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Chenter 1, Introdaction.

Fy

The Cenentstons Group of the Midland Valley is the
group of sedinsnits forming the lower rormaticn of the
Calciferous Sandstone Series of the Carboniferous
system in Sceotlend, In its typical development, as on
the flanks of the Cempsie ells, it lies between the
C1ld Red Sondstone, 2nd the Clyde Plateau Lavas, but
while it always éppears to rest on Cld Red Sandstone,
it ic not everywhere clearly limited by the volcanic
episode, South of the Inchzotrick Fault, the lavas
rapidly thin end locally disappear, and the Cementstone
Group is followved directly by the yellow and the
renerally non-calcarcous deltaic sandstones of ths
Upper Calciferous Sandstone Group of the Calciferous
Sandstone Series.

The Cementstone Group tends-to form fairly narrow
outcrops surrounding the major basin folds of the
Midlend Velley. It is missing over a large aréa about
the Lesmahagow inlier, eand to the north and east, It
is also miscsinz in the Ardrossan - Largs area and prob-
ably in the area stfetching east then on’to the Lesma-

hagow inlier. (See Fig. 1)

the rocks consist nostly of dolomitic red and grey

narls, dolomitic limestones, and micaceous sandstones,



.capped by thick coarse sometimes conzlomeratic sand-
astone known as the Spout of Eallagan sandstone, The
oresence of the Cenentstone Group is indicated farther
south in the lNidland Velley ﬁy the occurrence of the
characteristic cementstone and marl litholocy, although
at D2illy these rocks are only present in small propor-
2
tion of the great thickness of Cementstone Group
sediments., The absence of typical cernentstones and
marls in the southern arecas often leads to difficulty
in deciding the top and the base of the group; and af
Dailly the earlier editions of the Geolozical SBurvey
nmaps (19 10) show the lower sandstones and shales of
the Cemecntstone Group as belonging to the 1J, 01d Red
Sandstone, It is necessary to use certain arbitrary

criteria to define this group in different parts of the

area.

(a) The Basé.

"ield evidence generally indicates that there is
8 disconiormity between the Upper éld Ned Sandstone
and the Cenentstone Group. Fo anzular difference can
be seen between them in any one cxposures, and they
always ran together, with the Cementstone Group never
comning to rest on rocks older than U, 01ld Red Sandstone
in age. The only evidence of 2 break takes the forn of
an eroded and weathered surface.at the top of the
Mpper 01d Ted Sondstones. In the region of Sorn and

luirkirk, the basal Csrboniferous rests on dirferent




rock typee or the U, 014 i.ed .lsndictone, ecnetimes
recting on 2 red zaprl, sounctines on u szndstone,
eonetines on & cornstons, euch exposure exhibiting sirnms
oy eracion eb the Juncii o (PLQH Fg.ll). Twlisnce of
the bredin ¢on oloo be coeen nﬁ th ol Slag-ow ond In the
v re-ion; end widely in the Jidlund Volloy it épycara
to precede o Uorbonllerous mapine incarcsion, which in
mozt aress, brin;gs sboul a aeried chance in 1itholoslcol
type, makdng reconition of the junclion relatively
cesyY. |

(1) 02411y -~ “atne - Cumnnck.

""his arca presents particalar dilsiculties becrnuge

o' the occurpenca ﬁi thick sondstonen ol 114 Fed Land-
vtone type within the Cementotone iroud, inar aﬁitefla

erc convenient in nmapgping, thoush wll foar nre roarely
a6vailable ot sny ond 0aLCrOD. |

(1) The 1lmst occarrence oL SHEIVe LOPH%tUHQQ with
gssocleted sandastones deiddnes the top of the Ypser 214
~ed Londstone,

(11) “he riract occurpence ol greyemhﬂles or trae Conente
gtones indicuten Corboniferoin rocis,

{411} he ocoarrence ol egach foosils as ‘nthroconedse,

iniiten, ond sziracnds, pointa to o Cirbonlicrous nge.

(4v)} The occarpence ol carbonaceois plent rotalns also

rointa to a Corbeniferous =re, 0o opposed to the occasional

nan=chrooancenis nlesnt imoressicns ef the U, 1d fed

carndstone,




The 1last three criterié are directly correlated

with the incursion of the Curboniierous sea,

(2) Ayr - ¥ilnarnock - juirkirk, and Horthern
Derion, '
n
(Arran < 17,2, Campsics),

It is reletively easy to determine the base of the
Cementstone Group in this area, It occurs at the change
from the red cornstone - sandstone litholozy to the
grey shale — cementstone lithology.

(b) The Top.

In most parts of the Western lidland Valley, the
first appearance of lavas or at least oi ashes of the
Clyde Plateau Lavas, is taken to mark the base of the
Upper Calciferous sandstone Group. The only regions
where lavas or ashes are locally nissing are about
Kilmarnock end Coalburn and et Curmock. The use of the
volcanic group to 1limit the top of the Cementstone
Grou@ is only valid if none of the lavas are as old as
any sediments of the group, (see p. 22). Rocks ‘hitherto
referred to the Cementstone Group at horizons above fhe
base of the Clyde Flateau Lavas, as in a burn north-east
of Corrie reservoir (7C07S0), and from Greenan Castle,
Ayr, are not true cementstones a2nd marls, The beds of
tpe first locality 2re ashy mudstones and hard liny
sandstones, &nd the beds of the second are non-limy
black shales and nodular ferruginous limestones all .

Qtypical of the Cementstone Group. -'. . .

(1) Dailly - DPetna - Cumnock.




At both Dailly and Yatna there is &n ash band
beneath the yellow sandstones and conglomerates. This
is used to find the base of the Upper Calciferous
Sandstone Group. South-east of Cumnock lavas and aches
also occur, resting directly onU, 0ld Zed Sandstone;
but in the only exposure of Cenentstone Group that is
available, immediately to the east of Cumnock in the
Gass ater, there is a gap of about 210 feet between
the top sandstones, shales and cementstones of the
Cementstone Groupn, and the yellow sandstones and bio-
.clastic limestones of the U, Calciferous Sandstone
Group. (See 25.13 ).

(2) Ayr - Xilnmarnock - luirkirk,

In this area in neerly every place where there is
complete exposure, ashes and lava Llows occur. Vhen no
volcanics can be found, the change Trom fine yellow
calcareous sandstoneé, shales and cementstones, to the
coarse yellow deltaic sandstones and bioclastic limestones
is taken to be the Jjunction.

(3) Northern Region. ('rom Arran to the North-
eastern Campsies),

Sometimes as in JfArran there are a few feét of thin
ashy sandstones, coaly shales, and fine conglomerate
just beneath the first Lava flow., These sediments are
included in the Clyde Plateau Lavas Group, and are
taken to be above the top ol the Cemenistone Group, @S
they are more akin in litholoxy to the Upper Sedinmentary

Group.




. Lithology and Palaeogeorraphy.

Over the western Ilidland Valley the 1itholozy of
the Cementstone Group shows considerable variation
from the Ballazan type sedinents of the Campsies
(see D 21) to the coarse sandstonec and conglomerates
of’ the DailiyA~ Patna region, A characteristic of all
the sediments is the high carbonate content, even in
the coarse sandstones, some sandstones being dolonitic,
The mode of deposition, and the palaeogeography
of the Cenmentsctone Group has received some attention in
the past, The cementstones themselves have usually been
assumed to be chemical precipitates in non-merine lagoons
(Bailey 1925 p.12), but of late they have been compered
with the dolomites of the back reef lagoons of the
Zechstein sea (George 1958 p.304). Some reference has
also been made (Feorge 1958 p.309) to the palaeogeography
of the Cementstone Group. The susgestion that the L. 014
Red Sandstone, and in particular the 01ld Red Sandstone
lavas, stood up as land in Cenentstone tines (George 1958
p.309) is reinforced in this present study by the
1ndicétions of the cross bedding and the fécies variation.

Chapter 2, The Stratigraphy of the Cementstone Group,

Over the western part of the llidland Valley the
Cementcstone Group can be divided into an upper division
and a lower division, (fiz. 2). In the northern region>
the upper division is usually referred‘to as the Spout

of Ballagan Sandstone; in the south 1t 1s probebly



,
o0 —

N\ SPOUT ot
. .

Ayr Dailly Cumnock
I'M‘:“'Ja;{a‘ T P S e
S~ sus[--Jerour .
~ .. s . ,.’- e, ———
~
~ ° P / ;ﬁ
\yYPPER RL , / [..'|uPPER OLD
iy NSve " 1 Wit sanosto
\ ’ NE
VO 7 0
\ \ N d ¢, /!
VN Lowe /
\ e
\ - ’

1 X Strathblane
g 4
v LR
A = - ot
+ e} BALLAGAN .'-..'
‘e’e| SANOSTONE |~
0' 4
Rl e
LN I
.% ,
4
* ,’

Cementstone Group in the West Midland Valley,

cees0e00

ososs e Conglomcrctc
0980000
Cetpeb00
LI XY
Q000000
‘000".00
‘L Sandstone
Shale
Marl
..with Corstone
pag - hodules
| ]
Nodutar
Cementstone
Jilll
llll'I‘—lIT
1T Layered

wraus Cementstone

i
l Key for Figs. 3 - 5,
)

7 -10, & 13 = 22,

| ( Further lithological

| detail on sections ).

~n—




- reprecented by the upper sandstone sub-group of Dailly,
(EL.ZSJ. To the east of Uilmarnock the upper division
is absent., The lower division is represented by a thick
sequence of marls, cementstones and sandstones in the
north, by a similar sequence east of Iilmarnock and et
Ayr, and by the basal, lower saéndstone, end marl sub-
"groups of Dailly (pp.7-11) in the south,

Deilly - Patna - Cumnock region,

This recion is characterised by a great thickness
of sediment (1850 feet at Dailly), and a predominance of
coarse clestics,

Dailly.

The Dailly sequence cen be divided into four sub-
groups - from bottom to top.

(a) 7ine sandstones and shales (4CO feet),

(b) Sandetones and conglomerates (500 feet),
(c) Marls and cementstones (L50 feet), |

(d) 2ed sandstone and conglomerates (FCO feet).

(a) The Basal Sub=grouD. s avet:

The Jjunction of this sub-group with the U, €14
Zed Sandstone is not well exposed. In most cases it is
faulted, and in one exposure above Kilkerran in the
Toddy Burn (31C025), where it appears to be unfaulted,
there is a gap in exposure of & few yards betveen the
Cemecntstone Group and the U, Cld Red Sandstone,

The comtrast in litholocy with the U. 01d 2ed

Sandstone is very narked., Near the top of the U, 0ld




C.
‘Ded Sa dstone is the rassive cornstone of ILannielene
(313%018), above which in the Toddy Burn there are 200
feet of soft pink and white calcareous sandstones.
Immediately following a gap in exposure, there are beds
of fine calcareous sandstones with intervening shales
and ripple marked siltstones and with occasional very
sandy cementstones, In thelshales cnd limy sandstones

lamellibrenchs identiried as Niadites obecsa (Ztheridge

Jun,) occur with plants, fishes and ostracods; The change
fron cornstone-sandstone litholozy to sandstoné-grey
shale-cementetone lithology marks a significant ralaeo-
geographical change - the first incursion of the Carbon-
iferous sea, The outcrop of Silurian shown on the 1"

to 1 mile Geol. Survey Map 1l does not exist. The shales
mapped by Richey (1949 ».59), and mentioned by. him belong
in fact to the basal sub-group and contain plant remains,

(b) The Lower Sandstone Sub-zroun,

The sections to be seen in this sub-grbup are in
Lady Burn, Kilkkerran, the Toddy Burn just above Kilkerran
House, and Lindsayston surn (275010). The sub-group
contains predominantly calcareous sandstones, mostly very
massive, white, pink, red, and green. " Some of the sand- |
stones are very pebbly, becominz conzlomeratic at times,
Subordinate to them are grey shales with plant remailns,
and red and green marls with cornstone nodules, o
massive cornstones similer to those of the U, Olq Red

Ssndstone are seen.




A typiecal seguence is illustrated by J. 2. Dichey
(1949 p.59) (sece fig. 32); 235 he noted, a definite
rhythm is to be seen in this sub-group. An eroded
contact often occurs at the base of the coanglomerates,
which are coanveniently regarded as the bagce beds of the
cyclothems (fiz. 3b). There does not appear to beany
break in sedimentation between this sub-group and the
basal sub-group, merely an increase in the ratio of
shale to sandstone, and a disappearance of the marls
containing cornstone nodules. One or two cementstones
occur low down in the lower sandstone sub-group,

Towards the top of the sub-group thin bedded red
and grecen micaceous sandstones appear, and these grade
up into the sediments of the marl sub-group.

(¢) The Marl Sub-gzroup.

This sub-group has the closest resemblance to
RBallagen sediments (p.21 ), except that there is a much
hicher proportion of sandstones than at Rallagan, Vell
over half of the thickness is sandy rcd or grey green
marl, with a lesser development of fine hard yellow
sandstones. ©Sandy nodular cenentstones are subordinate,
as are thin fine conglomeratic bands, The sections are
to be‘secn in the Lindsgyston Burn below the cemetery
at Dailly, in the Baldrennan 3urn (285041) near FKilkerran
Station, and in the streams above llaxwellston Farm
(262003). The measured cliff section from Lindsayston

Burn shows a typical lithological sequence (fig. 4).
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FE S Y

The marls and fine conglomerates (fig. 4 , B and C),

'"Anthracomya ninima', (Imdwig), the ostracods

contain

Paraparchites okeni, (von lunster). and Glyptopleurs

spiralis (Jores & Kirkby), Spirorbis sp., Tish and plant

remains.,

'Anthraconva ninimna' occurs also in the marls of the

Raldrennan Burn., Towards the top of the sub-group the

beds become very red; probsbly due to staining from the

red upper sandstone sub-group,

The Upper Sandstone Sub-groun,

In lithology this sub-group is very similar to the
U. 01d Red Sandstone, although there are no massive
cornstones. It cénsists mestly of red and green sand-
stones, sandy and bright red marls, and red and grecn
polygenetic conglomerates, Some of the marls contsin
limy nodules showing replacement of detrital quartz by
calcite a2s in the cornstones of the Upper 014 Red Sand-
stone (Burgess 1961). A typicael lithological seguence
is summarised in I'ig. 5,

Numerous signs of sedimentary breaks are to be seen,
such as coarse conglomeratic sandstones containing

fragments of marl similar to that of the underlying marl

sub-group, resting on eroded red marls with cornstone

nodules, 1o organic remains were found in this sub-group.

The sub—groupz%xposed in the Baldrennan Burn, the Lady
Burn, Bargany and other streams below llaxwellston Farm.
In the Baldrennan Burn and in the Lauchlan Burn (241999)

"the red sandstones and marls are followed by zreen ashy
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sandstones and fine conglomerates, above which rest
vellow deltaic sandstones and conglomerates, containing

plant remains, of the U, Calcir'erous Sandstone Group.

