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as sandy-shale ddbris appears at the foot of the slope, the grits
evidently extend no farther eastward. The shales themselves,
however, are immediately cut off by a north-and-south fault,
which introduces the green basement-conglomerates of the Old Red
Sandstone of Moelfre Farm.
(c) S h a l e s s o u t h of t h e G r i t s .
Reverting now to the eastern part of the district, we find olivegreen shales cropping out in a lane at the western end of the gritridge of Glog-ddu ; but west of this point they are concealed by
boulder-clay, although they doubtless occupy the low ground north
of Pen-gelli-uchaf. They have been quarried on the east side of
Pen-y-coed brook, halfway between Waun-d.hs and Craig. Thence
they extend over the low ground south of Ffald, and can be seen at
Ffynnon-wen immediately north of the edge of the Old Red
basement-beds. South of this Old Red tract, they are poorly
exposed in Pen-y-coed brook, 300 yards west of Waun-das, and
consist of highly-micaceous soft shales, with thin bands of hard grit.
Grey mieaceous shales are to be seen at the junction of three roads
half-a-mile east-north-east of Llangynog Church.
In the road by Llangynog Church, and thence southward to
Llangynog Farm, there is a development of thin grits in the shales ;
and shales with thin grit-bands are exposed occasionally in the
road between the Church and the Plough-&-Harrow Inn.
West and south of this, the Tetragraptus-Bedsare faulted off from
the Didffmograptus-blf~lus Beds of Gardd-erfin and the andesites of
the Coomb complex.
(2) The

Didymograptus-bifidus

Beds.

These occupy the ground to the north, west, and south-west of
the Tetragraptus-Beds described above, and are everywhere faulted
off from them. In the neighbourhood of Llangynog they exist as
an inverted series, excellently exposed in the middle part of Cwm
Crymlyn, where, although the Tetraffrapt~s-Beds appear to pass
normally under them, there is in reality a fault of considerable
magnitude which throws the higher beds of the Did?/mograt)tusbifidus shales against the Tetragraptus-Beds2 In the dingle, the
typical characters of the shales may be observed, and specimens
of graptolites of the D.-bifidus type collected.
A thick band of grit crosses the dingle, and can be followed
south-westward past Uchel-ole to a large old quarry on the north
of a ravine at :Eithin-duon, where it is cut off by a north-westerly
fault which runs down the dingle. The grit reappears one-third
of a mile farther south, on the western side of the Lambstone
porphyry-hill. The grit is followed on the north-west by shales
which extend down to the Cywyn Valley. These are to be seen in
'Summary of Progress of the Geological Survey for 1904' Mem. Geol.
Surv. 1905, p. 47.
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several small exposures, and have yielded graptolites of the D.-bijfidus
type ; while, south-east of the grit, shales may be seen in the road
bordering the western side of the Lambstone porphyry, against
which they are faulted: these have yielded similar graptolites.
South-west of Lambstone Farm these shales extend towards
Llandeilo-Abercowin ; the grits form the northern slopes of the hill
(crowned by an old camp named ' Castle' on the 6-inch map)
west of Gardd-erfin ; and shales in a cart-road 200 yards west of
that farm have yielded Dichograptid stipes, a small Diplogra2tus or
Climacograptus, and a form of the Didymograptus-bifidus type.
South of this section they are exposed in a brook, in which, at a
point 350 yards north-west of Gelli, they have yielded specimens
of Didymograptus of the b~c~us-type, Diplograptus dentatus (?)
Brongn., and Didymogrct2~tus cf. stabilis, EUes & Wood, together
with I'rinucleus, sp. nov. (?), and Ampyx nucl~ts(?) March.
They are faulted against the igneous rocks of the Coomb complex,
from the Coomb dingle on the north-east, by Gelli, to Pentrenewydd on the south-west. At Gelli they contain grits, and in a
lane 150 yards south-west of the farm they have afforded Didymograptus bifidus, ~Iall, and D. art~ts, Elles & Wood, within a yard
or two of the andesites. At Pentre-newydd, some included grits are
exposed in the yard by the side of the house. These and the grits
at Gelli are probably on the horizon of the chief band, which is to
be found some 250 feet above the base of the subdivision in other
parts of the district.
South-west of Pentre-newydd the shales are well-exposed,
although somewhat weathered and contorted, in a road-cutting west
of the Cross Roads, and have yielded graptolites of the Didymogra2)t~s-bi2~dus type and D. Murchiso~i (?), together with
-/Eglina sp., Ampyx nud~s, Murch., AmTyx sp., Barrandia Cordai,
M'Coy, and Barrandia sp.
Immediately south of this section they are unconformably overlain
by the basement-beds of the Old [ted Sandstone, and faulted on the
south-west against the Bala Limestone and Dicranograptus-Shales
of Llandeilo-Abercowin.
(3) The Old Red Sandstone.
The lowest beds of the 01d Red Sandstone are a group of sagegreen and buff, rocky, calcareous marls and eornstones, with some
interbedded conglomerates and micaceous green sandstones. They
form a well-marked basement-group to the red marls of the Lower
Old Red Sandstone of the district.
(a) T h e M a i n O u t c r o p .
At the eastern end of the area they are poorly exposed in Fernhill Brook at Rhyd-lydan, where they strike towards the Telragraptus-Beds of Glog, and are presumably separated therefrom by a
fault running along the brook. This fault bends westward along
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the south side of Glog-ddu hill, where it apparently cuts out the
green beds and brings the red marls against the Tet,'agral)tusconglomerates, although the former are buried under drift.
At Pen-gelli-uchaf the green beds reappear, and are well-exposed
in the fields between that place, Waun-d~s, and Peu-y-eoed. They
contain numerous beds of hard rocky marl full of pebbles (ranging
up to an inch or so in length) of rhyolite derived probably from the
igneous masses of the district. Instead of dipping south-eastward
towards the succeeding red marls, they dip about north-north-west,
and apparently overlie the red marls. They must, therefore, be
either inverted or faulted-off from the red marls on the south.
They are faulted on the north and west agablst TetrajraptusBeds ; and, for some distance in the direction of Coomb, appear to be
inverted, as they dip north-westward towards the Tetraqraptus-Beds.
North of Coomb the base of these green beds leaves tim fault by
which they are separated from the Tetragraptus-Beds on the north,
and can be traced with complete precision along the eastern side of
the Coomb dingle, crossing the successive outcrops of the andesis
and rhyolites of the Coomb complex ; while, on the western side of
the dingle, the lowest bed, a rhyolite-conglomerate, 10 feet thick,
can be seen dipping at 60 ~ from the rhyolitcs along the southern
side of Castell Cogan.
At Pentre-newydd the green beds pass from the igneous rocks
onto the Didymograptus-bifidus Beds, and the junction may be
examined in the road west of the Cross Roads.
(b) D e t a c h e d

Areas.