The strat}graphy about ratna is obscured by the
nmumerous faults cutting the low-dipping strata, and the
general paucity of outcrops. The Geolozical S;rvey mnaps
in the region between Kirkmichael and Straiton have bheen
revised, rocks exposed in the River Doon being transfer-
red fron the Calciferous Sandstone series to the U, 014
Ted Sandstone., Rocks formerly mapped as U, 01d Red
Dandstone, between Straiton and Patna, ere now assigned
to the Cementstone Group, since carbonacecous plant remains
occur low down in them, and since shales and candstones
of Carboniferous aspect appear to underlie them in the
eastern tribﬁtaries of the River Doon, notably the
Littleton Burn (37906%) (see fig. 6).

The general sequence however 1s similar to that at
Dailly. The outstanding difference is the absence of
a representative of the Dailly basal sub-group, the
U, 014 Red Sandstone being followed, near Straiton, by
rocks very similar in lithology to the lower sandstone
sub-group of Dailly. The rhythmic sequences of conglo-
merate, sandstone, marl, grey shale and sandstone ére
again to be seen as at Dailly (fig. 3), although the
conglomerates are much finer and contain different
pebble types,

Lvidence of loc2l tectonic unconformities can often
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be seen at the top and the bottom of the 'arey shales i
and thin sandstones', prarts of the rhythmic sequences
typified by ig. 5. dnzular differences may amount to
as much as 3°, s in Lambdoughty Burn, Straiton, (pl. 1);
The base of the Cementstone 3Zroup casn be seen both i
in the River Girven below Cloncaird (355076), where hard
sandstones, cenented with silica, and grey shales with
cement leyers rest on purple, green and yellcw sandstones
and cornstones, and in the Littleton Burn near Straitoen,
The top part of the sub-zgroup consists of cn uncertain
thickness of pink, red, green and yellow sandstones,
with red and purple marls, The exposureé are poor and
the dips are low and rolling, and the thickness for the
sub-group as a whole may be no more than 600 feet, in

spite orf its wide outcrop.

«

Overlying the sub-group, as at Dailly, there is a
sub-group containing marls &nd cementstones, with a few
sandstones., This is best seen in the lleikleholm Burn

- (417087) neer Patna; a typical measured section is
shown in »igz, 7. Cstracods are very ebundant in some
beds, alonz with worm tracks,

Red micaceougs shaly sendstones are particularly
coﬁmon near the top ot the sub-group, althouzh the top
was not seen, i'rom borehole information the sub-group
is at least 5CO feet thick..

Above the representative of the marl sub—éroup

. there appears, in two or three exposures, to bé a thin

development of red sandstones and marls, probably to be

e
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Unconformity, Lambdoughty Burn, Straiton.

Base of Cementstone Group near Sorn.

Photo*ropK r-e.vereeol in priniino .
(see Pig. 11).



1.
correlated with the upper sandstone sub-group of Dailly,
It seems to be succeeded by an ash overlain by yellow
sandstones and conglomerates of the U, Calciferous
Sandstone Group.

Cumnock,

Only onc section of the CementstonelGroup is to be
seen in the area south-east of the Ierse Loch Tault near
Cumnock in the Gass Water (638228). About 190 feet of
the group is exposed, with 2 gap of 210 fg?t sbove, The
lowest beds above the gap are ashy mudstones and micaccous
sendstones, obviously at a higher horizon than the
Cementstones., The thickness of the Cenentstone Group
calculated as a residual thickness by subtracting the
thickness of U, Calciferous Sandstone Group known to be
nresent in this area from the total thickness of Calci-
ferous Sandstone Series, appears to be approximately
250 feet,

The section in the Gass Vater consists of nassive
yellow current-bedded sandstones with orey shales, and
occasional very sandy cementstones.- The basal sand-
stones and sandy green shales rest on yellow sandstoncs
with a cornstone of the U, 01d Red Sandstone.

Dalrymple - Ayr — Kilmarnock - Muirkirk Region,

&

This region is bounded on the north by the
Inchgotrick Fault, on the south by the Kerse Loch Fault,
and on the éast»by the L. rslacozoic area of the
Lesmahazow Inlier, It compris§s two separate outcrops

" (fig. 1), that of Kilmarnock-Coalburn, and that of



Ayr-Dalrymple.

The thickness of the Cementstone Group over most
of the region is never so great as at Dailly and Fatna:
it renges Tfrom 100 feet at Glenbuck and Cocalburn, 300
Teet between iluirkirk and Kilmarnock, possibly 600 feet
at Ayr, to 1,CC0 feet near Dalrymple.

The most ccmplete section to be seen is on the shore |
on either side oif the volcanic vent at Heads of ayr.

The succession is almost complete apart from a fsulted
zap near the base, and the interruption due to the
volcznic vent. The base has hitherto veen mapped as
faulted, but in fact it can be seen at low tide on the
extreme west side of Bracken Bay. The I,V. fault through
Bracken Bay cuts through a few tens of feet above the
base, but probably does not remove much thickness, At
the base, a conglomerate of cornstone pebbles, overlain
by grey current bedded sandstones, and grey, green ahd
black shales rests on yellow sandstones and cornstones
of the U, C1ld Red Sandstone, In the sequence beyond

this fault derk grey shales continue to the vent, and

contain ceinentstones principally of the type called
'layered' (see p.54% ) in the next chapter. ine green
calcareous micaceous sandctonee are fairly coumon, and
increase in upward sequence in number and thicikness,

The sandstone on the steep bank south of:the vent is
herd, white and calcareous, showing slumping and current
bedding.,

To the east of the vent the scquence continues in
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micacecus sandstones, souwe full of coaly plant remains,
chales with abundant ostracods, fish remains and

lamellibrenchs; and layered ceuentsiones, and Spirorbis

limestonecs, There also occur some Ballagen-type marls
and nodular cerentstones, but these are probably feulted
dovn,

A section measured on the shore 5C0 yards west of
the vent is summarised in Fig. 8. In ascending the

succession towards De'il's Dyke (3C7193), the progortion

H

of grey shale and layered cemcntistone diminishes, and
there is an increase in sandy dolomitic rarls, green
and red chales, and nodular cemcntstones; ostracods,
lamellibranchs and spirorbids remain common in these
higher beds., A litholozical sequence typical of the
upper part of the succescion is guoted in Fig. 9.
llodular cenentstones are very conmon just east of the
De'il's Dyke, but in the last few feet they disappear,
leaving only Tine silty red and green shales with thin
sandstones,

“he topmost few feet of the Cenentstone Group just
below the Gfeenan Castle ash consist of grey and red
nicaceous current bedded sandstones, Inrormation fron
bores and one exposure at Lindston Loch (370163) shows
that inlend from Ayr there is a seguence ol brown, green
and grey sandstones, conglomeratic sandstones, and red
narls with corny nodules at the top of the Cementstone

group, Their position and thelr lithological similarity
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-to the upper sandstonc sub-group of Dailly sugzest a
possible correlation. |

he thiclkk succession in the vicinity of Dalrynmple .
is not well exposed, only the basal few hundred fcet
beinz scen, mainly in the River Doon and its tributaries
near Sxeldon and Hollybush. The rocis seen ore ostly
red shales and sandstones, a Icw ccmentstdn:s, and scme
red marls with cornstone nodules. Uone congloneratic
beds occur, and thicl csandstones packed with large plant
fra;ments. 'rhe sequcace shows rencricble siuailzzity to
the lower sandstone sub-group of Dailly, (igz. 10.)

The rocks of the Xilmernock-Coslburn outcrop show
a strong resemblance in lithology to those of the Ileads
of Ayr section, although no representative of the upper
sandstone sub-group can be dirffereantiated., At cseveral
localities where it is clearly exposed, the base of this
group appecrs to rect with unconformity or non-sequence
on the U., 014 Red Sandstone, Tor example in the Wyndy
Durn (587265), where the basal yellow sandstones, contain-
ing plant remains and fish fragments, overlie an eroded
nassive cornstone; end in the llare Durn (H4C370), zrey
carponiferous narls rest ebruptly on red marls with
cornstone nodules and sandstones, the rcd marls being
reduced to a yellow colour at the junction, (Pl. 2,
Pig. 11).

The top 1is nearly aluays marized by ashes, and some-
times lavas, as at Upper Heilar (602361) on the River

Ayr, where more than 20 feet of lavas, ashes end ashy




sanGastones arc sceen to rest on the Cementstone Group.
Above the volcanics there are yellow sandstcones and
bioclastic limestones of the U. Calciierous Sandstone
and L, Liznestone Groups.

Sandy shales and marls with cementstones arce by
far the dominant rock types, both the nodular and the
layered varieties of cementstone occurring., Again as
at Ayr there is a tendency for nodular ccuentstones to
be commoner in the upper half of the seguence, The
spirorbid limestones comnon in the lower psasrt of Jyr
are rarer in this area, Sdme of the limestonss conteain
gypsum, and according to information from the Doura bore
(Bailey 1930, p. 62) (446306), beds of gypsum occur at
depth, ©Sandstones are perhaps nore comuon in the
Kilmarnock to Sorn area than at Ayr, and are usually of
a buff colour,

In the Back Burn (670220), north of Glenbuck
(755313), and at Coalburn there is a great increase in
sandstones and red sandy shales, particularly near the
base, and cornstone conglomerates becoue very abundant,
The thickness is ususlly about 300 feet, but at Glenbuck
and at Coalburn it is reduced to 100 feet or less,

rurther evidence of local unconfcrmities is to be
seen in the Cessnock Water at Craighead Farm (491323),
and in the Back Burn, luirkirk, The example at Back
Burn is very obvious and in a cliff section 20 feet high

and 40 feet long, the angular discordance of dip above



Sandy grey
greenmari Fine dark grey
... shales
..‘.ZD,U,"?,".'
€ O -
: S ehe T
= LTI
Greymarl
hduo,.. - -
*\§ﬁ -
Sandy h'?- Cornstone
grey marl < - Purple marl . nglomcrau
== il

Fig, 12. Unconformity in cliff at Back Burn,

near Muirkirk,

Fig. 13. Representative section

Cessnock Water, Carnell,

-
|

Sandy




204

0'1-

i Y Micacesus
‘Lt greea
“.*. 3 curremt :
‘ laminoted .
.
Micaceous !
grey sandy ‘
|
5 Red sandy {
Grey |
!
Silty grey
f
Sandy A
104 :
11 o
I
"’ Very sandy
————————— ‘
Yroriren }
2“""' Grey sandy |
laminat ed
Red
. sandy
"o 201 Grey
pom e <
A Purpte i
J ced s sendy '

Fig, 14, Fig. 15. Fig. 16,

Fig. 14.

Fig. 15.

Fig. 16.

Representative section, Cessnock Water,

Craighead Farm.,

Representative section, Cessnock Vater,

Craighead Farm,

Pepresentative section, Cessnock Vater,

Blairkip.



Grey

' Hord Bute

Grey & red
sandy

Red sandy

Cornstone
cohgiomerate

Grey 8 red

hh ' Fine pink
2042

-+—1—r( Green shale

Pig. 17.

Fig. 17.

FPig, 18.

19.

———

v ]vettew s pink

Green 3andy

—4 Grhen sandy
LA Yetiow & pink,

Bright red

Very sandy
Green
Cornstone nodules
Purple

. Red

Green sandy

Green

25' ‘] Yellow
Green sandy

Grey sandy

Pig. 18.

| G

rey sandy
ard qreen muddy

Salt pacudomarpha
Re¢

Grey

Green

N Muddy green

' Hard grey

Green

Fig. 19,

Representative section, Back Burn,

Mairkirk.

Representative section, CozlBurn

Pepresentative section, Lower

Cementstone Group, Auchenreoch Glen,



Pl.

PI.

5. Nodular and layered cementstones,
Meikle Carleigh, Sorn.

L. layered. N. nodular.

If. Basal sandstone and cementstone,

Auchanmannoch Burn, Sorn.

pi
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and below the unconfornity is 15 degrees, (Mig. 12.)
Tyrical iithological sequences are quoted along the
odtcrop from Xilmarnock to Coalburn in 2igs. 13-18.
(See pls. 2, 3, 4, H.)

The Cementstone Group is ebsent in the vieinity of
the Burn Anne (53035C) near Galston, and again at:
stonehouse, norﬁh of the Lesmehagow Inlier, and east of
Coalourn, where the C Vd¢ Flateau lLavas come to rect on
L. Clé Red Sandstone,

The abesence of Cementstone Group to the north and
cast 1s probanly due to some extent to overstep.

The Northern Region,

This rezion runs S5.V. - I.3Z., between the Illighland
Boundary i'ault and the line of the Dusk VWater Fault.
The succession in this region consists of an upper

-

sandstone arenaceous part, the Spout of Bellagan Sand-
stone, and a lower cemcntstone part, The fullest
developzent of voth parts occurs in the outcrop running
from Stirling to Strathblane, and in the Dumbarton area.
At Strathblane the cementstone part of the group is 600
feet thiclkt, 2nd consicts of grey and rcd marls and
shales, with nodular cemcntstones and sone thick sand-
stones. At the bease about 50 feet of limy sandstones
with green sandy shales rcst on eroded red marls with
cornstones (Pl. 6). They are overlain by the first
ccuentstone bands, almost all of which are nodular,

T e )

About 250 feet above the bese thick hard buifl current
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bedded sandstones occur amongst the sheles and cement-
stones. Towards the top, red shales end marls become

nore coamon, Gypsum 1s common in sheets parallel to

the bedding and invertical joints,

In the Strathblane area the Jjunction with the
overlying Spout of Dallegan Ssndstonz is not seen, The
sandstone is 300 feet thick, and consists almost entirely
of puff and yellow sandstones and conglomerate, with a
little sandy merls; soretimes plant remains are found
in the sandstones. JAuchenreoch Flen (42078%) is similar
to Strathblane and provides an excellent section, red
shales and hard yellow calcareous sandstones being perhaps
more abundant then at Strathblane ('ig. 19.) In the
Cvertown Burn (422760), (Fig. 20), 2 niles N,E, of
Dumbarton Castle, a good section in the Spout of Ballagan
Sandstone is exposed. Again it consists of 200 feet of
yellow sandstones and conglomerates, but cornstones, one
a few feet thick, also occur,

The cemcntstones and the Spout of Bailagan S and-—
stone are intervedded, & thin seguence of marls and
cementstones occurring emonz the massive basal sandstones
of the Spout of Ballagan Sandstone, at the top ol which
lie the Clyde Ilateau Lavas,

T,W. of the Dunbarton area the cemeantsctones appear
to thin out. Near Den Bowie (340830), Helensburgh,
the Spout of 3allazan Sandstone is probably about 2C0

feet thick, and the cemsntstones about 100 feet. The
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cenentstone pert scen in a few burns to the 5,1, of
lielensburgh shows a diminution in grey shale and
nodular cementstonrnes, and @n increacsc in red sendy
shales end marls, and the nodular ceicntstones that
occur are red,

T.D. to Pintry and Stirling voth parts persist, the
Cenentstones (Fig. 21) maintaining a thickness of {CO-
6CC feet, but the Spout of Ballagan Sendstone seeﬁing

to thin from 20C feet at Little Corrie (575845) to 15C

fect Jjust before Gargunnock (710930). The thinning of the

outcro» of the Cementstone Group is probably due to an
extension of the Abbey Craip Tault, (Dunham (1932) p.9).
In Gargunnock Burn the ccmentstones are faulted against
the Spout of Bzllagan Sandstore which is downfaulted

to the south, with a conse@uent 1oss of an unknown thici-
necs of cenentstone sediments, 7The 1nterpretation of
this fault as an extension of the Abbey Craig Fault, is
different Ifrom the srrangement shown in E'g. 1l of the
Stirling and Clackmannan Coaliield licmoir (19£9), wherc
the abbey Cralg Fault is shown separating the U, 01ld Red
Sandstone fron the Ceumentstone Group., IHowever, there
appears to be an unfaulted sequence without a break from
the U, Cld Red Dandctone into the Cementstone Group.

In litholozy the Group does not chow great variation
to the 1IT,0,; the basal green shales and sandstones are
thiclzer than at Strathblane, and layered cementstones
are more common, JYhe Spout of 3allazen Sandstone con-

tains cornstones aironzst the massive and often

|
|
|
i
|
[



conglomeratic sandstoaes; cornstone conglomnerates are
conmon at the base,

wxposures on the South Tace of the Campsie Tells,

These sectlons 2long the Tront of the Canpsie
escarpment arc ostly incomplete, the base being down
throuzh delow suriace level by the Canpsic Teult. The

sections are to be seen at Balle-an (575300), ”1a

Glen (6C07399), Canpsic (610733 (Fig. 22)) and .ullu,&t“l

cet ol the toprnost part of the
cementstones are exposed, “he sequence mostly consictico
of grey and red marls with some dark grey chales, with
numerous nodular ceudentstone bands, as many as 1CC bands
in 130 feet, (Briley & Cthers 1925, p. 11). licaceous
currcnt-laninated sandstones are common, and sypsun
occurs in thé narls and nodular cementstones, both in
horizontal and in vertical sheects, Towards the top, one
or two buff candstones are ilnterbedded with shales end
reddish cementstones., These beds are overlain by the
current bedded Spout of Ballagan Sandstone, 30 to 40
feet thick, and Iinally by the Clyde Platecu L=vas
Withia the Spout of Ballazan Tandstone arc red and green
sandy .:arls,

Lt Fin Glen the succescion is faulted at both top
aand bettom, but in Campsie Clen, one mile Turther eas

the ccnentstones are clegrly followed by lavas and sandy

g

I
l_)

‘.'TJ

mudstenes, the Dpout of Ballazan Sendstone being

beent., At Corrieburn (7CC7395) the lavas rest on U, Cld

0




Red Sendstone, and in the Garrel Durn (710798) just
to the ezsgt of Corrieburn, only a few feet of sandy

green shalss, end rottea yellow veathering

2 nodulas

v
o

[
o

lirzesvones, which nay represent the Cementstone Group,
intervene boncath the lavos, OGome 50 feet of normal
3zllagen type cementstones and marls are precent in the
Banton Burn (7318C3) north of Kilsyth, at 2 horizon
Pregumably far below the Spout of Bellagan Sandstone,

It has been suggested (Beiley & COthers 1925, ».12)
that most of the Cementstone Group at 3allazan and
Campsie 1s egulivalent to the basal lavas at Corrieburn,
2s shown by an interbedding of lavas and cementstones
at Corricburn and Kileyth, and by the continuity of
1avas/of Jedburgh type from the top of the U, 01d 2ed
Sandstone into the Clyde Flateau Levas, The dating of
the lowest lavas 1s, however, bssed on misidentification
of Cementstone Group sediments, or cn the nisinterpre-
tation of the local relstionship of the Cementstonc
Group to the lavas; and the local occurénce of Jedovurgh
hacolt in the uppermost part of the 01ld 2zd Sandstone
is provably a 5ill, geophysiceal evidence interprcte
by Dr, D. W. Zowell indicstingz a discrepancy in dip
between the igneousc roclz and the Cld Red Sandstohe of
10 degrees,

The regional brezk at the base of the Ccamentsto
in the west of the idland Valley suggests on the

contrary that the laves are resting discordantly on the
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- U. 0ld red Sandstone at Corrieburn, the Cementstones
veinz overstcepped or overlagped (fPig. 23). The Spout
of Ballagan Sandstone at the top of the Cenentstone Group
is 3C0 £t., thick at OStrathblane where it is derinitely
conformable to the beds veneath, thins eastwards to 45 ft.
et Ballazan, ond Tinally disappears west of Campsie,
where lavoeg rest on cementstonecse presunably by overstep
of the order of 1¥/4 degrees, wast fromn Corrieburn the
Cenmentstones gradually appear agalin, in the other side
of the inferred upwarp, until at Kilsyth they are at
least a few tens of feet thick.

Greenock Area.

The Greenock erea cxtends for several miles south
of Loch Thom to Greenock itself; in it the Cementstones
eare generally thin - less than 1CC feet., At Cuterwards
(230670), 5 miles N,ILD. of Lorgs, where they consist
moétly of very sandy recd and green shales and sandstones,
with a fevw cementstones, they rest, with a basal conglo-
merate with cornstone pebblec, on marls esnd cornstones
of the U, 0ld ied Sendstone, ruirther north at Rottenburn
(250690) the thicknecs:sceus to be of the order of §O
feet, increasing to 7C-1CC feet west of Loch Thom, and
to 17C feet just south of the loch (Pig. 24; T1. 7).
Around Greenock itself exposurcg are meagre, but the
thickness seens to be more than 100 feet, and the

lithology is miore akin to that of Ballagan,

Succeeding the Cementstones is a thick representative



Pl. 7% Cementstone Group at Loch Thom,

Pl. 8. Nodular cementstone and red grey marls,

Cumbrae.
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. of the Spout of Ballagan Ssndstone. At Quterwards it
appears to be of the order of 300 feet thick, but wsst

of Loch Thom it way reach SCO feet, unless there is
repetition by strike faulting. Lithologzically it is
normal in consisting of massive white and pinlitish current
bedded ssndstones, sometimes conglomeratic, with
occasional thick cornstonco, cornstone conglomerates, and
red narls, turther west on the shore south of Gourock
there are no cexposures ol undoubted Ceulentstones, and it

‘ . the Otd Red sandstone
is difficult to distingulsh Trom Spout of Ballagan

Seandstone.

Bute and Cunbrae,

In 3ute the seguence is broxen by feuliing, and
although it is not possible to measure the full thickness,
both the Cementstones and the Spout of 2allagan Send-
stone may be identified., The exposures on the wvest side
of liillport on Cunbree are nuch more complete,

T7he lower part of the Cementstones, its bvase
faulted out, is composed mostly of red marls, with Ilre-
guent bands ol cornstone congloumerate, and is sacceeded
by grey sandy shales with plent rcmeins, hard liny con-
clomeratic current bedded sandstones, grey marls and
noduler cementstones (g1l. 8); = minimum thickness of 1C0
feet 1s suggested., The Cementstones &re succeeded by
typical Spout of Ballegan Sandstone, with marls and
cornstones, which hsas & minimun thickness of 150 feet,
but which may te almost 300 r'eet thick,

Arran., The JArran succession compares closely with



that et Cumbrae. In the Laggan (3905C0) scction
(Cyrrell 1928, p. 49) 20 feet bf grey marls, cement-
otones, thin curreant laninated sandstonés cnd ccrnstone
conglonerates, resting con cornstones and red sendstones
of the U, Cld ted Zandstone, are followed by perhaps 3CO
to 6CO feet of white and pink conglomeratic current
bedded sandstones, with red wmarls and cornstone nodules,
litholozically typical or the Spout of Ballagan Sand-
stone, Thece sandstones are succeccded by thin yellow
sandstones, ashy sandstones, grey and black carbonaceous
gshales, which appear to recst on the eroded top of the
pink and white sandstones. TYhese ashy beds, from which
Wunsch (1865) obtained his I'ossil trees, pass upward into
ashes and levas of the Clyde Ilateau Lavas, To the

south at Corrie (C23442) the lavas cone to rest directly
on the U, 0ld Red Sendstone (Tyrrell 1925, p. 52), and it

W]

nust be assuned that the disappearance of perh

K3
[65]
+
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O

feet ol the Cementstones in a distance of ) miles ic due
mainly to cverstep, as overlap to the south appears to
be contradicted by the cross bedding (fig. 28). Jurther
to the 8.7, near Caupbeltown, (ilcCallien 183C, p. 60C),

the Clyde Flatezu Lavas rect with anzular unconiornity

on the U, 0ld Lied Sandstone (pl. 9).

T Ireland.

Cultra, ZJeliast Louzh,

Rocks of Cementstone Group type occupy a small
strip on the coazst at Cultra and Holywood (Lamplugh,

1871, p. 33). “he relationship to the surrounding L.

L4
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valacozolic rociis is obscure and might well ve faulted.
The beds are also Taulted against Iermian end Triscsic
rocks, At the base orf the visible section are 20 to 30
I'eet or red yellow and green sandstones with rcd marls,
Above, grey and red shales with candstones and cement-
stones are Ifound, overlain to the vest or the quay at
Culgra by typical layered cenentstones and marls, with
lanellibranch nudstones and sandstones,

Apart from the simllerity in lithology between the
Cultre rocke and thdse of the lildland Valley, the
ostracods found at Cultra provide evidence for assigning
these beds to the Cementstone Group (sce pp.71~78)

Aalgal remains similar to those found in the main Algzal
Series éf I, V. IZngland have also been found.. .
At one time these beds werce referred to the Lover Lime-

stone Group, Lithostrotion junceun, having been recorded

(Lawmpluzh 1871, ». 33). In the present examination no
fossils of this type werc seen, and the nature of the
sediments suggests that they would not contein fossils

such &s L. Jjunceuu, The sediuents are, in fact, comple-

tely diiferent from the nearest representative or the
Lower Limestone Group at Castle Lspie,

Draperstovn, 5. Londonderry.

Sediments reseumbling the Cementstone Group of the
lidland valley are to be seen in the WVhite Water and the
Altazoan River near Draperstown, They rect on red,

pink and yellow calcareous sandstones and marls, with
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cornstones which were originally zapped es €alciferous
Sandstone Series (Dgen 1881, p.20 ), but they are now

believed to belong to the U. 0ld Ded Sandstone., The
bace of the Cenentstone Group is not exposed, and the
lowest beds seen are red and Zrey sandy marle with thin
sandstones, The rest of the group consiste of grey chales
and lanellibranch rmudstones, rine current bedded sand-
stones, and layered cementstones, The bcds overlying
the Cementstone Group are conglomeratic bioclastic
limestones of the limnestone series, (probably equiva-
lent to the Upper part ol the Calciferous Sandstone
Series, and elsewherc known to be of 32 age (Iadget
1952, p. 4). To the north, near and beyond Dunziven,
the Cementstone Group seems to have disappeared; at
Ballycastle, volcanic roéks, probably to be correlated
with those of 5. Ilintyre, rest with overstep on the

U. 014 Red Sandstone.
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- CHAPTER 7, THE SEDIMENTS of the CEMENTSTONE
GROUP

Section 1. Facies Variation

In order to discuss the variation in facies it is
convenlent to consider separately an upper and a lower
‘division of the Cementstone Group, the Spout of Ballagan
Sandstone and its equivalents in the Northérn Region,
and the upper sandstone sub-group of Dsilly and Patna
comprising the Upper Cementstone Group; and the mixed
group of sandstones, shales and cementstones beneath these
units comprising the Lower Cementstgne Group (see FPig. 2);
Since there is no indication of differential erosion at
the base of the Cementstone Group between Ayr and Dailly,
it is suggested that the basal sub-group of Dailly is
equivalent 1nlage to the lower part of the Cementstones
at Ayr. The marl sub-group, because of its strong
resemblance to the upper part of the Cementstones at
Ayr is also thought to be represented there, The absence
of the equivalent of the lower sandstone sub-group from
the Ayr area would therefore involve & large break in
the succession, but no evidence of this is seen. Thus
the Cementstones of Ayr and Kilmarnock are correlated
with the basal, lower sandstone, and marl sub-groups of
the Dailly - Patna region. Since the Spout 6f Ballagan
Sendstone and the upper sandstone sub-group both consist
of coarse conglomeratic - sandstone - marl - cornstones
and form the topmost part of the Cementstone Group in

both regions, they are tentatively correlated.
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(1) The Lower Cementstone Group.

Jt is not possible to construct anything more than
very general isopachyte and lithofacies maps, as t%%qZ.25).
is not a sufficient spread of two-dimensional information,/
The outcrops in N, Ireland are too remote from the main
areas of sedimentation in Scotland to be included in the

maps,

(a) Dailly-Patna - Cumnock Region.

The total thickness of the Lower Cementstone Grdup
in this region varies between 1,300 - 1,400 feet at
Dailly, aspproximately 1,100 feet at Patna, and 200-250
feet at Cumnock. The zero isopach (fig. 25) lies to the
eact and the south-east of Cumnock. From later palaeo-
geographical considerations (p.8! ) it can be deduced
that it continues in a south-westerly direction, passing
a few miles to the south-east of Dailly.

The most noticeable feature of the 1lithology in this
region is the abundance of coarse clastics in proportion
to shales and limestones. Even in the marl sub-group
of Dailly there are many sandstones and fine conglomefates.
The sub-group with the largest proportion of coarse clastics
is the lower sandstone sub-group, in which conglomerates
with pebble sizes up to 2" occur., Figs. 3, 4, 7
exemplify the abundance of coarse clastics in the Dailly-
Cumnock region; some sand-shale thickness ratios are
quoted alongside these representative sections., Those
quoted for the marl sﬁb-group at Dailly and Patna are

deceptive in that the marls often contain a high propor-
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Pl. 11. Cornstone conglomerate, Dailly. x50

Pl, 12, Coarse sandstone with-quartz mosaics,

upper sandstone sub-group, Dailly. x JO.
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tion of sand-grade clastics,

The Clastics of the Dailly Region.