Between Waun-dhs and Moelfre a small area of the basal green
beds has been thrown-in to the north of the main outcrop; it is
faulted on all sides, except oil the north. The beds consist of green
and buff marls and highly-micaceous sandstones, with occasional
bands of rhyolite-conglomerate. The green marls and sandstones
are best seen in Pen-y-coed Brook 300 yards north-north-west of
Waun-d'~s, and dip south-south-eastward at 25~; from beneath
them rise lower beds, which contain conglomerates visible in the
fields to the north. The conglomerates are, however, still better
exposed at Ffynnon-wen, and also at Moelfre, where they strike
nearly due east and west with a high dip, and contain large pebbles
of a felsitie rock.
One other, though somewhat doubtflll, patch of these basal beds
remains to be described. On the southern edge of a low gorsecovered ridge, a small roadside-quarry 80 yards west of Capel
Bethesda exposes some 8 feet of a very coarse conglomerate, made
up of well-rounded pebbles and boulders (ranging up to about a foot
in diameter) of white rhyolite, among which a few small pebbles of
vein-quartz and fine white quartzite are present. The upper part
of the section is much weathered, and there is very little matrix ; in
the floor of the quarry the rock is more coherent.
We are uncertain whether to refer this conglomerate to the green
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beds of the Old Red Sandstone or to the Tetvagraptus-Grits : the
coarseness of the material, however, compared with that of the
Tetragrtqotus-conglomerate of Glog-ddu Hill (500 yards to the
south-east) has alone determined us to group it provisionally with
the Old ]ted Sandstone. Some 50 or 60 yards north-west of the
quarry, and on the top of the ridge
towards its western end, one or two
angular masses of white-weathering
rhyolite project through the soil. These
@
do not appear to belong to the conglo5
merate; and if they are not blocks,
~"
ice-borne from the exposure of that rock
at the Chapel, they must be the top
of a rhyolite-mass proiecting through
The rhyolite at
the conglomerate.
9~
the Chapel is striated west 22 ~ south, a
r
direction which points towards the
possible boulders.
IV. TEIE IOl~EOUSRooxs.
r
=

r

The igneous rocks of the Llangynog
district occur in three well-defined areas
which, taken according to their importance, are (1) near Coomb; (2) at~
Capel Bethesda ; and (3) at Lambstone.
(1) T h e R o c k s n e a r C o o m b .

The igneous rocks in the neighbourhood of Coomb occupy an area of about
half a square mile, and are bounded on
the south and eas~ by the 01d Red
Sandstone, which unconformably overi
lies them ; while on the north and west
they are faulted against Tetragraptuses
Beds and Didymograptus-bi.fidus Beds.
This area of igneous rocks is naturally
divided into two unequal portions by a
dingle through which a stream flows
southward from near the 1)Iough-&]-Iarrow Inn, past Llwyn-celyn, and
ultimately falls into the estuary, of the Taf. This dingle will
hereafter be referred to as ' the Coomb Dingle.'
On the eastern side of the dingle, the rocks consist of two series
of andesites and associated tufts, separated by a mass of rhyolites
and rhyolitic breccia. On the western side, to the north, occurs
a series of andesites into which the diabase of Tre-hvrn has been
intruded, and to the south lies the large mass of rhy/)litic rocks of
Castell Cogan. A small patch of intrusive diabaso appears at the
extreme south-west of the area, near Pentre-newydd.
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S i d e of t h e D i n g l e .

(i) T h e L o w e r A n d e s i t i c S e r i e s . - - I n the main road, at a
poir~t about 300 yards north-west of Coomb House, these rocks may
be seen to emerge from below the Old Red S~mdstone and to dip
northward at 52 ~, and, on the side of the dingle, north 20 ~ west
a t 45 ~ and may be followed upward and northw.ard for about
200 yards. They consist ]argely of banded tufts, with occasional
vesicular and fine-grained-andesitic lavas, which are well-exposed
on the steep slope between the main road and the stream to the
west. Good vesicular rocks and more compact lavas may be seen
to the west of the bend which the road takes before it reaches the
Old Red rocks. This volcanic series nowhere exhibits its lower
limit, but the calculated thickness of the rocks seen is at least
350 feet.
(ii) T h e R h y o l i t e s . - - S u c c e e d i n g the above is a series of
rhyolites from 140 to 150 feet thick, consisting of pale-yellow,
grey, or white-weathering rocks, often minutely but markedly
spherulitic even in the hand-specimen.
These rocks follow the
dip and strike of the andesites below and succeed them with
absolute conformity.
The highest bed consists of a beautiful
rhyolitic breccia, made up of fragments which range up to an inch
'or more in length, and are similar in all respects to the rhyolites
below. This breccia forms a well-marked feature, and a series
of crags, r u n n i n g from the main road, down t h e slope, to the
stream ; it is easily located, as it is almost due east of Tre-hyrn
farmhouse.
(iii) T h e U p p e r A n d e s i t i c S e r i e s . - - I m m e d i a t e l y above the
breccia which forms the summit of the rhyolites comes a series of
andesitic tufts and lavas, with an estimated thickness of about
900 feet, and identical in appearance with those of the lower series.
These beds are best seen in the wood running alongside and above
the road, and are exposed from the rhyolites northward to beyond
Llwyn-celyn. The first exposure occurs immediately above the
breccia, a n d is seen to consist of a fine-grained, compact, green tuff.
The road-bank and the wood to the east, between the breccia and
the tributary stream which flows into the dingle at Llwyn-eelyn,
are occupied by banded tufts and lavas, chiefly vesicular.
The
beds dip n o r t h w a r d at from 40 ~ to 50 ~ and the section seen along
the road and in the wood, from the limiting-fault on the north
9 to the rhyolitic breccia on the south, is as fbllows, in descending
order : Thickness in feet.
Banded tufts .................................... 90
Compact tufts and andesite .................. 20
Banded tufts ...: ................................ 65
Tufts and obscure ground .................. 195
Banded tufts .: .................................. 105
[Tributary stream at Llwyn-celyn.]
Banded tufts .................................... 70
Vesicular andesite ...........................
7
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900 feet of andesitic rocks, which, generally speaking, occupies a
less elevated tract of country. The best exposures of these rocks
are situated on the western side of the Coomb Dingle, east and northeast of Tre-hyrn :Farm, where the beds, which consist chiefly of
olive-green banded tufts, are well seen along and near the footpath
leading from Tre-hyrn to Llwyn-celyn. These tufts undulate considerably in strike, but have a general dip of 35 ~ to 45 ~ in a northwesterly direction.
Surmounting the slope occupied by these tufts, and forming conspicuous crags west of Llwyn-celyn, is a pale massive rock, probably
of extrusive character, which microscopical examination has shown
to have the composition of a hornblende-andesite. Its lower limit
is exposed along the side of the dingle for some distance, but its
summit is nowhere seen; however, there is sufficient evidence ta
prove that it is followed by another series of tufts similar to that
which preceded it. ~ There are very few exposures of the andesitic
rocks on the west towards Gelli, and such as there are evidently
consist of the usual types of banded and pumiceous tufts.
(iii) The D i a b a s e of Tre-hyrn.----This rock is intruded into the
andesitic tufts below the hornblende-andesite, and in character
varies from a dark-green, finely-crystalline rock to a more compact
variety, which is hard to distinguish in the hand-specimen from
some of the andesitie tufts. The rock is well-exposed southeast of Tre-hyrn farmhouse, and occupies the footpath for about
50 yards in the direction of Llwyn-celyn; it may then be traced
along the bank for another hundred yards to the north-east. At
this point the intrusion breaks across the andesitic tufts, and continues its course as a much thinner sheet at a higher horizon, tailing
off to a band a few feet thick, and occupying a position on the side
of the dingle midway between the hornblende-andesite and Llwyncelyn. Its maximum thickness is exposed at Tre-hyrn.
(iv) T h e D i a b a s e of P e n t r e - n e w y d d . - - T h i s rock is ext)osed~
only in the road east of Pentre-newydd, appearing on the immediate north of the Old Red Sandstone and merely a few feet away
from its base.
t)assing northward up the hill to a gate at a bend in the road, in a
distance of 30 yards, the section is seen to be as follows :--The most
southerly exposure consists of a palS-blue rock with conspicuous
pyrites-crystals; the rook is very much decomposed, but has a
parallel structure which strikes about south 25 ~ east. A little higher
in t h e road the mass becomes much fresher in character, and lathshaped felspars, small patches of chlorite, and crystals of pyrites
may be detected in the hand-specimen. This is succeeded by a
dark-greenish-grey rock with lath-shaped felspars, and that by a more
compact marly-looking rock, which northward gives place to the blue
variety first mentioned. Just at the bend of the road~ the section
is occupied by sedimentary rocks, consisting of grits with fairlylarge grains of opalescent quartz, and a few thin beds of badlyweathered greenish shales. The section continues from the bend
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in the road northward, both in the road and in the hedgebanks fol; a
distance of 17 yards. The hedgebank shows a section, in what
looks like a more basic variety of the diabase, and this type
continues up to the junction of the intrusive rock with the rhyolites,
which may be located to within a few inches. At the junction the
diabase is exceedingly rotten, and has been sheared against the
harder rhyolites. The rhyolite at the junction has a flinty margin
without spherulites, but is immediately succeeded by a beautifullyspheralitie rock. The mass of sediments in the section is either a
patch caught up in the intrusive rock, or a bed lying between two
tongues of diabase. These sediments, however, present no recognizable signs of metamorphism.
Although no other exposures of solid rock are seen, from the loose
pieces of diabase scattered through the soil of the tract between
the road and rentre-newydd Farm, it would appear that this area
also is occupied by the intrusive rock.
Fig. 3.--Geoloyical map of the cou,tvy around Uajoel Bethesda,
o~, the scale of 6 inches to the qnile.

(2) Thc Rocks at Capel Bethesda.
The igneous rocks in the neighbourhood of CapeI Bethesda occupy
a narrow strip of country, following the road from Glog to the
four cross-ways north of Pen-ge]li-uchafl The rocks consist of
rhyolites and a rotten diabase.
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(a) The R h y o l i t e s . - - T h e rhyolitic rocks are best exposed in
%he road immediately to the east of Capel Bethesda, where they
dip a little north of west at 70 ~ They are tough blue-grey rocks
which weather white, and contain small but conspicuous cubes of
pyrites: occasionally they are markedly spherulitie. They are
bounded on the north by a fault, which separates them from the
Tetragraptus-grits ; and on the south, although the ground is much
obscured by drift, there is every reason to think that they are
again faulted off from the main mass of Areni~ sediments.. The
estimated thickness of rock seen is certainly more than 400 feet.
and if, as seems probable, these rhyolites extend westward under
the conglomerate in the roadside-quarry mentioned on p. 231, then
the thickness would have to be greatly increased.
(b) T h e D i a b a s e . - - At the cross-roads north of Pen-gelliuchaf, in an angle between two of the roads, is an old disused quarry
opened up in a very rotten, basic, igneous rock. The mass is full of
joints and cracks, and veined with calcite. On the surface of the
road to the east of tlae quarry the rock is well-exposed, but is quite
as rotten as before ; it has a bluish colour, and contains fairly-large
patches of calcite, which give it almost an amygdaloidal appearance.
The road-section is about 60 yards in length, and is seen to
include a thin mass of sedimentary material in the form of greenish
indurated (? ashy) shales. These sediments may also be seen in the
northern hedgebank of the road to Glog, at 20 yards from the
cross-ways. Immediately north of these last-mentioned shales is a
steep furze-covered bank, in which by far the freshest diabase is
exposed. The intrusion is bounded on its northern side by grits
and shales of Tetragre~tus-age, but the junction between the two
series of rocks is nowhere exposed.
(3) The L a m b s t o n e P o r p h y r y .
The mass of igneous rock at Lambstone occupies a position due
west of the village of Llangynog [LlangunnockJ, and forms an
elliptical hill to the north of Lambstone Farm, nearly half a mile
long and one-sixth of a mile wide. The boundary between the
igneous rock and the surrounding sediments is marked by a strong
feature, which is easily traceable all round the hill. The mass is
faulted on its western and southern sides, but on the north and east
the junction seems to be a normal one. On the west it is faulted
against black shales containing graptolites of the Didymograptusbifidus type ; while, on the south, these give place to yellow, splintery,
and possibly-indurated shales belonging to the lower part of the
Tetrag~'aptus-series. In the neighbourhood of Lambstone Farm, the
junction (which is still a fault) may be closely located, the shales
striking almost at right-angles to the igneous mass.
On the eastern and northern sides of the hill the junction seems
to be an unfaulted one, for the shales strike parallel to the boundary
Q . J . G . S . No. 246.
s
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of the igneous rock and appear to pass,
below it. The way in which the shales
curve round the northern end, and dip
towards the igneous mass, would suggest
that the porphyry is a sill-like mass
resting within a syncline in the Tetra-

graptus-shales.
]n hand-specimens, the rock is of a
pale-blue colour, and weathers grey and
white. There are many exposures of the
weathered rock, in the form of crags~
all over the hill and on the slopes;
but by far the freshest rocl~ is to be
seen in a small road-metal quarry imz
mediately n o r t h - w e s t of Lambstone
Farm.

The mass has an estimated thickness
of several hundred feet.
From the
microscopic characters of this rock, the
absence of flow-structure, its massive
jointed appearance, and the seeming
induration of some of the surrounding
sediments, we conclude that it is o f
intrusive nature.
(4) Detailed P e t r o g r a p h y .
1. T h e C o o m b R o c k s .
(a) T h e L o w e r a n d U p p e r A n t i c s i t e s of t h e : E a s t e r n S i d e o f
the Dingle.