The clastic sediments of the Dailly - Patna region
differ markedly from those of Cumnock, in colour, texture
and coarseness,

Dailly - Patnsa,

Conglomerates, These are particularly common in the

south-west of the area, They are yellow to purplish in
colour, and contain pebbles (up to 2" or 3" long axis)
mainly of greywacke and acid porphyry. The only present-
day exposures of comparable igneous rock occur in the
faulted strip of the L. 014 Red Sandstone, 1 - 3 miles

to the south-east; other conglomerates and conglomeratic
layers found in the sandstone contain fragments of
cornstones, usually subspherical in shape, with internal
structures like those of the nodular part of the U, 014
Red Sandstone cornstones, (PL II)

This suggests that either U, 014 Red Sandstone was
being eroded elsewhere, or that cornstone formation was
proceeding on the hinterland to the south-east at the same
time as the deposition of the Cementstones, a fact known
to be true in the Dailly afea from the presence of corn-
stones in thé lower sandstone sub-group.

Conglomerates become much less common north-east
along fhe Deilly basin, where the outcrops lie at
progressively greater distences from the Southern Uplands

Fault and the associated Straiton Fault.

Sandstones, The colours of the sandstones in the 1.
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.. Cementstone Group renge through white, deep red, pink,
yellow and green, A few analysed by point counter
proved to be felspathic sandstones or protoguartzites
(Pettijohn 1957, p. 291).

Specimen Quartz Felspar ILithic

No. . Fragments,
Marl sub:éroup ' M1 o o3 1.4
Top  O2A 78 11.5  10.7
L. Sandstone " 03A 85 8.7 3.0
sub-group Middle M 4 20 7.1 3ok
Lower M18 91 - . 3,0 5e9

Often the sandstones are interbedded with red and
green marls, some containing cornstone nodules, especially
in the lower sandstone sub-group, which shows a reversion
to U. 014 Red Sandstone conditions. The sandstones have
the same general appearance as the outwash fan sediments
of the U, 014 Red Sandstone, and the presence of corn-
stones suggests climatic conditions similar to those of
the U, 014 Red Sandstone, It is possible, in fact, that
the same climatic conditions persisted right ihrough
from U, 014 Red Sandstone times to the base of the Lavas,
where the occurrence of lateritic boles indicates a
rather different climate., The introduction of grey
shaies and yellow sandstones at the base of the Cement-
stone Group is then to be attributed to a change in sea
level, a regional sinking with a marine incursion., The

recurrence of coarse outwash-fan clastics and pedocal



solls indicates a strong relief in the hinterland
which lies at a very short distance to the south-east,

The rhythmic sedimentation of which one cycle is
illustrated in Fig. 5b. can be interpreted as follows,
The deposition of the coarse current bedded sandstones
and conglomerates results from a high relief to the
south-east, with a well developed fault line scarp and
intermittent strong rainfall, followed by a period of
stability when pedocal solls (marls with cornstone
nodules), apparently.similar to those of the U, 014 Red
Sandstone, were formed in the land surface of the out-
wash-fan sediments, The grey shales and fine grey sand-
stones at the close of the cycle represent a marine or
brackish incursion into the area, this being terminated
by a recurrencevof the conditions peculiar to the
depoéition of the sandstones and conglomerates,

The marl sub-group has no coarse ciastics, and only
moderate quantities of fine sandstones., A few bands of
very coarse greywacke occur, the lithic fragments them-
selves being mostly greywacke, obviously derived from an
area of L. Palaeozoic rocks, Oﬁ the whole however the
presence of grey and red maris and shales indicates
relatively quiet sedimentation, with occasional bursts
of slightly coarser clastics caused perhaps by an increase
in rainf21l, or movement along one of the faults assoclia-~
ted with the fault line scarp.

Patna,

Essentially the same facies of the Cementstones is



to be seen near Patna., Fine cornstone conglomerates
are common, but the coarse mixed conglomeretes seen at
Dailly are missing, apart from one comparatively fine bed
found in several outcrops running parallel to and less
than a mile from the Straiton Fault., The pebble content
is greywacke, occasional spilite, some chert and Jasper,
Cumnock.
At Cumnock the faclies differs from Dallly - Patna in
an absence of red and green coloured sandstoneé end con-

glomerates, although the sand/shale ratio remains high,

The sandstones are all yellow in colour, and are 1ntimate1y5

assoclated with grey shales, slltstones and very sandy
cementstones, thus suggesting that the clastics were
deposited under water in conditions of low oxidation or
low reduction, and not as outwash fans in conditions of
high oxidation. The abundance of sandstones indicates

a hinterland with considerable relief., Wedges of
conglomerate may originally have occurred in this area
further south-east, but any sediments of the Cementstone
Group that were present in the area of Glenmuir Water
were eroded before the overstep of the lavas and ashes,

Ayr -~ Kilmarnock Region.

The thickness of the Cementstones in the Ayr -
Kilmarnock region shows a general reduction from KOO
feet in the Ayr - Dalrymple area, (at Dalrymple it may
be as much as 1,000 feet), to 300 feet between Kilmarnock
and Muirkirk, and to 100 feet or less at Glenbuck and’

Coalburn,

- e g



Although the facies is vastly different from that
of Dailly, it shows comparatively minor variations within
the Ayr - Kilmernock region. Coarse conglomerates are
completely absent, but cornstone conglomerates occur at
several horizons, all showing the same characters as in
the Dailly region,

The faclies is mainly a shale-limestone facles, with a
comparatively small development of clastics (figs., 8, 9,
10, 13-18).

Ayr Area,

The lowest part of the Cementstone Group at Ayr has
few sandstones, About 100-150 feet above the bese, 100
feet of micaceous current laminated sandstones occur.
They are interbedded with some cornstone conglomerate,
sandy shales and ostracod limestones, These coarser beds
may be equivalent to the lower sandstone sub-group of
Dailly, and although they in no way resemble it in
appearance, their occurrence could be due to the sane
tectonic movement that produced the equi#alent at Dailly.
Some of the uppermost beds of the sandstones are often
full of coaly plant remains, It is possible that a coel
may occur within these sandstones, although it is not
exposed at present, (See 'Ayrshire at the Time of Burns',
in which coal is reported as heving been dug in a pit at
the junction of thé boundaries of the farms of Corton,
Mt. Oliphent and Broomberry (353168). The pit is now

filled in end there is no evidence now to be seen; but



there ere exposures of cementstones end marls in the
Corton Burn just beside the pit.)

Above these sandstones the sediments become much
finer, the coarsest clestics being of silt grade, some
of them coloured red and greenish, All the shales and
si1lty layers are very limy, and frequently contain 50%
soluble matter, The clastic ratio, as regards bulk
composition by weight, may be as low as 0.78/1, although
no individual cementstone beds need occur in the section
analysed, The cementstones have a Ca/Mg ratio (by weight)
varying between 1.5/1 and 30/1. Organic limestones are
found with the cemenxstongs, including ostracod lime-

2

stones, 'splrorbis” ' limestones, and lamellibranch
limestones. The uppermost KO feet consist of red and green
calcareous siltstones wlthout limestones,

Dalrymple Area,

The basal beds are very much coarser than at Ayr,
Sandstones and fine conglomerétes are common, with thick
micaceous shales, (fig., 10). The colours are often red,
with some green and some yellow; cornstone nodules are
commonly found in red marls; thus indicating terrestrial
conditions, and the faclies is like that of the Dallly -
Patna area, This type of lithology continues for about
100 feet up the succession, then grey shales and cement~
stones come in, with some micaceous yellow sandstones
full of plent remains, The highest sediments seen are

of the type seen nearer Ayr.



Kilmernock - Coalburn Aresa,

The lithology of this area is virttally the same
as at Ayr, except thét sandstones are more common, and
red colours are far commoner in the shales and marls,
especially towards the east., 'Spirorbis’ limestones and
ostracod limestones are asbsent, although some shales
are crowded with spirorbids (figs. 13-18). The only
sections that show & great deviation from‘the facies of
Ayr, and from the rest of the region, are in Back Burn
(Fig. 17) to the north of Muirkirk, north of Glenbuck,
end at Coalburn (Fig. 18).

The Cementstones of Back Burn are at least 250 feet
thick and differ markedly in lithology from the Cement-
stones to the west, in the abundance of thick sandstones
eand bright red sandy shales, and the rarity of cement-
stones and grey shales, particularly in the lowest 100
feet (fig. 17). Cornstone conglomerates which are very
cormon in this lowest part, become very coarse and thick
at the base, some of the pebbles being as much as " in
diameter, The upper part of the sequence consists of very
sandy grey marls and nodular cementstones with frequent
grey sandstone layers,

Only four or five miles to the south-west, the basal
sediments belong to a quite different facies, and are
relatively fine and muddy above the thin basal sand-
stones, This fairly rapid change in facies suggests

that the cauée of the change 1s very near, At Glenbuck
- and Coalburn (Fig. 18) the thickness is less than 100
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. feet and 100 feet respectively, and the rocks consist
almost entirely of sandy élastics with very few cement-
stones, red being the dominant colour of the sediments,

The general facies of the sediments in this region
suggests relatively quiet currents, and a low hinterland,
with slow streams bringing in fine sediment. The oﬂly
exception is in the Dalrymple area, the sediments of
which seem to be derived from a hinterland which was
similar to that of the Dailly sediments, {

Northern Region.

Strathblane - Campsie Area,

The predominant rock types are red and grey marls,

nodular cementstones and micaceous sandstonesf?fhe dark
silty shales, containing ostracods,jﬁommon at Ayr and
Kilmarnock, being rarer. Massive sandstones ere sbsent —
from the Cementstones at Ballagan and Campsie, but occur
commonly at Strathblane,

Greenock - Dumbarton Area,.

At Auchenreoch Glen (Fig. 19) the rocks differ from
those of Strathblane in an increase in proportion of hard
buff limy sandstones end red marls, The thickness is
reduced to 300 feet, to 100 feet at Ben Bowle, and to less
than 100 feet &t Loch Thom and Outerwards, At these
last three localities, sandstones and shales, often red,
are dominant, and cementstones rare (Fig. 24). To the
south-west the thickness is still small, 100 feet at
Cumbrae and less in Arran, and the rocks are conglomeratic

"in places, with an abundance of red marls; only a few
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" nodular cementStones occur near the top. Cornstone
conglomerates are abundant, particulerly in the lower part.
The conglomerates other than cornstone conglomerates
contain mainly quartz pebbles. The facies of the Cement-
stones in & belt stretching from Ben Bowlie through Loch
Thom to Arran indicates a close proximity of a shoreline,
probably to the north-west.

Corrie of Balglass - Gargunnock.

North-east from Strathblane (Fig. 21) the thickness,
proportions and grade oﬁjthe clastics remain constant, and
the only variation is an increase in the darker silty
shales and layered cementstones. Thus there is no evidence
of -2 shoreline in a north-easterly direction., From the
general grade of the clastics it would seem that the hinter-
land, probably to the north-west, was of low relief, with
rapid inflows of moderately coarse sandstones near the
edge of the basin, |

NbrthernlIreland.

Cultra, The basal beds at Cultra are mostly fairly
fine siltstones and sandstones, indicating the near
proximity of a shoreline, They are overlain by grey shales,
limy sandstones and cementstones, both nodular and layered.
The facies in the upper paft bears a strong resemblance
to that of Ayr, except for the occurrence of lamellibranch
mudstones and algal remains * ~, 8kin to those found in
.the Main Algal Series of ILiddisdale,

Draperstown,
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The rocks at Draperstown are mainly mudstones and
shales, though sandstones and siltstones are common; as at
Cultra the beds nearest the base are sandiest, Cement-
etones, mainly layered, are found only in the higher beds,
in the usual context of shales and micaceous sandstones,
Lamellibranch midstones similar to those of Liddisdale
and Cultra are also seen, In the White Water section there
occurs a congiomerate, mainly of quartz pebbles,

The sediments from the Draperstown area suggest that
there was an adjacent hinterland of a moderate relief,
although the greater part of the sedimentation is fairly
quiet,

The Upper Cementstone Group (Fig. 26),

The upper division is confined to the Dailly area, and
the Northern Region., It displays a similar facies in both
regions, that is, a recurrence of outwash fan sedinents
like those of the U, 01d Red Sandstone, At Dailly the
dominant features of these sedimentsfare their coarseness
and bright red colour,

Conglomerates are very common, some red and some
“green, in which the pebbles are of L. Palaeozoic spilites,
cherts, Jjasper, greywackes and metamorphic rocks, the last
sometimes very common, Some contain fragments of bright
red marls, similar to beds immediately below. The pebble
content is suggestive of derivation from an area of
Arenig rocks in particular, and the present larger out-
crops of these rocks occur to the south-east,

Red and green sandstones which form the bulk of the
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sédiments at Dailly fall into the greywacke and sub-
greywacke groups of sandstone, Commonly they show poor
sorting, many sandstones having as much as.ﬁa% clay grade
content. Slumping is frequently to be seen, with strong
currenﬁ bedding and erosional features, but graded

. bedding is not found., This agrees with outwash fan
sedimentation. Bright red maris, some with cornstone
nodules, are common, and are again comparable with some

of the cornstones of the U, 014 Red Sandstone. These beds
form a thick prism of sediment, thickest at Dailly, and
thinning to less than 100 feet of micacecus current
laminated sandstones and red marls in the. Ayr area, At
increasing distance from the probable source the sediments
cease té be outwash sandstones, as their micaceous and
current iaminated nature shows; they are the résult of the
same tectonic disturbance and rejuvenation of the relief
of the hinterland however, and are merely deposited under
water in the centre of the basin instead of in outwash fans
near the margins,

Northern Region.

The Spout of Ballagan Sandstone shows essentially
the same features as.the upper sandstone sub-group of the
south. The most noticeable difference is the colour; the
rocks are predominantlvahite and pink, with only
occasional red beds. The conglomerates contain quartz
pebbles rather than the L., Palaeozoic types found in the
south, Red marls and cornstones occur, notably at Laggan,

Greenock and Dumbarton, some of the cornstones at Greenock
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being 5 feet or more thick,

The thickness of this upper division may be a&s much
as 600 feet at Laggan in Arran, nore than 300 feet at
Cumbrae, and 900 feet at Greenock. This indicates a
great thickness along a line running from Laggan, through
Cuﬁbrae, west of Loch Thom, and possibly passing up between
Helensburgh and Dumbarton (see Fig. 26). To the north-
west of this line at Ben Bowle there cannot be more than
200 feet of Spout of Ballagan Sgndstone, To the south-
east it falls to 300 feet at Outerwards, and 200—500'feet
from Dumbarton to Little Corrie of Balglass near Fintry,
Along the south face of the Campsie Fells it thins to
disappearance, probably by overstep (see p.23 ), though
current bedding evidence indicates that thinning may also
be due to a tectonic swell to the east,

The great difference in colour between the Spoqt of
Ballagan Sandstone and the upper sandstone sub-group of
the south can be explained by the provenance of the
clastics. In the oxidising conditions that existed during
the deposition of both the upper sandstone sub-group eand
the Spout of Ballagen Sgndstone, ferric iron would be
available in greater abundance from the breakdown of L.
Palaeozoic greywackes and spilites than from the Dalradian
metamorphic rocks.