~

I

-5
d~
o,-q

As there are no petrographical differences to distinguish the rocks which
occur above and below the rhyolites on
the eastern side of the Coomb Dingle,
they may be conveniently considered
together.
i) T h e F l o ws.--Specimens were
collected and slices cut from well-marked
flows--one [E 4137-38-39l~ 90 yards
south of the lower limit of the rhyolites,
and another [E 4130] 25 yards south
of the eastern tributary stream which
flows into the dingle at Llwyn-celyn.
In hand-specimens they are seen to
consist of coarsely-vesicular rocks of a
bluish-green colour, weathering brown.
1 The numerals in square brackets throughout this paper refer to the registered numbers of
the slides in the GeologicalSurvey-Collection.
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The vesic]es are filled with a soft mineral, which appears darker
than the surrounding rock. These highly-vesicular flows have a
mean specific gravity of 2"70.
Under the microscope the rocks are seen to be vesicular hyalopilitic
andesites, with soda-lime felspar abundantly developed and occurring in two generations. The felspar of the first generation builds
lath-shaped crystals, unzoned, but usually twinned according to
the Carlsbad and albite-laws. Pericline-twinning is not common,
but interpenetration-twins and ste]late groups are of frequent
occurrence. The felspars are, as a rule, fairly fresh; but occasionally
they show a development of secondary quartz, pale-green chlorite,
and dusty material of a micaceous character. The series of low
symmetrical extinctions on the twin lamell~e, and on sections at
right-angles to the acute biseetrix, would indicate that the majority
of these felspars lie in composition between oligoclase and andesine.
The second generation of felspars consists essentially of microlitbs
with low or almost straight extinction, indicative of oligoclase,
arranged in bunches and fan-like aggregates which make up the
bulk of the groundmass of the rock, and cause it to present almost
a variolitic appearance.
iNo original ferromagnesian mineral in the unaltered state now
exists in these rocks, but undoubted pseudomorphs after augite
occur plcntifully, showing the external form in many cases (see
P1. XXV, fig. 1). The interior of these pseudomorphs is composed
of a mosaic of secondary quartz and chlorite. Felspar-laths may
be seen to penetrate the augite, and we therefore infer that the
ferromagnesian mineral was of a later consolidation than the first
generation of felspars.
The vesicles, which range up to "2 inch in diameter, are either
spherical or irregular in shape, and are filled with fibrous chloriteminerals in radiating masses, either alone or with a little calcite
or secondary quartz. Many of the larger vesicles are lined with a
thin laver of secondary quartz, "02 to "04 mm. thick. The groundmass, although largely composed of felspar-microliths, contained a
small quantity of interstitial glass, now more or less c~)mpletely
devitrified and clouded with iron-ores.
The chlorites filling the
vesicles are of two varieties : the commonest is pale-green, feebly
pleochroic, building fibrous and (less frequently) scaly ~ggregates.
The zone of elongation of the fibres has a positive sign, and the
mineral has a low double refraction (7 -- a ~ "005).
The other mineral, which is sometimes intergrown with the
former, has a deeper colour and stronger pleochroism, but occurs in
fibrous aggregates. The maximum absorption is for light vibrating
parallel to the length of the fibres, of which the zone of elongation is
positive. For light vibrating parallel to the long axis of the fibres,
the absorption gives a yellowish-brown, and for a direction at
right-angles thereto yellowish-green. In a slide a little more than
903 mm. thick, the mineral gives the yellow and red polarizationtints of the first order, which would indicate a birefringence of
from "014 to -015. From the foregoing considerations, we are led
to regard the mineral as one of those to which the name d e l e s s i t e
s2
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has been applied, more or less common in the amygdules of ancient
rocks which carry ferromagnesian minerals.
Another variety of andesitic rock [E 4439] was observed to form
a thin band, only 8 feet thick. It is of a dark-green colour and
fine-grained texture, and occurs in the upper andesitie series
80 yards north of Llwyn-celyn. This rock has a specific gravity
of 2"65. Under the microscope, it, is seen to consist almost
entirely of a mass of minute lath-shaped tblspars and microliths,
with little or no interstitial material, while porphyritic crystals of
any kind are practically absent.
Augite probably existed as granules, and its presence may be
inferred from thc small ehloritie grains which occur between the
felspars.
The felspars are twinned usually but once, although
occasionally they show albite-lamellation.
The symmetrical extinctions range from 0 ~ to 5 ~ on either side of the twin-plane,
indicating o]igloclase as the species to which the felspars belong,
and showing that these microliths correspond more or less exactly
with those occurring in the more coarsely-crystalline andesites
described above. This rock may be said to have a typical pilotaxitic
structure (P1. XXV, fig. 2). I t is but feebly vesicular, ibr a very
few small vesicles occur, which are filled in the usual manner with
pale-green chlorite in fibrous aggregates. The felspar-microliths show
an arrangement that roughly approximates to parallelism, indicating
in a measure the direction of flow, but many of the crystals are
curved or broken; and from this, taken in conjunction with the
comparative irregularity of their arrangement, it would appear that
the rock must have been in a fairly-viscous condition immediately
prior to its consolidation. Only a very few crystals of a porphyritic
character occur, and the biggest, an oligoclase-andesine felspar,
measured "7 by "5 ram. The felspars were partly decomposed, with
the formation of epidote.
A specimen taken from the surface of a flow in the lower
andesites, at a point a little below the rhyolites, proved to be a
fluxion-breccia.
The rock is made up entirely of andesitic
material, mostly pumiceous, with a flow-structure developed between
the fragments. These fragments are identical, in every respect,
with those occurring in the pumiceous tufts described on p. 241.
(ii) T h e F r a g m e n t a l
R o c k s . - - T h e fragmental rocks of andesitic character are largely in excess of the flows, and usually are
fine-grained, well-banded rocks of a buff to yellowish-green colour.
Many samples were collected from the lower and upper andcsites ;
under the microscope they were seen to consist of alternating
coarser and finer bands of sedimentary material, and to be composed
of angular grains and fragments of quartz and felspars. The larger
fragments are set in a finer matrix of felspar-microliths and broken
felspar-crystals.
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There is litt]e doubt that, in these rocks, there is a considerable
proportion of clastic material, and it is uncertain whether they should
be classed as true ashes rather than as ashy sediments.
The p u m i c e o u s t u f f s are not of any great thickness, when
compared with the banded rocks described above, but they occur,
and present exactly similar characters, in both the lower and the
upper andesitic series.
They consist of lapilli of pumiceous and
hyalopilitic andesite, of which the vesicles are filled with a palegreen chlorite (P1. XXVI, fig. 1). The fragments are set in a
fine-grained matrix, made up almost entirely of broken felspar-laths
and microliths, with a certain amount of chlorite and a few elastic
quartz-grains. The felspars in the lapilli are usually all oligoclasemicroliths; but occasionally some of the larger fragments may
contain small lath-shaped crystals of a slightly more basic variety.
(b) T h e R h y o l i t e s on t h e E a s t e r n S i d e
of t h e D i n g l e .
The rhyolites on the eastern side of the dingle are pale, highlysilicified rocks. They preset~t both perlitie and spherulitic structures.
A specimen collected from a small quarry above the
main road [E 41431 proved to be a beautifully-spherulitic rhyolite
(P1. XXIV, fig. 1). The few phenocrysts that occur are felspars of
the albite-anorthite series; they are twinned according to the
Carlsbad and albite-laws, and give low symmetrical extinctions
indicative of a fairly-acid oligoclase. Subordinate orthoclase also
occurs. These phenocrysts range up to 1"3 mm. in length, and are
set in a groundmass which was once glassy but is now completely
devitrified. The_ matrix consists of cryptocrystalline quartz and
felspar, but in parts of the slide traces of the original flow-lines and
a perlitic structure may still be made out.
The spherules, which are abundant, and are often observed to
coalesce, average 0"4 mm. in diameter; they are well-bounded, and
in ordinary light appear more transparent than the rest of the rock.
They are composed of radiating and branching felspar-fibres, of
which the zone of elongation has a negative sign, and giving
practically-straight extinction. Between crossed nicols the spherulites show a well-defined cross at the centre, which becomes blurred
and indistinct outwards towards the margin, owing to the branching
and change of direction of the felspar-fibres.
It appears that these spherulitcs are a direct result of the
devitrification of the rock, as they occur as the nuclei of the perlitic
structure. A very few minute patches of fibrous brightly-polarizing
chlorite (p. 239) occur in the groundmass, and may perhaps
represent vesicles; while others, of a chlorite with lower birefringence, may possibly represent some ferromagnesian mineral.
(c) T h e R h y o l i t i c B r e c c i a .
This rock seems to be a true f l u x i o n - b r e c c i a , and consists of
fragments of perlitic and spherulitic rhyolites net in a matrix of
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similar m:~terial, which occasionally shows a well-defined flowstructure.
A sectien cut from one of the larger fragments showed it to be a
devitrified patchy rhyolite [E 4144], with a pseudospherulitie
structure. The phenocrysts consist of oligoclase and oligoclaseandesine felspars, both considerably decomposed, set in a felsitie
groundmass which has suffered more or less complete recrystallization both of the felspar and the silica. The secondary felspar is
usually clear and granular, but the slide also shows one fairlylarge spherule.
Another section [E 4146] shows a devitrifled perlitic rhyolite,
with included fragments of a hyalopilitic andesite caught up in it
and seemingly in part absorbed. The rhyolite has a well-marked
flow-structure in places, and locally becomes perlitic, or less
frequently spherulitic. The fragments of andesite consist of masses
of felspar-mierotiths with some interstitial material, while the
rhyolite often exhibits good flow-structure around these xenoliths.
Two sections [E 4438 & 4443] cut from the rhyolitic breccia at
the point where it crosses the road, show patches of rhyolite with
perlitic structmre. This structure occurs chiefly in those patches
which have either escaped devitrification, or in which the reconstruction has proceeded to no great extent. The still glassy part of
these rhyolite-fragments is usually stained a pale-yellow colour, and
may be distinguished by this character in the hand-specimen. A
good example of a perlitic fragment from this breccia [E 4443,
specific gravity 2"69j is figured in P1. XXIV, fig. 2.
(d) The R h y o l i t e s of C a s t e l l Cogan.
These rhyolites are similar in many respects to those on the
eastern side of the dingle, both in the hand-specimen and under the
microscope. They have a mean specific gravity of 2-54.
Slices cut from several localities [E 4140, 4141, 41591 showed
almost entirely-devitrified rocks, in which little or no trace of
original structures could be identified. The phenocrysts, which are
by no means common, consist of fairly-large felspars, measuring as
much as 3 ram. in length, all but completely converted into sericitie
decomposition-products. They show traces of Carlsbad twinning,
and the crystals apparently have the sanidine-habit.
Well-formed quartz-crystals ('3 ram. in length) occur: these are
in all probability of secondary origin, although they are surrounded
by a zone of cryptocrystalline material, which seems to pass
gradually into their peripheries.
The groundmass is completely devitrified in all cases, and usually
has a cryptocrystalline character ; occasionally, however, it becomes
somewhat coarse, and presents a patchy appearance, due to the
secondary crystallization of both the felspar and the quartz. Generally
speaking, no other structures are present; but occasionally it is
possible to make out the original flow-lines, and in places the rocks
become spherulitic.
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The bes~ example of a spherulitie rock collected from this series
vf rhyolites was taken from the road-section close to, and a little
north of, the junction of the rhyolites with the Pentre-newydd
diabase.
(e) T h e A n d e s i t e s on t h e W e s t e r n
of t h e D i n g l e .