It mey be inferred that the setting of the Upper
Cementstone Group was one of a basin with hinterlands of

high relief, and of contrasted lithological composition;
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but from both north and south there accumulasted outwash

fans in the wide basin between. Originally the two prisms
of marginal sediments formed may have met in the centre,
but the sediments representing this Jjunction have been

removed by subsequent erosion,

Section 2., Sedimentary Structures,

(2) Indicators of Current Direction,

Cross bedding provides the greatest number of
measurements for an analysis of directions of sediment
transport, particularly in the Upper Cementstone Group.
Measurements from ripple merks are less common and provide
only the (local and temporary) current direction, but not
the sense, Primary current lineations, and most groove casts

(P1.13 ), also reveal only trends, although some casts show
& steeply scooped-out up-stream end.

From the current directions on Figs, 27, 28, the
general current pattern in the various areas of the
Western Midland Valley can be deduced., The readings from
the Upper Cementstone Group show much more variability than
those from the Lower Cementstone Group, |

The general inference is of a basin with a systen
of currents flowing south-east and east from an area at
present consisting of metamorphic rocks, and another
systen comihg from the region of the Southern Uplands,
and flowing north-west. Another system seems to have

originated in the L, Palaeozoic Area of the Lesmahagow



Pl. 15. Groove casts and drag marks in sandstone
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PI. 1If. Cast of suncracked surfaces, Lambdoughty

Burn, D ailly.
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+ Inlier, and to have flowed to the south and the south—west.’;

(b) Conditions of Deposition.

(1) The Depth of Water.

The abundance of ripple-marked bedding planes suggests
shallow water, as does the occurrence of numerous examples
of suncracked surfaces and dessication breccisas,

(11) Strength and Variability of Current.

The large size and inconstancy in the direction of
many examples of cross-bedding in the Spout of Ballagaﬁ
Sandstone, and the conglomeratic- nature of the beds,
points to the existence of strong and very variable
currents during the deposition of the sandstone,

The thicker non-micaceous sandstone found in the Lower
Cementstone Group often contains large cross-bedded units,
but they show much more consistency of direction, thus
indicating a much more stable current pattern during infre-
guent periods of sandstone deposition, The micaceous
sandstones which are very common in the Lower Cementstone
Group are usually currént—laminated, suggesting very
gentle flow,

(11i) Local Tectonic Conditions,

The occurrence of slumping in sandstones and in marls
at Ayr and at Dailgy g;;%}ndicate unstable tectonic
conditions, probably fault disturbances. Later in
Carboniferous times faults such as the Kerse Loch Fault
were active (Richey 1935, vp. 93-110). The great change

in thickness between the Ayr - Dalrymple area and Dallly




Pl. 17. Drag marks and salt psendomorphs from

near Dalrymple.
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is suggestive of contemporaneous fault movement along
the line of the present Kerse Loch Feult, (Fig. 25). It
is thus possible that such movement triggered the slumping
in the Cementstone Group sediments,

(iv) Salinity.

PSeudomorphs(pldibfter salt are often abundant at

the base of sandstones and silty shales and 1nd1céte that
hypersaline conditions existed at least temporarily and
locally. They are restricted to the Cementstones, but are
found in all regions, even as far away as Dpaperstown in
Northern Ireland. Some of the cubes may be as large as an
inch aloﬁg an edge.

Section 3, Heavy Minerals and Pebble Analysis,

The pebble content of the conglomerates suggests a
dual origin from a 'Highland' metamorphic source indicated
by the quartz pebbles in the Spout of Ballagan Sandsténe,
and a L, Palaeozolc source of pebbles of greywacke, > = .-
spilite, chert and jasper (see p.39.). At Dailly the
conglomerates of the Cementstones contain only & L. Pal-
aeozoic suite, but the conglomerates of the upper sand-
stone sub-group contain small pebbles of such metamorphic
rocks as quartzite (pl./2. ), besides larger pebbles of
spilite, jasper and chert. |

Heavy minerals in the Cementstone Group, separated
by bromoform and sometimes by acid treatment to remove
iron coating include in order of ebundance, zircon,

tourmaline, rutile, gernet, staurolite, monazite, kyanite



and hornblende,

Zircon., Zircons occur mostly és'prisms, unabraded or
abraded. Some are clear or pink in colour, with inclusions;
others are purple, commonly sub-spherical as products of
several cycles of sedimentation,.

Tourmalines., Two principal varieties of this mineral

include large usually abraded fragments, deep brown

pleochroic tourmaline, and small unabraded stumpy prisms

of pink pleochroic tourmaline, (see Krynine 1954, b. ).
Rutile. Two varieties, one well rounded and a deep

foxy-red, the other light yellow and often unabraded occur.
Gernet., Pink to clear in colour, up to 500min size,

rounded or ragged in outline,

Staurolite. Only a few occurrences noted, typlcally

with yellow-colourless pleochroism, and saw=tooth fracture.
Monazite. Small unabraded grains, yellow with a high
refractive index, opmicaily biaxially positive,
Kyanite, Very rare, as fibrous aggregates,

Hornbleﬁde. A few grains seen.

A number of possible source rocks were also examined
for heavy mineral content.

The heavy minerals found in the metamorphic rocks
dépended very mach on the grade; garnets, primary yellow
rutile, pink-brown pleochroic primary stumpy tourmaline,
and primary zircon coming from the high grade rocks, and
abraded secondary zircon, tourmaline, and rutile coming
from the lbw grade rocks.

The Lower Palaeozolic rocks of the S, Uplands contain



mostly abraded zircon, brown-pale brown pleochroic
tourmaline, and rutile, and are poor in metamorphic
minerals such as garnet (Kelling 1958) |

The L. 014 Red Sandstone in the vicinity of Turnberry
(246127) contains abundant garnet with abraded zircon,
but inland towards the S, Uplands only rounded tourmaline
and zircon.

The heavy minerals of 'Highland' origin found in the
sandstones of the Cementstone Group include unabraded
garnet, pink-brown pleochroic tourmaline, zircon, yellow
rutile, staurolite, kyanite, and hornblende. Often these
minerals may be secondary in origin, derived indirectly
from the metgmorphic rocks via the L, 0ld Red Sandstone,
but then they tend to show some rounding, particularly the
garnets, where the fresh extremely irregular fracture that
characterises the primarily derived garnet is lost and
the grains become sub-spherical with a rough pitted
surface., The occurrence of staurolite and kyanite suggests
a2 primary derivation, because of their lesser abllity to
stand several cycles of erosion when compared with garnet
and zircon,

The S, Upland provenance of L, Palaeozolic and L, 0ld
Red Sandstone rocks is typified by the presence of sbraded

" heavy minerals, mainly zircon, tourmaline &nd rutile.

The zircon can be clear, pink or purple, and the tourmaline

consist mostly of large rounded fragments, The rutile

which is found is almost all foxy-red in colour,
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Dailly - Cumnock Region,

In this area the two suites of heavy minerals can
be recognised. In the lower sandstone sub-group & large
mimber of the sandstones tested yielded garnet and other
metamorphic minerals, aiohg with zircon, tourmaline and
rutile, although the garnét is frequently rounded. It is
not likely that the garnet could have come from nearby
sources, or from the south-east, as the only rocks avail-
able as source rocks in this area, the L. 01d Red Sand-
stone, and the L. Palaeozoic rocks, contain insignificant
quentities of garnet or staurolite, A more probable source
is the metamorphic rocks to the north-west, although the
01d Red Saendstone in that direction is also known to
contain such minerals as garnet., The remainder of the
sandstones from the lower sandstone sub-group contein
highly rounded zircon, tourmaline and rutile, with abundant
rounded opaque minerals, which are probably derived from
the hinterland of greywackes to the south-east. The upper
sandstone sub-group shows much the same mixture of such
primary metamorphic minerals aslgarnet and yellow rutile,
and such rounded secondary minerals as zircon, tourmaline
and red rutile. The mixture of L. Palseozoic cherts,
jasper and spilite pebbles, and Dalrsdian metamorphic
pebbles could be due to reworking of the L, 0ld Red Sand-
stone sediments to the north-west, some of which contain
cherts, spilite and jaspér pebbles, The metamorphic

pebbles would be derived from further north-west (see Fig.

29.)
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The rounded zircon tourmaline, rutile and abundant
opagque minerals, and absence of garnet, in the sandstones
in the Cumnock ares show that the sediments are all
derived from a L., Palaeozolic source., Present outcrops
show L. Palaeozoic rocks both to the north-east and to the
south-east,

Ayr Ares.

Most sandstones examined in this area contain a heavy
mineral suite typified by garnet, usually angular, rocunded
and unabraded zircon, unsbraded yellow acicular rutile,
unabraded pink~clear tourmaline, and occasional kyanite,
This suite indicates a primary derivation in metamorphic
rocks, probably to the north-west, The coaree basal sand-
stcnes and conglomerates of the Dalrymple area contain
heavy minerals, such as garnet and yellow rutile, charac-
teristic of a metamorphic source. The garnet however is
well rounded, and the rutile slightly, thus suggesting a
secondary derivation from the L, 01d Red Sandstone; the
nearest arez of L. 01ld Red Sandstone occurs to the west,
The pebbles in the conglomerates are of greywacké, quart-'
zite and quartz, and a pink orthoclase is very common in
the finer grades of grain size 500-2,000 u. The only local
sources for pink potash felspar are acid gneiss and pink

granites. No pink granites are found locally, but large

areas of Lewlslan gneiss are present to the west of Kintyre,
as in Islay. The felspars would not necessarily come

direct from the lLewisian, but could come via the L, 0ld
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Red Sandstone as the heavy minerals suggest,

Kilmarnock « Coalburn Aresa,

The basal sandstones are characterised by an almost
complete absence of such metamorphic minerals as garnet;
they contain instead rounded zircon, tourmaline and rutile,
although at one locality near Kilmarnock rounded garnet
and stauralite occur (Fig. 30). The only middle horizon

sandstone bed sampled also contains the rounded zircon -

tourmaline - rutile suite, and only in the higher sandstones
do abundant and unabraded garnets appear, They are often %
accompanied by staurolite, yéllow rutile and small pink
tourmaline, The occasional occurrence of rounded mete-
morphic minerals in the lower sandstones suggests that
they are derived from the L. 0ld Red Sandstone, The
incoming of fresh garnet from the north suggests that a
barrier, presumably of L., 0ld Red Sandstone, was reduced,

and that sediments came directly from a source in meta-

morphie rocks to the Kilmarnock - Muirkirk area, (Fig. 29).

Northern Reglon, i j

The assemblages of heavy minerals obtalned from the

sediments of this northern region are unusual in seldom

showing a typical primary suite of metamorphic origin, |
despite their proximity to the Highland outcrops. This is |
particularly true in the south-west, the Spout of Ballagan
Sandstone at lLaggan, Arran, for instance containing

nothing but rounded zircon and rutile, (Fig. 31). At

Greenock similar rounded zircon, rutile and tourmaline
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occur, but large rounded garnet (up to 450 u) is very

abundant, This garnet may not be secondary, but may be
rounded simply because of its large sizé. North-eastwards
the proportlon of large garnets increases in the sandstone,
in samples of which from Gargunnock, in the extreme north-
east, unabraded tourmaline, zircon and rutile appear,

This increase in primary heavy minerals probably reflects
the grade of the adjacent metemorphic rocks.

The abundant roundgd heavy minerals that occur
throughout the Northern Region could not have come directly
from a high grade metamorphic terrain, but must be derived -
either from 1low gréde ﬁetamorphic rocks, or from the 0ld
Red Sandstone,

The heavy minerals of the Cementstones are almost
exclusively rounded zircon, tourmaline, rutile end smaller
gernets, and only in the Gargunnock area do unabraded
minerals appear, This suggests that over a great part of
the 'Highland' area there was a cover of 01d Red Sandstone,
particularly in the earlier part of the Cementstone Group,
which later became deeply dlssectee, especlally in the
east, where metamorphic rocks of various zones were Pro-
gressively exposed,

The comparative abundance of garnet in West Ayrshire
could be due to a thinner and more fragmented.cover'of
01d Red Sandstone on the nearest adjacent metamorphic
rocks of Kintyre. The Lewlsian rocks which occur to the
west, e.g. at Islay, may also have provided abundant

metamorphic minerals,
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Section 4. Tectonlic Control on Sedimentation.

Control by'contemporaneous faulting on the sedimenta-
tion of the Cementstone Group, similar to that recognised
in the Limestone Series, (Richey 1937, pp. 93-110), is
perticularly notable in the Dailly area, where the out-
crops of U, 014 Red Sandstone and Cementstone Group are
bounded on the south-east by the Straiton Fault, and on
the north;west by the Kerse Loch Fault., The influence of
the Straiton Fault on the deposition of the lower sand-
stone sub;group is indicated by the pebbles of acid
porphyrite in the conglomerates, which could have been
derived only from the outcrops to the immediate south-east
of the Straiton Fault, upthrown along a fault line scarp;
the great variation in the coarseness of the clastics
may then be due to repeated movements along this fault.

The sudden facies change with increased thickness
between the Ayr -~ Dalrymple area and the Dailly - Patna
area suggests, as it does at higher Horizons in the
Carboniferous, that the Kerse Loch Fault waé an influence
on sedimentation., From the w==¥ heavy mineral suites, it
seems that metamorphic minerals could gain easy and

frequent access from the north-west to the Dailly -~ Patna

region, but the secondary minerals coming from the L.
Palzeozolic rocks were carried no farther north than the
Deilly - Patna area, This one way flow of heavy minerals
from north-west to south-east is suggestive of an |

esymmetric control on the regional currents by a gradient




such as would be formed by contemporaneous feulting, the
numerous local unconformities provide evidence that such
tectonic movements were taking place,

The Highland Boundary Fault does not appear to have
exercised a control on the sedimentation of either the
Cementstones or the Upper Cementstone Group., In the
Helensburgh area both units are found to the north-west
of the serpentine belt, although they are comparatively
thin; and although the shoreline may not have been far to
the north-west, the Highland Boundary Fault does not
appear to have been represented by a fault line scarp.

The only evidence that folding had any influence on
‘sedimentation is found along the south flank of the

Campsie Fells. It has already been suggested (p.23 )
that there was warping of the Cementstone Group before
the eruption of the lavas, along an axis running through
the Corrieburn area (700709), in a direction between
north-west to south-east, and north-east to south-west,
There is an indication from the cross bedding directions
found in the U, Sgndstone Unit at Ballagan that some
sediment was being derived from an easterly and south- -
easterly direction, possibly from a swell caused by
incipient folding in the area of Corrieburn,

Section 5., The Limestones and Associated Sediments,

The limestones found in the Cementstone Group may be
divided into usually unfossiliferous 'cementstones' and

organic limestones, such as 'spirorbis}, ostracod, and
PL 19
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lamellibranch limestones, though this division is not
sharp, as some cementstones contain spirorbids or
ostracods,

Cementstones.