Side

The andesites on the western side of Coomb Dingle may be
divided into two groups, one consisting of augite-andesites, and
the other of hornblende-andesites.
The group of a u g i t e - a n d e s i t e s , both as regards the flows and
r
fragmental rocks, is petrographically identical with the upper
and lower andesitic series on t~he eastern side of the dingle, already
described (pp. 238 et seqq.).
2~ rock exposed in the road, 320 yards west-south-west of Trehyrn [E 4151~, is seen to be a coarse tuff, made up largely of fragments of vesicular hyMopilitic andesites and pumice : a rock identical
in character with those from the eastern side of the dingle. But an
interesting and importan~ feature of this tuff is, that it contains, in
addition to the usual material, fragments of a devitrified rhyolite.
These rhyolitic fragments mostly present a patchy appearance, such
as is quite common in the rocks of Castell Cogan ; while some consist
solely of cryptocrystalline felspar and quartz, without any definite
arrangement.
The h o r n b l e n de-an d e s i t e is a pale-grey rock which weathers
almost white, and is thus hard to distinguish in the hand-specimen
from some of the rhyolites. I t has a mean specific gravity of 2"66.
Sections cut from the least-weathered portions of the flows [E 4153,
4156~, which form the crags above the stream, show that the rocks
are considerably decomposed. Under the microscope, they are seen
to consist of phcnocrysts of felspar set in a fine-grained felspathic
matrix.
The phenocrysts include well-formed plagioclase-felspars, belonging
to the oligoelase and oligoclase-andesine varieties, which are usually
twinned according to the Carlsbad and albite-laws.
In contradistinction to the augite-andesites described on p. 239, interpenetration-twins and stellate groups are uncommon.
The presence of hornblende is inferred from strongly doublyrefracting pseudomorphs, in au indeterminable micaceous mineral.
These pseudomorphs ('S a m . in length) have the external form of
hornblende, and show a corrosion-border of pale-green chlorite and
dusky iron-ores. The groundmass consists of a fclted mass of
felspar-microliths, which give almost straight extinction, and are
evidently of more acid composition than the phenocrysts. The
matrix is, however, considerably decomposed, and has given rise to
sericitic alteration-products and secondary quartz.
The rock, as a whole, does not seem to have been vesicular; but
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an indistinct flow-s~ructure may be traced in the groundmass~
especially around some of the larger phenocrysts.
(f) The D i a b a s e of T r e , h y r n .
Specimens [E 4131~ of this rock collected from well inside the
mass, show a moderately-fresh diabase, of a dark-green colour, in
which the constituent minerals are visible to the unaided eye.
Under the microscope, it is seen to be coarsely ophitic, and shows
large crystals of an almost colourless augite enclosing, and penetrated
by, felspar-laths with low symmetrical extinction-angles. The
felspars are seemingly of a eomposit~ion intermediate between
oligoc]ase and andesine, and similar to those of the first generation
in the augite-andesites.
The augite is in general partly decomposed, especially along
the cleavages, giving rise to chlorite, serpentinous material, and
calcite, which minerals also form irregular patches in other parts of
the rock. The felspars are clouded, and partly decomposed with
the fotznation of epidote, or calcite and secondary quartz. (See
P1. XXVI, fig. 2.) Beautiful skeleton-crystals of ilmenite occur
irregularly distributed through the rock, and, owing to their partial
decomposition into leucoxene, they appear of a dirty-white colour
when viewed by reflected light.
Other specimens [E 41291 nearer the margin of the intrusion
show an almost complete absence of ophitic structure. In these the
augite seems to be of two generations: the first building fairly-large
idiomorphic crystals, and the second occurring as granules in the
groundmass. The felspars are the same as in the other part of the
rock, and are clouded by decomposition-products, while the larger
crystals are considerably epidotized.
The diabase of Tre-hyrn has a distinct tendency, when traced
towards its margin, to pass from the ophitic to the granular type, as
is so often the case with intrusions of this character; while, in
hand-specimens, the rock becomes quite fine-grained, and is then hard
to distinguish from the fine-grained pyroclastic rocks belonging ta
the andesitic series into which it is intruded.
(g) The D i a b a s e of P e n t r e - n e w y d d .
This rock undoubtedly consolidated as an "ophitie diabase, but
now the original ferromagnesian mineral has disappeared, and its
place has been taken by much calcite, dusty iron-ores, serpentine,
and chlorite. The felspars appear to be oligoclase-andesine, and, so
far as their decomposed state will allow us to judge, compare in
composition with those in the Tre-hyrn rock.
The pseudomorphs after the ferromagnesian mineral, which
consist largely of calcite, with a development of leucoxene along the
traces of the cleavages, are clearly ophitie in character; but the
cleavages are those of an amphibole, and not of a monoclinic
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pyroxene. Therefore, we are led to infer that at some period in its
history this rock was more or less completely uralitized.
In its intrusion it has included a thin lenticular mass of grits and
shales; the grit consists of closely-packed subangular grains of
quartz, felspar, and fine sediments, with a small quantity of
interstitial chlorite and iron-ores.
2. T h e R o c k s a t C a p e l B e t h e s d a .
(a) T h e r h y o l i t e s of Capel Bethesda are almost identical in
character with those of Coomb, especially those on the eastern side
of Coomb Dingle (p. 241), and have a mean specific gravity of 2"64.
The spherulitic type is the more common, although the section in
the road opposite the Chapel has yielded a rock poor in phenocrysts,
the groundmass of which presents that patchy appearance that
was noticed in some of the rocks from the Castell-Cogau area
(p. 242).
The small patch of conglomerate which rests upon these rocks
is largely made up of partly-rounded masses of the underlying
material. ~[any of these pebbles were collected, and several sections
Cut from them. They showed, in most cases, marked spherulitic
structures : the sphcrulites in ordinary light standing out in contrast
with the groundmass, on account of their being slightly stained by
oxides of iron. Under crossed nicols they present exactly similar
characters to the spherulites from Coomb.
(fi) T h e D i a b a s e n o r t h of P e n - g e l l i - u c h a f . - - T h i s rock
is so rotten, even at its best exposure, that little can be said with
regard to its original composition, except that it was at one time a
diabase, and probably preserved an ophitic structure.
Now it consists entirely of almost completely-decomposed felsparlaths, together with chloritic and serpentinous minerals resulting
from the decomposition of the original ferromagnesian mineral,
while much calcite is developed in patches and veins. A sufficient
number of felspars have portions left such as to make determination
possible, and these are seen to be identical in composition with those
in the diabase of Tre-hvrn.
The chlorites include the two varieties mentioned in connection
with the andesites of Coomb (p. 239).
3. T h e L a m b s t o n e

Porphyry.

The rock at Lambstone, Llangynog, is of a light greyish-blue
colour, very tough, and has a specific gravity of 2"68. There is no
sign of bedding, but two sets of rough joints may be noticed
traversing the mass approximately at right-angles to each other.
Under the microscope, the rock is seen to be considerably decomposed, but it is still fresh enough to reveal its true character.
The constituent minerals are fairly-large idiomorphic plagioclasefelspar and smaller orthoclase, with minute but well-shaped crystals of hornblende, set in a fine felsitie groundmass without any
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well-defined structure.
Some augite was probably also present.
The felspar - pheno crysts consist of acid
oligoclase, twinned according to the albite
and Carlsbad laws,
and
giving
the
characteristic
low
maximum extinctionangles measured onto
the
twin lamellm.
The orthoclase is most
usually
untwinned.
Both felspars are more
or less decomposed,
giving rise to secondary quartz and sericitic material.
The hornblende no
longer exists as such,
but is represented by
pseudomorphs in palegreen chlorite with a
low double-refraction.
These pseudomorphs
are beautifully shaped,
having the angles and
cleavages of the original mineral wellpreserved. The cleavages are often marked
by little strings of ironores, as also in many
cases is the border of
the crystal.
V.

STRUCTURE,
ING,

oF ~

t
~

AND

~OLD-

FAULTING

DISTRICt.