The term 'cementstone' is a purely descriptive term
that has been applied, not only in the Cementstone Group
but at higher horizons also, to homogeneous fine-grained
limestones that resemble artificial cement,

The cementstones at Ballagan (Bailey 1925, p. 11)
are "argillaceous dolomite----grey in colour, with @
somewhat flinty fracture, weather a cream white, and are
practically unfossiliferous, They are nodular to a
slight extent,----"

The assoclated sediments are pale grey-green, deep
blue-green or red shaly and micaceous sandstones, A
perticularly noticeable characteristic of the cementstones
is their highly developed rhythmic occurrence,

This description, which applies to Ballagan alone,
does not take account of other associated limestones still
called cementstones on their cement-like appearance, but
which do not occur in a nodular fashion. These two types
of cementstone are easily differentiated in the field, and
they wiil be referred to by the descriptive terms 'nodular'
and 'layered’'.

(1) Nodular Cementstones,

Nodular cementstones occur as beds with irregular

top and base (though the base is frequently planar), or as

|



Pl. 19. Spirorbis limestone, Heads of Ayr. x JO,

I

PI. 20. Nodular cementstone, Heads of Ayr.



Pl. 21. Polished surface of nodular cementstone, showing

brecciation in upper part of noduie.

PI. 22. Polished surface of nodular cementstone, showing

brecciation in upper part of nodule.
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- layers of nodules completely separated from each other

(p1.20). These cementstones, whether continuous or
discontinuous, are interbedded with the calcareous
shales and marls in which they lie. They are grey in
colour, although they often weather a pale yellow-brown.
When they are cut and polished many show a brecciation
and a streaky appearance due to films of argillaceous
material.(xﬁhnmz. The surrounding shales and marls show a
distortion round the nodular shape of the cementstones,
due to compaction, the lamina appearing to run through
the top part of some of the nodules,

No such sedimentary structures as ripple marks or
sun sracks can be found on the top of this type of rock.,
Nodular cementstones are always overlain and underleain
by marls or shales, and never directly by sandstones,

(11) Layered Cementstores.

The main feature which differentiates the 'layered’
type from the '"nodular' type is their completely regular
upper and lower surfaces, The upper surface commonly
shows such structures as ripple marks and sun cracks,
(pl.24 ). Internally thé bed is stratified, often
laminated with silty or sandy streaks, Disturbed bedding,
scour marks, sun cracks, and fine cross-lamination are
commonly associated in these layers (plk.23-28, and
occasionally they contain laminae of spirorbids, ostracods,
or lamellibranchs., All the evidence suggests the deposi-
tion of layered cementstones as primery sediments, the

nodular cementstones as secondary segregations,
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Chemical analysis (Table 1) for calcium, magnesium
and insoluble residue was made on a number of limestones
from Heads of Ayr. The estimation of the calcium and the
magnesium was carried out by titration with versene,

The indicator for the calecium was caléin, the titration
being done in U.V, light, and the indicator for the
combined calcium and magnesium was Eriochrome Black T,

The magnesium was found by difference, and the percentages
of each as carbonates, the Ca/Mg ratio (by weight) being
calculated.

Table 1.

3 36 37 39 40 41 x2a }2p

CaCO3 per cent 70.0 31.5 38.0 11.0 77.0 36.0 56.0 70.0
MgCO3; per cent 4.k 38.0 27.0 28,0 8.6 29.0 21.0 7.0

Insoluble

residue 21.5 22.1 26.0 28,0 11.6 28.0 23.6 19,0
Ca/Mg ratio 22,4 1.2 2.0 2.1 12,8 1.75 3.77 10,2
Type of Lst. N N L L N L Ost

¥ ¥ 45 47 48 49 50 52

CaC03 per cent L47.0 67.0 44.0 47.0 51.0 48,0 48,0 57.0
MgCO3; per cent 27,0 7.7 30.0 19.0 33.0 22.0 29.0 24.0

Insoluble ' |
residue 24,0 23,0 22,0 29,0 12.0 26.0 20.0 15.0
Ca/Mg ratio 2.47 12,2 2,07 3.88 2.13 3.13 2.% 328

Type of Ist. N Spir N N N N L N
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5 ©56a 56b 57a §57b 57¢  60a

CaC03 per cent 86.0 48.0 75.0 77.0 34.0 5K3.0 86,0

MgCOz per cent 1.5 29.0 4.4 3.9 6.3 27.0 4.3

Insoluble
residue 12.0 22,0 17.0 15.0 6K6.0 16.0 6.0

Ca/Mg ratio 83.0 2.2 23,9 27.2 7.5 2.85 28,6

Type of Lst, Ost L L L Ost.sh. L L
N - Nodular, L - Layered. Ost - Ostracod limestone,
sh - shsale, Spir - Spirorbis Limestone.

The nodular cementstones all tend to concentrate in
a group with a Ca/Mg ratio varying from 1;2/1 to 3.28/1,
and an insoluble residue content varying from 13 per
cent to 29 per cent (Fig. 32). Thus it can be seen that
the nodular cementstones are highly argillaceous and
dolomitic (see Young 1867, pp. 209-212) in character.
The 'layered' type however have & much wider range in
Ca/Mg ratio, 2,1/1 to 28.6/1, and the insoluble residue
percentages range from 28 to 6.

Nodular Cementstones.

The Ca/Mg ratio in a selected nodular cementstone

(Fig. 33) shows a fairly sharp rise from 2.1/1 to 1.%/1

in the shale beneath the cementstone to & fairly constant

value of about 2.8/1 in the cementstone. Above the
cementstone it falls sharply back to 2.1/1, and then
gradually to 1.5/1 beneath the next cementstone above,

" The percentage of soluble residue is much more variable,




but a general pattern can be discerned. Beneath the
cementstone the insoluble residue content is 66 per cent,
and it falls rapidly to about 16 per cent at the base of
the cementstone, Upwards through the cementstone it
displays an erratic rise from about 16 per cent near the
base, to about 25 to 38 per cent near the top.

The increase across the top of the cementstone is not
nearly as sharp as at the base, and occasionally there is
a lack of definition as the cementstone passes up into
the marl above, The marls above the cementstone show an
irregular rise in insoluble residue from 32 to 57 per
cent, to 48 to 64 per cent.

' The internal structures visible in polished sections
are all indicative of segregation of the carbonate in
pré-existing dolomitic marls and shales (Pls21,22. In
some specimens the clay content has been forced into thin
films surrounding regions of carbonate segrégation
(P152/,22). In others the original laminae of the shale
ahd marl have been disrupted, particularly in the upper
part of the bed, by the increase in volume due to the
introduction of carbonates, This disruption strongly
suggests that segregation took place when the sediments
were not lithified, in fact it probably occurred a few
inches below the depositional interface immediately after
deposition, through & change in the pH of the interstitial
water,

If during the deposition of the marls and shales the
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pH was over 8, as seems probable (p.62 ), then the
temporary drop in pH to below 7.8 in the interstitial
water of the sediments immediately below the interface
(Bruevich and Vinogradova, 1947, summarised by Chilingar
1958, p. 213; Sisler 1960, p. 192), would cause solution
of the carbonates, which would be deposited further down
in the compacting sediments where the pH once again
rises (see Fig. 3L4.)

The reason for the rhythmic formations of these
levels of redeposition on segregation may be found in the
variation in permeability of the marls and shales in the
sequence, Thus if a series of marls were deposited in

rhythmic layérs with more impermeable shale, then the
shales could provide a2 relatively efficient barrier to

the downward permeation of carbonates., Such shaly layers
can be seen to existT%g; cementstones, a fact brought out
by the insoluble residue content (Fig. 33), which is
highest just beneath the cementstones., A mode of forma-
tion such as this would account for the increase in the
soluble residue of the cementstone towards the top. The
differsnce in Ca/Mg ratio between the marl and the
cementstone could be a result of differential leaching

and segregation between the two ions, this being controlled

by the pH of the leaching and depositing solutions, ]

Migrosgop%c Description of Nodular Cementstones,
P1.29 ).

Under the microscope the cementstones are seen to be

composed of an extremely fine-grained mass of'recrystalliseéi
1



Pl.

PI,

25. Layered cementstone showing current

laminations, from Heads of Ayr,

2if, Layered cementstone showing disturbed

bedding at left hand side.

o



Pl. 25, Layered cementstone showing bedding

broken by rising gas bubbles.
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Pl. 2¢é. Layered cementstone with band of spirorbis,

Pl. 27. Dark coloured sandy layered cementstone

with flat pebble conglomerate and plant fragments.
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PI, 28. Thin section layered cementstone with dark

carbonaceous fragments and worm burrows.

PI, 29, Thin section nodular cementstone showing

even grained rhombic crystals of dolomite. x200.
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dolomite; the individual rhombohedra of dolomite range

in size from 7 to 11 u,-Grains of quartz and felspar,
often corroded by dolomite, are scattered throughout

the rock. The only fossils are spores, and an occasional
recrystallised ostracod valve,

Layered Cementstones,

The internal structure and the external relationship
of the layered type of cementstone to the associated
sediments indicate that they were deposited as beds of
limestone in shallow water with gentle currents., The
analysis in Table ] show that these rocks are dolomites
and dolomitic limestones, (c.f. dhilingar, 1957, p. 187).

The origin of the dolomite is obscure, but it is
almost certain that it is for the most part not of
eplgenetic or late diagenetic origin, since the cement-
stones show a uniform fineness of grain, lack porosity,
and any fbssils they contain are often completely unre-
crystallised.

The sedimentary structures such as cross-lamination
are perfectly preserved, and show no evidence of oblitera-
tion such as is found in epigenetic or late diagenetic
dolomites,

It is suggested that the layered cementstones were
deposited either as primary precipitates of dolomite, or
as a high magnesium precipitate of drewite or aragonite,
which subsequently were converted by early or contempof—
aneous diagenesis to dolomite, ! The layered cementstones

“are only abundant in the Ayr - Kilmarnock Region, being



almost completely ebsent from the Northern Region, i.e.
they are only found in the region with the strongest
marine affinities (p.65 ). The possibility thet some
organism, which could only tolerate conditions near to
marine, was responsible for the deposition of these rocks
cannot be overlooked., It is possible that they were
deposited by the disintegration of algae, but no algal
remains have been recorded from these rocks,

Depositional Environment of the Cementstones and
their Associated Strata,

The various parameters that make up the environment
are the current strength and turbulence, the depth of
the water, the degree of oxidation or reduction (Eh),
the salinity, the hydrogen ion concentration_(pH), and
the temperature of the water,

Some of these parameters have already been mentioned
(pp43us) s viz. the strength and turbulence of the currents,
and the depth of the water, but they will be commented

upon here in more detail,

(1) Strength and Turbulence of Current.

In general the extreme fineness of the grains of
the non-carbonate clastics indicates very gentle currents.
At times nothing but clay grade material was brought in,
as in some of the grey marls, when deposition must have
been slow and uniform. During the depositicn of the
layered cementstones, hardly any non-carbonate clastics
were brought in at all, the current laminations found in

them indicating gentle sifting of the primary chemical
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precipitates. Theféilty and fine current-leminated
sandstones indicate periods of stronger in flow of
sediments from the land surfaces, while cross bedded
sandstones indicate strong currents.

(ii) Depth of Vater.

The depth appears to have been highly variable, but
it seeme probable that the depth never exceeded a few
feet, with frequent periods of local emergence and
shoaling, during which ripple marking and sun cracking
took place,

(11i) The Redox Potential,

The main index of the Redox potential is the state
of the iron compounds, which in the case of the dark
shales, and in some of the 'layered' cementstones is in
the form of pyrites, Some of the layered low-magnesium
cementstones of the Sorn and Ayr areas sare fairly rich
in dark organic material, and contain abundant iron
pyrites in stringers throﬁghout the bed, In a bed of
shale at Heads of Ayr (see Fig.42), both disseminated
crystalline iron pyrites, and individual perfect crystals
of sphalerite were found, suggesting a Redox potential
of at least Th - 0.25, i.e. below the 'sulphate - sulphide'’
fence (Krumbein & Garrels 1952, Fig. 8).

Although the presence of iron sulphide in a sediment
indicates that at some time it has been under reducing
conditions, this does not necessarily meen that the

depositional conditions were reducing, It is possible



for the water above the depositional interface to be
oxlidising, and the sediment beneath can be under a
reducing influence (Krumbein & Garrels 1952, pp. 19, 20
Fig. 5). In shallow eveporite conditions 1like those of
the Cementstone Group, the circulation of water in most
places would be enhanced by convection, and thus bottom
conditions would tend to be oxidising, although this
does not preclude the formation of ryrites in the bottom
sediment.

(iv) pH.

The only evidence regarding the pH of the water is
mineralogical, the main indicators being/the carbonates
and silica, Calcite will not precip;téte in an acid
environment (Krumbein & Garrels 125&; Fig. 8), and the
precipitation of magnesiun ion%&is favoured by a high pH
(Chilingar 1953, p. 55), highéf than that necessary for
the precipitation of calcium ions. The abundance of
highly magnesian limestones in the Cementstone Group is
very suggestive of conditions with a pH well above 8,
and possibly tending towards 9.

Salinity.

The sedimentary structures indicate that high
salinity was frequent (see p.L44 ). A further indication
of high salinity is the presence of gypsum, which is found
in two different conditions:

(1) as irregular veins in joints and bedding plenes

in marls and cementstone sequences, This occurrence is



Pl. 50. Layered cementstone with recrystallised

calcite intergrown with gypsum, x )O0.



Pl. 31. Calcite and gypsum intergrown. Gross Nicois.

Prom PIl. 50. X 200.

Pl. 52. Crystal of sphalerite in ostracodal

shale. X JO.



obviously not primary, but ceme from primary gypsum
previously concordant with the bedding., In some cases
i1t is found in irregular masses within the nodular
cementstones; |

(2) as completely recrystallised layers ('beef')
within the layered cementstone., The fibrous gypsum is
intergrown with the calcite crystals, and appears to be
near its original position of deposition (see Pls.303)).

No other evaporites occur, and evaporation could
not have been intense or prolonged.

The occurrence of sandstones and red-green silty
beds, particularly in areas marginal to the basin of
deposition, suggeéts that at times large smounts of fresh
water were introduced. This would have the effect of
reducing the salinity of water that doubtless fluctuated
from fresh to brackish to marine to penesaline,

Temperature,

The presence of evaporites and the occurrence of
abundant sun-cracked surfaces points to a high climatic
temperature, The cA/Mg ratio may be used as a relative
measure of temperature (Chilingar 1953, PP. 38—47); its
use as an absolute thermometer being barred because of
the control that is also exerted on the_Ca/Mg ratio by
the hydrogen 1onhéoncentration and the depth of water,
Assuming that no appfeciabie quantity of magnesium has
been added or subtracted to the sediments since early
diagenesis, then the extremely low Ca/lig ratio of some

of the layered cementstones does seem to indicate a water
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.temperature greater fhan that for instance of the Bahama

Banks, where the Ca/Mg ratioc of the limestones is higher.
A higher water temperature does not infer that the air
tenperature was higher, because a shallow mére restricted
bacin of water such as the Cementstone Group wes deposited
'-1n would become much warmer for a given air temperature
than an open érea of water such as the Bazhama Banks.

The presence of pedocal soils similar to those found
at the marginal areas of the basin, in the lower and
upper sandstone sub-group, of Dailly, and in the Spout
- of Ballagan Sandstone, often indicates infrequent but
heavy rainfall, which would prodﬁce the flash floods to
transport the outwash-fan sediments down into the basin,
and to lower the salinity in the evaporite basin
particularly at the margins,

The association of gypsum, laminated dolomites,
marls and marginal red beds is & typical evaporite
assemblange more indicative of penesaline than of hy-
persaline conditions (Sloss 19%3, pp. 143-161).

The absence of thick evaporites in sections available
for examination may be due to the location of the
. sections near marginal areas, where the rocks were
influenced strongly by fresh water influx. It is more
likely however that in the penesaline conditions which
existed no more than minor quantities of gypsum would

be deposited.



Chapter L4, Palaeontology.

The feuna of the cementstones is sparse and restric- E
ted, especially in the areas where dolomitic marls and
nodular cemenfstones prredominate. The rocks in which
fossils are commonest eare the dark silty shales, and the
associated layered cementstones., Varied and plentiful
faunas are found only in the Ayr area end in the Cultra
outcrop., The Kilmarnock-Coalburn outcrop has a relatively

poor fauna, end virtually nothing is to be found in the

Northern Region.
. The dominant element in the fauna of the Ayr area
is the ostracods, represented in five genera and eight %

species, Spirorbis is also &bundant, as are 1amellibranchs;

and fish remains, A camarotoechiid brachiopod occurs

at one horizon at Heads of Ayr, with Lingula mytiloides,

The fauna obtained at Cultra is very similar in general

content to that of Ayr.

Spirorbis, probably Spirorbis helincteres, occurs

abundantly in the Heads of Ayr seétion, as scattered
individuals in shale, as bands in some layered cement-
stones, and as the major constituent in ‘'spirorbis’

limestones (Pl./9. ). Spirorbis appears from palaeoeco-

logical records (Etheridge 1880, pp. 109, 171, 215, 2K8,
304, 362; Haack 1923, pp. 560-594) to be tolerant of

a great variation in salinity ranging from penesaline

| to fresh water,

‘The two genera of lamellibranchs recorded are
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probably non-marine; they include Niadites obesa found
near the bese in a limy sandstone at Dailly . -, and

'Anthracomya minima' Ludwig found widely in the Ayr -

Dalrymple area and occasionally in the Sorn area, usually
in sandy sediments.

The Ostracods,

The ostracods studied were collected mainly at
Heads of Ayr, although some came from.Ballsgan, from
Patna, and from Dailly. Outside the Midland Valley
samples were collected and examined for comparison from
Cultra, Dreperstown, Liddisdale, Ravenstonedale, Forest
of Deén, and the Avon Gorge., More attention wes paid to

the ornamented types, viz. Glyptopleura, Beyrichiopsis,

and Geisina, although such unornamented types as

Paraparchites often made up the bulk of the fauna. The
fossils were collected chiefly in shales amenable to
disintegration with hydrogen peroxide, althocugh some
were removed. mechanically from limestones,

Systematic Descriptions.

FAMILY GLYPTOPLEURIDAE Girty.
GENUS GLYPTOPLEURA Girty, (1910 p. 236).
Glyptopleure plicata, (Jones & Kirby), 1885,

Kirbya plicata Jones & Kirby, 1885, p.18y, pl. 3, figs. 9,
- 10, 10b.
" n nowooo 1886, p.250, pl. 7, figs. 1la,
1b, 2, 3a, 3b,
] " " n " 1896’ P.188.

Kirbya variabilis " " " 1886, p.249, pl. 7, figs. La,
Lb, ba, Bb, 6, 7, 7a,
7b, not 8a, 8b.

Glyptopleura plicata, Coryell &
Brackmier, 1951, p.511, pl. 2, figs. 8,




Glyptopleura plicata, Latham, 1932, p. 372, text fig. 21.

Description., The carapace is sub-ovate to sub-
rectangular. Both the hinge line and the dorsai margin
are straight, while the ventral margin is convex. The
posterior and anterior ﬁargins are well rounded, with
the anterior sometimes but not always smaller than the
posterior. The antero-dorsel angle is more acute than
the postero-dorsal angle, when the anterior is smaller
invsize than the posterior. The carapace bears a marginal
costa which is common to all glyptopleurids, and which

in the better preserved specimens of G, plicata can

be seen to carry a spinose-striate fringe along the
ventral, bosterior and anterior lengths of this costa,
Within the marginal costa there is a ventral costa, a
short distance from and parallel to the ventral margin,
and another above the last forming a loop which may be
complete, open at one end or open at both ends, It can
be sub-parallel to the dorsal margin, or falls from the
anterior-dorsal region to the posterior ventral region,
Two ﬁits occur, one on either side of the dorsal part of
the loop costa, and are situated noticeably posteriorly.

The surface of the carapace is densely punctate,

Dimensions. Length 0.7 mm, - 1,1 mm,,
Height 0. 4 - O. 6 mm,

Distribution., The species occurs in abundance at

ILiddisdale, Cultra, and in lesser abundance at Heads of
Ayr, Mitcheldean, and Stone G111, Ravenstondale.

Remarks. Kirbya variabilis is put in synonymy with
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G. plicata, it being a very early type of G. plicata

with poorly developed and unclosed loop.

Glyptopleura spiralis., (Jones, 1884),

Kirbya spiralis Kirby 1880, pp. 564, 568, 578, 588
(name only).
" " Jones 188y, p. 323, pl. 2, figs. 12, 13,

" " Jones & Kirby 1885, p. 184, pl. 3, figs.
1lla, 11b.
" _ " . 1] 1] i 1896’ P. 188'

Description, Carapace sub-quadrate, hinge line short

and straight, the ventral margin slightly divergent from
the hinge line, and is usually slightly concave. Both
the anterior and posterior margins are well rounded,

with the posterior bigger than the anterlior. The
marginal costa spirals in towards the posterior from about
halfway along the hinge line, and forms a loop sub-
parallel to the mergin., The costae occurring within this
loop are very veariable in detail and number. There ere
usually four, parallel to the ventral margin, and
elliptical in shape; they may or may not close at elther
end. A large elongate pit interrupts the two top

costae, and is located slightly nearer the hinge line
than the ventral margin, and slightly to the posterior,

Dimensions. Length, 1.3 - 0.8 mm,,
Height, 1 - 0.6 mn,

. Distribution., Cementstone Group of Scotland, N,
England, and N, Ireland.

Found in abundance at Ballagan at one horizon, at
Patna and Dailly, and not so commonly at Heads of Ayr,

Cultra, Draperstown, Liddisdale and Brunt Hill Farnm,

Ravenstondale.



FAMITY KLOEDENELLIDAE, Ulrich & Bassler,

GENUS BEYRICHIOPSIS. Jones & Kirby, 1886,

Beyrichiopsis fimbriata, Jones & Kirby, 1886,

Beyrichionsis fimbriata Jones & Kirby, 1886, p. L3,
pl. 11, figs, 3- 10 rl. 12, fig.h.

" " Ulrich & Bassler, 1908, p, 323,
pl. 43, figs. 22-2).

Beyrichiopsis fortis . Jones & Kirby, 1886, p. 435,
, pl. 12, fig. 13.

ggyriéhioggis subdentata Jones & Kirby, 1886, p. 437,
pl. 11, figs. 1, 2,

Description. Carapace sub-ovate sub-rectangular,

hinge line straight, fairly long, ventral margin convex;
the anterior is usually smaller than the posterior. Both
the anterior and the posterior margins are well rounded,
with the postero-dorsal angle being larger than.?he
antero-dorsal angle, The carapace is lobate, witﬁ a
broad low lobe in the anterior area, and a smallér more|
definite post;median lobe near the dorsal margin, This
produces quite a deep median sulcus, and al ill defined
sulcus behind the post median lobe, On the surface there
are one to four flange-like ribs, a mgrginal one carrying
a fringe which is striate posteriorly, but spinose
anteriorly. The other ribs are simious and variable in
height., One often runs near and parallel to the ventral
'margin, and the others are usually short and cross the
dorsal side of the lobes, although in one variety a large
dorsal rib Joins the ventral rib at the posterior end

of the carapace, and forms an open ended loop.
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Dimensions. Length, 0.7 - 1.1 mm,
Height, 0.35 - 0.6 mm

Distribution., Cementstone Group of Scotland,
N. England, Cultra, N, Ireland.

Localities in present investigation.

Heads of Ayr (abundant, Cultra (abundant),

Discussion. B. fortis, and B, subdentata are

included in 3, finbriata because the similarities between

them are very great, and there 1s more variation in the
arrangement of the flanges of different specimens of

B., finbriata than there is between it and B, fortis and

B, subdentata,

GENUS GEISINA, Johnson (1936).

Geisina crateriga., Jones & Kirby (1885).

Beyrichia crateriga Jones & Kirby, 1886, p. 439, pl. 12,
fig, 7 7b.
" "t "t " " 1896 p. 186

Jonesina crateriga Ulrich & Bassler, 1903, p. 524, Pl. Lk,
figs. 1%, 1.

Diagnosis, Rather oblong - subovate, reticulate

Geisina, with strong median sulcus‘and poor posterior
sulcus,

Description., Carapace subovate - oblong, hinge line

straight, although the antero-dorsal margin bulges above
it, Ventral margin convex, usually diverging slightly
from the hinge line towards the posterior margin, The
posterior margin is higher than the anterior and more
sharply curved, with the postero-dorsal more obtuse
than the antero-dorsal engle., A deep median sulcus

extends down from the dorsal margin, and is situated
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slightly posterior to the centre, It swings round by

the dorsal margin and then down to the posterior margin
to form an 111 defined posterior sulcus., The anterior
lobe is much more tumid than the posterior, thus making
the test much wider anteriorly than posteriorly; the
surface is coarsely reticulate,

Dimensions., Length, 0.8 - 1 mm,
Height, O.4 - 0.6 mm.

Distribution, Cementstone Group of Scotland and

N. England, the 'solenopora' sub-zone of Ravenstonedale,
the Lower Limestone Shales of Forest of Dean, the Lower

Limestone Shales of Cultra and Draperstown, N, Ireland.

Ostracod Faunal Lists, (Figs. 36-40).

Localities near base of Heads of Ayr section (1, 2,
on Fig. 35).
(See Fig. 36).
Glyptopleura plicata Jones & Kirby.

Glvptopleura spiralis " n "

Beyrichiopsis finbriata " " "

Geisina crateriga t " "

Bythocypris sequelis " 1" m

Paraparchites okeni Munster,

Paraparchites okeni obliquius Jones & Kirby.

Paraparchites sq. Ulrich & Bassler,
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Localities near top of Heads of Ayr
section, (3, 4 on Fig. 35.)
(See Fig, 3%6).

Glyptopleura spiralis Jones & Kirby.

Paraparchites okenl  lunster.
Geisina craterigsa Jones & Kirby,

Patna, Locality Troguhain Wood, (378093)
(see Pig. 37.)

Glyptopleura spiralis Jones & Kirby.

Bythocypris asequalis oo

Paraparchites sq, Ulrich & Bassler,

Dailly, Lindsayston Burn below Cemetary,

Glyptopleura spiralis Jones & Kirby.

Paraparchites okeni ,ﬁﬁnster.

Ballagan,

Glyptopleura spiralis Jones & Kirby.

Bytho cypris aequslis " " 1

Paraparchites okeni Manster.

Cultra, Co. Down, (Both to the east and west
of the harbour). (See Fig. 38.)

Glyptopleurs plicata Jones & Kirby.

Glyptopleura spiralis " " 1"

Beyrichiopsis finbriata " " "

Geisina crateripa " " "

Hollinells sp. Coryell,

Paraperchites okeni  Munster.




Fig. 36, Ostracod fauna from Heads of Ayr.

1 =3, Glyptopleura plicata.
L. G. 8piralis.
K - 6 Geisina crateriga,

7, 10 = 12, Beyrichiopsis fimbriata.

8, Bythocypris aequalis,

9. Paraparchites okeni.
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Fig. 37. Ostracod fauna from Patna,

1. Glyptopleura spiralis.

24 Bythocypris aegualis,

3. Paraparchites okeni.
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Fig. 38.

Ostracod fauna from Co. Down.,

1... Glyptopleura plicata.

2, G. spiralis.

%3 -« 4.Beyrichiopsis fimbriata,

5e Hollinella sp.

6. Geisina craterigs.

I Bythocypris sp.
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Fig. 39. Ostracod fauna from Northumberland and

Liddisdale., (main Algal series and

Cementstone Group).

1 - 2, Glyptopleura plicata.

5 G. spiralis,

4 - 6., Beyrichiopsis fimbrista.

7o Bythocypris sequalis.
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Fig., 40. Glyptopleurids from Lower Limestone

shales of the Forest of Dean,

1 - 2, Glyptopleura plicata,




-Draperstown, Co. ILondonderry. (Altagoan Burn),

Glyptopleure spiralis Jones & Kirby.

Cytherella valida 1 " "

Lerriston Burn, Liddisdale. (Main Algal Series
and beneath). (See Fig. 39.)

Glyrtopleura plicata Jones & Kirby,

Glyptopleura spiralis " " "

Paraparchites okenl I.-fu:nst er.

Bythocypris sp. Brady.

Cytherella sp. Jones,
BRACHIOPODA,

FANILY RYNCHONELLIDAE,
GENUS_CAMAROTOECHIA Hall & Clarke.

Camarotoechia sp., nov. (Fiq.4l)

Description. Exterior. The shell is triangular in

shape, with a semicircular anterior margin. The length
is 8lightly greater than the breadth in the pedicle
valve, As all the specimens found were from a shale, and
therefore crushed, any plicaticn or sulcation was des-
troyed. However, from the lack of severe cracking on
the surface of the valves, it 18 probable that any
plication or sulcation is extremely small, if present at
all, -The ribbing varies from brachial to pedicle valve,
being between 17 to 24 in number for the brachial valve,
and between 13 and 19 for the pedicle valve (see Fig. 41.)
Sections of the brachial valve show a well developed

crural cavity containing a median septum, The hinge
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Fig. 41. Camarotcechia sp, from locality 1, Fig. 35,

1 - 7. Sections from the umbo of the

brachial valve at 0.% mm, intervals,
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plates are concave, with deep dental sockets under their

outside edges; the crural processes are unknown,

Horizon and Locality. Approximately 250 feet above
thé base of the Cementstone Group. Inrdark silty
ostracodal shales just below the high water mark, adjacent
to the sewage farm for Butlin's Camp, Heads of Ayr.