The structure of the
district is one of great
complexity, and there
are m a n y of the problems that it has presented that we do not
pretend to have solved;
some
few
salient
points, however, may
be regarded as certain.
The general structure of the district is
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referable to two complicated anticlines ranging about east-northeast and west-south-west. Both anticlines are overfolded from the
north, their southern limbs being inverted. They are separated
one from the other by a thrust of steep dip, hading northwards
and cutting out the intervening syncline.
These anticlines appear to owe their origin to a system of preOld-Red folding, but i t is evident that they have beet~ further
complicated by a series of folds and faults which have affected the
Old Red Sandstone.
The axis of the northern anticline 1 lies beyond the northern
limit of the map (P1. X X I I I ) , and ranges along the low ground at
Llanllweh, traversed by the Great Western Railway west of Caermarthen, 'the oldest beds exposed being Tetragraptus-sha]es. Its
southern limb is represented by the iuverted belt of Didymogra~tusbifidus Beds ranging east and west of Cwm Crymlyn.
The axis of the southern anticline has the same general direction,
and ranges through the grit-masses of Llangynog, but has suffered
much fracture and displacement by later disturbances, largely
determined by the differential movement between the grits and the
shales. Its northern limb dips normally towards the north, but its
southern limb is generally vertical or inverted.
The core of this southern anticline consists of the pebbly grits of
Llangynog, which we correlate with similar grits that form the
core of an anticline of lille structure at Bolahaul and Cystanog,
south-east of Caermarthen.
A glance at the map (P1. X X I I I ) shows that most of the f a u l t s
have a general west-south-westerly trend. They frequently throw
off branches, which enclose lenticular strips of ground and unite
again with the original line of fault. Although the faults shown
are numerous, it is more than likely that others remain undetected.
Whether the faults are normal faults or overthrusts is frequently
unknown, but in many cases there is ground for supposing them to
be thrusts.
That much of the folding and faulting was accomplished before
the Lower Old Red Sandstone was deposited, is proved by the
striking unconformity at the base of that formation. Thus : a mile
north-east of Rhyd-lydan it rests on Tremadoe Beds ; at Ffynnon-wen
and ]~[oelfre it overlies the Tetragra_pt~s-shales; at Coomb and
Castell Cogan it can be seen crossing the various igneous rocks of
the Coomb complex, and its basement-beds are made up largely of
detritus from the igneous rocks around which it wraps. South of
Pentre-newydd it can be seen resting on the Didymograptus-bifidtts
shales, while a little farther to the south-west it spreads over the
Bala Beds of Llandeilo-Abercowin.
Neither the fault which separates the rhyolites of Castell Cogan
from the Didymograptus-bifidus Beds, nor that which a little farther
1 'Summary of Progress of the Geological Survey for 1904t ~-~iem. Geol.
Surv. 1905, p. 47.
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west separates the latter from the Bala Beds (Dicranogra2tus-Shales
and Ba]a Limestone), affects the base of the Old Red Sandstone;
these faults are probably both normal faults. Other faults, however, clearly involve the Old Red Sandstone, as, for instance, those
which bound the basal green beds e a s t of ]~Ioelfre, and that which
separates the same beds at Coomb from the Tetr~lrc~t)tus-Bedsof
Llangynog Church.
V I . SEQUENCE AND AG:E OF THE IGNEOUSROCKS.

On the eastern side of Coomb Dingle the sequence is quite clear,
and may be made out with ease. The oldest rocks exposed are those
forming the southern mass of augite-andesites and their 'associated
fragmental rocks; next in succession follows a series of perlitic and
spherulitie rhyolites, of which the uppermost member is a rhyolitic
fluxion-breccia of some importance. This breccia in turn was
followed by another set of augite-andesites, exactly similar to those
below the rhyolites.
I t is a misfortune that the relations of the rocks on the two sides
of Coomb Dingle are so obscure, for not only is there a discrepancy
between the two sides, but the andcsites on the west are themselves
probably faulted off from the rhyolites of Castell Cogan. However,
these andesites contain fragments of devitrified rhyolite, and it is
highly probable that they were extruded later than the rhyolites.
Although there are some slight differences to be observed between
the rhyoliles on the east and those on the west of Coomb Dingle,
we think that there is sufficient similarity in composition and mode
of occurrence to warrant us in considering them as marking one
geological horizon.
With the exception of the occurrence of a small thickness of
hornblende-andesite (probably of extrusive origin) in the lower
part of the western andesitic series, these rocks are identical in
lithological characters and composition with those of the upper
andesitic series on the eastern side of the dingle. As no hornblendeandesite has been met with on the eastern side, we suspect that the
augite-andesite to the north of Castell Cogan may be the highest
member of the series.
We therefore suggest that the sequence was, first, augiteandesites followed by rhyolites, and then another series of augiteandesites, which included a small outpouring of a hornblendic rock.
The whole series was, at a later date, intruded into by diabase.
There is not much evidence to prove that the igneous rocks of
Coomb and those of Capel Bethesda are on the same horizon,
excepting perhaps their close proximity and the evident lithologicaI
similarity which exists between the rocks of the two areas. The
rhyolites of Coomb and those of Bethesda are identical in character,
and both are presumably followed by intrusions of diabase : although
the latter rock in the Bethesda area is so rotten, that it has been
Found almost impossible to compare it with that of Tre-hyrn or
Pentre-newydd.
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One of the most difficult problems that confronts us is that which
concerns the age of the extrusive and intrusive rocks of the district
as a whole. There is, however, as we have seen, little doubt that
the whole series of extrusive rocks as developed at Coomb and
Bethesda may be referred to one geological horizon. The mapping of
surrounding districts in South Wales has shown us that, in the
Ordovician System, we might expect to meet with volcanic rocks
on any of three horizons: (a) near the top of the zone of Didymoyral~tus Murchiso~i ; (b) near the base of the zone of D. bijTdus ; or
.(c) low down in the Arenig Series ; for, at all these horizons, welldeveloped ash-beds have been noticed.
At Llangynog the first two cases may be dismissed as impossible,
for the quantity of ashy material is much greater on the north side
of the main anticline, while Llangynog is on the south side, where
the Didyrnograptus-Murchisoni ash is not developed, and the
D.-bifidus ash is represented by sandstones and grits.
We are, therefore, led to the conclusion that the i g n e o u s
r o c k s m a v b e l o n g to t h e l o w e r p a r t of t h e A r e n i g G r o u p ,
or, failing that, to some much older group of rocks of which no
sediments exist within the district.
East of Llangynog, in the neighbourhood of Caermarthen, there
seems to be perfect conformity between the Tremadoc rocks with
:Peltura ~unctata (Crosfield & Skeat) and the Arenig Series, of which
the lowest part consists largely of conglomeratic grits and sandstones.
These conglomeratic grits are those which are again brought up by
an anticlinal fold in the neighbourhood of Llangynog.
I t is
improbable, although not impossible, that the Tremadoc rocks should
have been overlapped, and so great an unconformity developed at the
base of the Arenig Group within a few miles : which would be the
case, if the igneous rocks were of pre-Arenig age. I t is a significant
fact that the igneous masses, on one side or the other, are always
bounded by a member of the oldest h r e n i g sediments, and it seems
t h a t the bulk of the evidence points to the age of the extrusive
rocks being that of a low horizon in the Lower Arenig Group.
With regard to the intrusive masses, i~ is obvious, at Coomb, that
they are newer than the other igneous rocks; while at Lambstone,
Bethesda, and Pentre-newydd, it may be proved that they were
intruded after a certain portion of the Lower Arenig beds had been
deposited.
VII. Sv~ARY.
To sum u p : we find that the older sedimentary rocks of the
neighbourhood of Llangynog are referable to the Didymograptusbifidus Beds and Tetrag,'aptus-Beds of the Arenig Series. ~ They
take the form of two main anticlines due to pre-Old :Red Sandstone
folding, and are unconformably overlain by Lower Old Red Sandstone.
The whole sedimentary series has been subsequently affected by
folding and faulting, which took much the same direction.
T h e igneous rocks occur in three areas, which all belong to
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the same petrographical province. The order of extrusion was:
(1) augite-andesites ; (2) rhyolites; (3) augite-andesites, with some
hornblende-andesite; and (4) intrusions of diabase and porphyry.
We adopt the view that the extrusive rocks are associated with
the lower members of the Tetragra}~tus-Beds, and are consequently
of Lower Arenig age ; while the intrusive rocks have been injected
into the extrusive rocks, and have also affected the TetragraptusBeds.
EXPLANATION OF PLATES X X I I I - X X V I .
PI, ATS XXIII.
Geological map of the igneous and associated rocks of the Llangynog
district, on the scale of 3 inches to the mile.
PLATE XXIV.
Fig. 1. Devltrified spherulitic rhyolite [E 4143] ; crossed nicols. Some of the
spherulites show a rude black cross. • 17. See p. 241.
2. Partly-devitrified perlite [E 4443] ; ordinary light. • 17. See p. 242.
PLATE XXV.
:Fig. 1. Vesicular augitie andesite [E 4138]; ordinary light. X 17.
The
figure shows lath.shaped felspars, set in a grouudmass that exhibits a
structure approaching the variolitic. At the top of the field is a small
vesicle filled wilh (.hlorite, and at the bottom a pseudomorph after
augite ill chlorite and secondary quartz. The chlorite shows slightly
darker than the quartz. See p. 239.
2. Pilotaxitic andesite [E 4439]; ordinary light. The figure shows a
mass of felspac-mieroliths, and a solitary felspar of an earlier
generation at the top of the field. • 30. See p. 240.
PLATS XXVI.
l~ig. 1. Andesitic tuff [E 4163]; ordinary light. The figure shows several
angular fragments of hyalopilitic andesite, with minute microliths
arranged with flow-structure. At the bottom of the field is a larger
fragment of andesitie pumice, the vesicles of which are filled with
chlorite. The larger fragments are set in a fine groundmass of
broken felspar-crystals and microliths. • ]7. See p. 241.
2. Ophitic diabase [E 4131]; crossed nicols. Shows ophitic augite and
partly-decomposed felspars. • 17. See p. 244.