Discussion, This species resembles the form referred

-to,”Camarotoechia proava (Ehillips) from Ravenstonedale,

(Garwood, 1912, p. 567, Pl. 51, Figs. la-1lc) in which
however there is a higher length/breadth ratio of about
1.1/1, and the number of ribs in each valve is about 22-2),

The specimens of C; proava from Bolland Shales

(Davidson 1858-63 p. 111, Pl. 25, Fig, 10) have an even
higher length/breadth ratio 1.19/1; the number of ribs
on the brachisl valve is 24, and the commisure shows a
slight to moderate plication.,

Palaeocecology. In 3 feet of dolomitic marls, grey

shales and layered cementstones (Locality 1 Fig. 35),

the faunal content of which is shown in Fig, 42 along
with Ca/Mg ratio and Insoluble Resicdue percentage the
distribution of the fossils appears to show significant
local concentrations, In the highly‘dolomitic marls
below the silty grey shales, and in the layered cement-

. stones above, there are no fossils, The low Ce/Mg ratio
of both éuggests a high temperature at the time of
deposition (Chilingar 1953, pp. 38-47), end thus possibly
e high salinity. The abundance of fossils in the shale




Layer n.raers (qu'h:aL scale 3 agto | 1r)

y
H

i 2T

3

44

7 X

nprsdy »qhiou}

;_m. _‘m ) 4D K215 punD4 ON
J__w m: |
el T e I xT T T xT TxTxx] T T 1
da g
! ,
7 “ “m 1 x 1 1T X [T x [ s xI x [ Xx[ T I I
w P L X [ X ] | T X [ s xI° T xx] | T 1
iy .L“ |.H X | [ [ T XxT{sx [ xx[ [ [ T
ol 1 __ X T T 1 T [sx XX T T 1
L - :
st “_ [T T 1 Tsx X[ %[ T xT[ 1
. i 3 S N I 5 S S A 5
ol i__ _=] X1 [ T X[ T XTI x[ T T 1
“ P X[ 1T Tx[_ T [%xI T T 1
! -
" “ m X T x [ 1 T x[ s x [ X[ [ [ 7]
I |
L_ i XX ] XX | ] | x [sxx] X [ xx][__| [ [ X
[ -== 2|1oys Ais Aauo . ) L
o T T T T T T T T T 1 1
b e I ‘
Y Ji X1 [ T Txx] % X[ X [ X[ X[ x| X
4 1 “ X T X[ [ [ X[ X[ X[ X[ [ T XTX
...... —
| |
7 1 " , ITxx[ x [ [ T x¥x] X ] ] X [ XX] X [ XX
_.III—I.Ill._ ||||| =) . X
5 1 i <X | 1 1 [ Is¥x [ [ T T 1%
, S r—
Jd “ sX T X T T e [T 1T T 1
d_ ] R 3 sx T X Tx T T x [end
| I 2U0ISIU2W2D P2J4aADT -i..ihﬂnn..ﬁ_ ‘odhig| oMis! @ | 9 [Mawed| -
2 NI o_m 99 5L 98 ot col ol ezi ot owi  onoY BED

FINE PYRITES PRESENT

_K;w&uuL_*

- ———————K

SALT PSEUDOMORPHS

SUN-CRACKED SURF

SHALE BECOMING FINER AND MORE

FISSILE

To show the variation in fauna with change

Fig. 42,

in chemical composition and lithology in a

-

sequence of marl, shale and layered cementstone,

small.:

S.

present.

X

e p—-2 -

large,

fairly abundant. 1.

XX,

abundant.

XXX,



. [ De
coincides with higher Ca/Mg ratios for the carbonates

in the shale, and an increase in the proportion 6f silt
grade insoluble residues, thus inferring lower tempera-
tures, and an increased influx of water respectively.
The reduction in salinity consequent on this permitted
the establishment of a fauna of estracods, lamellibranchs,
and brachiopods.

| Within the shale itself changesiin the Ca/Mg ratio,
and in the petrology, seem to be reflected in the faunal
concentrations, /In general, the horizons of low Ca/Ng
ratio are characterised by an absence of lamellibranchs,
brachiopods, spirorbis and fish, and by the dwarfing of
such ostracod species that remain, This is particulerly
noticeable in layer 9, where there is no fauna, Layers
such as number 6 ere characterised by the presence of

brachiopods, lamellibranchs, fish and spirorbis, and by

large individuals of such species as Paraparchites okeni

and Bythocypris aequalis. Beyrichiopsis and Paraparchites,!

from their almost continuous presence through the section,
seem to be tolerant of the changes in salinity indicated
indirectly by the variable Ca/Mg ratio and therefére
variable temperature of the water, The suncracking and
distorted salt pseudomorphs that are so common in the
lower half of the shale, show that for brief periods the
salinity must have risen to hypersaline, The ostracods to

be found below the sun cracks are small and dwarfed

Beyrichiopsis and Paraparchites which are finally absent
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Just below the sun cracks, The cracks themselves

contain large Paraparchites and Bythocypris, possibly

brought in by the later influx of water of lower salinity.

_Often associated with these genera is Geisina (Jonesina)

crateriga which is thought to have brackish affinities

(Kremp 1956, pp. 145-168). There is a noticeable absence

of such typical marine genera such as Bairdisa.

Beyrichiopsis end Paraparchites are commonly found in

normal marine limestones, but their presence here
associated with hypersaline conditions probably indicates
that their salinity tolerance is high, It is therefore
possible that within this section salinity conditions

varied from hypersaline to brackish,

The Correlation with the North of England,
the Borders, and the S, W. Province._

The ostracod faunas figured in Figs, 36-40 show

the close similarity in species and varieties of species

between the Cementstone Group of the Heads of Ayr, end ;
of Northumberland, and the Main Algal Series and Cement-

stone Group of Liddisdale, and the Lower Limestone

shales of Cultra, Co, Down., Because of this similarity,

and because of the occurrence of similar cementstone

type lithologies in all of these areas, it 1s suggested

that the Cementstone Group of the Midland Valley is in
part equivalent in age to these'sediments.

A study of the ostracod species Glyptopleura plicata,
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G. scotica Jones & Kirby, G, spinosa Jones & Kirby, and

G, costate Jones & Kirby, provides some clues to the age
of the Cementstone Group. In this study most of the
information relating to these species was supplied by
Dr. F. V. Andérson, In a personal communicetion,

Dr,. Anderson said that he had noted én evolutionary and

stratigraphical sequence, Glyptopleura plicata -

Glyptopleura scotica, and a similer sequence GQ spinosa -

G. costata, In both of these sequences the changes are

in the increase in the number and complication of the

costae inside the marginal costa,

"Thus in the L. Tournaisian, G, plicata is the sole

representative of the G, plicata - G. scotica sequence,
and i1t is not until Lower Visean, or uppermost Tournai-
sian that 'scotica' types begin to appear., These continue

on up to the Lower Limestone Group, along with G, plicata.

The author collected a fauna of G, plicata from the basal

Lower Limestone shales of the Forest of Dean (Bed 2b,
Sibly 1937, p. 23). They are all of very simple type,
some without the small ventral rib below the loop, and
the loop is elways open at both ends. These are also
quoted from the Gayton boring, Northamptonshire, (Jones &
Kirby 1886), and types. like them were found in ILayer 1,
locality 1, Fig. 35, from Heads of Ayr. In the faunas

from the Heads of Ayr, Liddisdale and Cultra G. plicate

is again the sole representative of G. plicata - G. scotica

‘sequence, no forms with more than a ventral and a loop

g
[N




- - costa being seen., In general the G, plicata from these

last localities seem to show & greater development of
the loop than those of the Forest of Dean in more
definite costae, and in having the loop closed, often

at both ends,

Ostrécod faunas sampled by the author from the
'proava' band of Ravenstonedale showed as many examples

of G, scotica as of G, plicata. It 1s therefore possible

that the basal beds of Ravenstonedale, which are either
Upper Tournaisien or Lower Visean in age are younger

than the Cementstone Group of the Heads of Ayr, Cultra E
and Liddisdale. Dr, Anderson concurs with this suggestion.i
A tentatively suggested age for the Cementstones on the !
basis of the ostracods is K or Z zone, This assunes

that G. scotica had not yet evolved from the G, plicata

stock, rather than that G, _scotica was absent from the
Midland Valley because of adverse conditions.

A number of samples of carbonaceous limestone and
shale containing spores from the Cementstone Group of
Sorn and the Heads of Ayr were sent to Dr. Herbert
Sullivan of Sheffield University for examination and
comment, Dr. Sullivan states (in 1it,.,) that:-

(1) The horizon is certainly below the lower spore

zone of Camptotriletes vernicosus of the Coal Board

classification, i.e. below S2,

(i1) The absence of ILycospora, Tripartites, and

Rotaspora show that it 1s at least as low as Tower



Visea.no

(i1ii) It is a rather restricted microflora consis-

ting principally of three genera, Punctatis porites,

Stenozonotriletes and Archeozonotriletes.,

The Latter genus is the most useful stratigraphi-
cally, and a tentative identification of the species
present show them to be all either Tournaisian or
U. Devonian,

(iv) The assemblage has an U, Devonian rather than
a Visean aspect,
Dr, Sullivan ends by suggesting provisionally a

Middle Tournaisian age for the microflora.
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Chapter h, PATAEOGEOGRAPHY,

The Lower Cementstone Group.

(1) The Geology.

So far as residual evidence indicates, £he sedinents
of the Lower Cementstone Group were deposited exclusively
on a floor of U, 014 Red Sandstone - mainly outwash-.
fan sediments - with a hinterlaﬁd to the north of exposed
' Dalradian and older metamorphic rocks and 014 Red Sand-
stone, and a hinterland to the south-east of Lower
Palaeozolic greywackes and shales,

(2) The Strand Iine. (See Fig. 27).

The alignment of this postulated shoreline is
based on the signs of current direction, the facies
variations, the positions of the residual zero isopach,
and the pyovenance of the pebbles énd heavy minerals, |
From the current directions, and from the heavy minerals
suites, it is obvious that a north-east - south-west
shoreline lay to the north-west of the Glasgow region, and
south of the probable source of the abundant garnets
and pink-brown tourmalines, only & few miles to the
north-west of the present Highland Boundary Fault.

The abundance and relative coérseness of the clastics
in Arran and the Cumbrae, and to some extent in the
Greenock area, strongly suggests & shoreline very close
to the north-west. The sharp change in facies betwveen
Dumbarton and Helensburgh from a normal cementstone

facies to sandstone and red marls with few cementstones,

again indicates an approach to a shoreline.L;“



The southern shoreline is sharply delineated along
the line of the Straiton Fault, and the extension of
this north-east of Cumnock. Again this shoreline is
indicated by current directions, pebbles and heavy
minerals, and the presence of the outwash-fan sediments,
A shoreline is also indicated immediately north-west
of Dailly by the facies and the current directions in
the Delrymple area, and the current directions in the
Ayr area., The carbonaceous material and coal (see p.%4 )
in this area indicate a surface varying above and
below sea level in the immediate vicinity of Ayr.

North-east from Ayr towards Muirkirk and Coalburn,
the basin appears to close, Certainly at Coalburn the
thickness is reduced to 100 feet, and the faciles
indicates the proximity of a shore., Further north-east
the Cementstone Group is absent, alﬁhough the thinning
could be due to overstep,

The current directions and facies of the Back Burn
area to the north of Muilrkirk are highly indicative of
o shoreline immediately to the north, at least early
during the deposifion of the'Cementstone Group. From
the evidence of the heavy minerals (p.49) it has been
suggested that this land mass disappeared later on in
the Lower Cementstone Group. Its northern boundary is
not easily identified, but ran south of the Campsies
where the facies does not suggest that there is a near

shoreline to the south.
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(3) Geomorphology.

The coarseness of the marginal sediments (see pp.33-39

indicates a topography of low relief of the 'highland'

land mass, of the lané to the north and east of Muirkirk,
and of the area to the south and south-west of Ayr.

The extreme coarseness of the clastics in the Dailly
Basin, on the contrary, suggeste a strong relief of the
hinferland to the south-east, with freguent rejuvenation
probably caused by movement along the Southern Upland
and associated faults, or along the Straiton Fault.

(4) The Environment of Sedimentation,

The sediments of the Lower Cementstone Group were
deposited in a comparatively shallow restricted evapori-
tic basin, the salinity varying from penesaline to
brackish; the same conditions océur, possibly frequently,
in the marginal regions such as Ayr (p.&3 ), and in the
Kilmarnock - Mulrkirk area, 3Brackish conditions
occasionally extended to the centre of the slightly
deeper basinal areas such as Ballagan, as the occurrence

of carbonaceous silts, with ostracods such as Parapar-

chites, Glyptopleura spiralis and Bythocypris aequalis,

indicate,

Along the south margin of the basin a wedge of
outwashffan sediments, spilled down from high ground to
the south-east and stretch as far as the Dalrymple area,
beyond whiéh, however, they merge into normal sandstones

sub-aqueously deposited ss at Ayr,



Land
Mass

To show possible palaeogeographical
relatioins of the Midland Valley to
Ireland end Northern England during
deposition of the Lower Cementstone

Group.
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On the whole the area with the closest marine faunal
affinities is Ayr, which in turn is very similar to
Cultra between which it is suggested that there ﬁas a
direct seaway (see Pig. 43). The connection between
the main areas of marine Tournaisian sedimentation may
have been either through the area to the south-west of
L. Neagh, the sediments forming this connection having
been removed by erosion previous to the Visean trans-
-gression, or connection may have been through the
position of the present North Channel between'Larne and
Stranraer, and the strong similarity between the faunas
of Ayr and Liddisdale suggests some connection between
the two areas by this route.

(5) The Climate.

The temperature at the time of the deposition of
the L. Cementstone Group was probably high, and the
average rainfall low., The presence of the pedocal
(cornstones) soils and outwash-fan sediments indicates
that rainfall was infrequent but heavy,

The Upper Cementétone Group (Fig. 28).

The quieter sedimentation of the Lower Cementstone
Group was terminated by the development of large outwash
fans spreading from a rejuvenated hinterland of high
relief to the north-west, and another hinterland of high
relief to the south-east., The extent of the northerly

outwash-fan sediments is lost under the cover of later
rocks, but the thickness appears to be diminishing
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towards the south-east. The similar sediments in the
Dailly region seem to thin to the north-west, and grade
into micaceous sandstones possibly deposited in lakes
existing between the northerly and southerly fans,
The widespread occurrence of cornstones similar to
those of the U, 0l1d Red Sandstone (Burgess 1961)
suggestsAa continuance of the infrequent heavy rainfall
of the Lower Cementstone Group,

Deposition of the Cementstone Group was brought
to a close by the tectanic movement which preceded the
sub-aerial volcanic activity, and the consequent

Visean tranSgression into the Western Midland Valley.
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