DiscussloN.

The PRESlDXl~T said that he was glad to find that the Authors
had obtained definite evidence of two distinct sets of movements-the one before, the other after, the deposition of the 01d lied Sandstone. He himself, when working with the late Mr. Thomas l~oberts
in the'Haverfordwest district, had been unable to obtain evidence
bearing on this question, owing to the protbund faulting which had
there occurred.
Prof. Gl~oo~t said that geologists would heartily welcome another
incursion into the obscure geology of the Welsh borderland.
Knowing the ground himself, he was convinced of the accuracy
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of the Authors' work. In regard, however, to the sandstone with a
conglomeratic base unconformably overlying the Ordovician Series,
described by the Authors as Old Red Sandstone, he was impressed,
when he visited the district, with the idea that it was possibly of
Downtonian age. The speaker described a set of beds much
resembling Old Red Sandstone, but enclosing marine Downtonian
fossils, from the neighbourhood of Llangadock. Remembering that
these beds thinned out, changed colour, and became less fossiliferous
as they were traced towards the area dealt with by the Authors, it
seemed quite possible that the grey sandstones which they described
might represent Downtonian deposits that had overlapped the underlying Silurian, and he would like to ask whether the Authors could
give satisfactory proof that this was not the case.
Mr. J. u ELSDEN said that he had taken particular interest in
the igneous rocks described by the Authors, who had suggested a
possible resemblance between the Lambstone porphyry and the
lime-bostonites and oligoclase-porphyrites occurring farther north,
in Pembrokeshire.
So far as he could judge, the Lambstonerock differed chiefly in having a less felspathic groundmass; but
only a chemical analysis could determine the question satisfactorily.
The alternations of a,desites and rhyolites, mentioned in the paper,
were especially interesting, and suggested the possibility of the
Lambstone intrusion representing part of a later dyke-phase of the
same volcanic sequence. A similar explanation was also possible
in Pembrokeshire, where the speaker had shown reasons for assigning the lime-boston.ires to an earlier period than the diabaseintrusions. The absence of rhombic pyroxenes fromthe Llangynog
diabases was significant, in view of their great abundance in the
St. David's-Head district.
Mr. W. G. FF,ARNSlD~S congratulated the Authors upon their
additions to our knowledge of the Ordovieian rocks of South Wales.
He enquired whether the igneous series described would fall within
the zones of Didyn~of]rai#tus exte~sus and D. hirundo, remarking
that in Southern Merionethshire Ramsay had observed very similar
rocks within what would now appear to be the limits of these zones.
He was glad to hear of one more district wherein later igneous
intrusions are practically confined to the immediate neighbourhood
of the rigid masses of the earlier volcanic outpourings.
Mr. CA~'rmLLpointed out that the mapping of the Llangynog and
adjacent districts clearly establishes the fact that there have been
at least two periods of movement along the same general east-northeast and west-south-west lines. That the first antedates the Lower
Old Red Sandstone is proved by the manner in which that formation
crosses the outcrops of various members of the Cambrian and Ordovieian systems and of the igneous rocks of Coomb. A subsequent
movement is equally clearly later than the Old Red Sandstone, for
that formation is no~ only much folded, but is faulted deeply
between some of the Ordovician subdivisions.
That the green beds at the base of the Old Red Sandstone cannot
be assigned to the Downtonian seems clear from the existence of
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the great break at their base, and from the fact that they consist
of marls, sandstones, and cornstones, indistinguishable except in
colour from the lower part of the 01d Red Sandstone; moreover,
they pass by alternation upwards into the ordinary red marls.
Finally, they are unfossiliferous, and, until they yield a Silurian
fauna, they can be regarded only as the basement-beds of the 01d
Red Sandstone.
In reply to Mr. Fearnsides, he considered that the TetragraptusBeds should be taken to include the zones of Didymograptus hirundo
an~t D. extensus ; but in the Llangynog district the lower beds cease
to yield graptolites, and therefore may belong to the D.-extensus
Zone or to a lower horizon of the Arenig.
)Jr. T~o)1As, after thanking the President and Fellows for their
kind reception of the paper, said that he was in perfect agreement
with the remarks made by Mr. Cantrill. In reply to Mr. :Elsden,
he said that it was quite possible that the two types of intrusive
rocks (diabase and porphyry) might be the dyke-equivalents of the
andesite and the rhyolite respectively ; with regard to the occurrence
of rhombic pyroxenes in the diabases or andesites, careful search
had failed to reveal any pseudomorphs after these minerals.

