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GEOLOGICAL EXCURSION TO LATE PRECAMBRIAN
ROCKS IN BRITAIN,
SEPTEMBER, 1975

ABSTRACT

A thirteen day excursion to Britain during September 1975
-provided the opportunity to visit briefly the major outcrops of
. late Precambrian rocks of England, Scotland and Wales. These
included (1)afossiliferous vulcano-sedimentary sequence at
Charnwood Forest, (2) the Dalradian Supergroup of the Scottish
Highlands including very late Precambrian stromatolites and
tillites, (3) the Moine succession that underlies the Dalradian,.
(4) the late Precambrian Stoer and Torridon Groups of redbed
clastics that unconformably overlie Lewisian basement meta-
- morphics west of the Moine Thrust, (5) the latest Precambrian
 eugeosynclinal Monian Supergroup of Anglesey, including a
melange containing stromatolitic limestone and (6) the ?latest
Precambrian or Cambrian Longmyndian succession of shallow

water clastics .and volcaniclastics. } _
Research in Precambrian and early Palaeozoic acritarchs in-the

- Torridon and Stoer Groups and the Dalradian Supergroup indicates
. the potential for similar studies to be carried out in the
Adelaide Geosyncline.

INTRODUCTION
Upon receipt of an invitation to attend and contribute to a °

symposium on Precambrian corre]étions in Moscow,‘September 1975, it was
" decided that a conference on Fossil Algae in Erlangen, West Germany, in
Octobef, should also be attended. Dr. 'Marjorie Muir of Imperial College,
g : e 1 conchuct

London, while on a visit to Australia in May, offered”Dr. M.R. Walter
(Buréau of Mineral Resources) and myself to—cenduet=us on an informal

excursion to areas of Precambrian outcrop in Ehg]and and Scotland during

the time between the two_major conferences we both attended. The
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excursionAinvolved thirteen days of field work (September 17 to 29).
This report summarises the éeo]ogy of areas visited, wifh special
feference to the sfratigraph%c relations of major sedimentational
sequences, and Precambrian palaeontology (acritarch and stromatolite
Studies). ' |

" The excursion will b¢ described in terms of the localities
‘viéited; These are indicated on the general locality plans, Fig. 1

and Fig. 2.

ACKNOWLEDGEMENTS
 .The organisation of the excursion by Dr. M. Muir and Mr. Paul
Grant is gratefully acknowledged. These and the remaining participants
from Imperial Cb11ege (Dr.lw. Diver, Mr. G. B]fss and Dr. Shukla
fSenguﬁta) all cohtributed by acting as guides in areas they weke indivi-
:du§11y most familiar with. I wish to express my gratitude to these
people for their‘exfremely va]uab]é participation, and also to Drs. Trevor
lFord'and'koy_Macgregor who guided us at Charnwood Forest and on Islay

respectively.

: THE PRECAMBRIAN_OF CHARNWOOD FOREST (Guide: Dr. Trevor Ford)
The geology of fhis area, a small inlier of Preqambrﬁan north-
'westléf Leicester (Fig. 1), is described by Dunning (1975). Three
“'ﬁajOr stratigraphic units occur in a south-east plunging anticline,
fota]]ing a -thickness of 2600 m:- | |

youngest: Brand Group . Swithland Slates
N ) Trachose Grit and Quartzite
(300 m) Hanging Rocks Conglomerate
" "Maplewell Group Woodhouse and Bradgate Formation
- (1400 m) . . Slate Agglomerate ‘
. Beacon Hill Formation
Felsitic Agglomerate
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o]dest: Blackbrook Formation
(900 m)

The Blackbrook Formation consists of banded tuffs, dista]
turbidites and ~mudstonés. The Felsitic Agé]omerate has pink fe]dspathic>
-rock fragments in a welded tuff matrix. It‘is very varfab]e in feldspar
'Content’and fn degree of welding.

| The Beacon Hill Formation consists of distal water]aid:pyro-
c1astics,;pas$ing northwestwards»fo coarée boulder beds in which the
~ porphyritic dacite boulders were rounded by_attrifion in a volcanic vent.
‘ A The Slate Agglomerate consists of poorly welded coarse ash with
large angular slabby fragments of tuffaceous siltstone (Fig. 3).

The Brand Group is mainly sedimentary with conglomerates,
quartzitic sandstones and slates.

Intrusives include ﬁarkfie]ditg (micrographic diorite) laccoliths
and dacitic and rhyodacitic porphyries, all predating the Charnian cleavage.
Dr. Ford quoted an age of about 560 m.y. (K-Af)._ In the ﬁorth,‘finer
grained diorites are youngef and were 1ﬁtruded along reverse faults.
Simi]arArocks occur some 15 km away in boulders -in Cambrian basal conglo-
merates'resting unconformably on the parent rock. At ngarby Bardon Hill,
" a microdiorite-dacite apparently intrudes all the Charnwood rocks but

ié tﬁought to belong to the same volcanic suite. ‘Meneisy and Miller
(1963) conducted a geochronological study of the igneous rocks of the
area (él] K-Ar); the Bardon Hill samples are thé only ones that gave .
~Precambrian ages (684 * 29 and 595 % 26 m.y.). 680 m.y. has generally |
been accepted as the age of intbusioh and as a minimum age for the

- volcanic and sedimentary rocks at Charnwood Forest.



Fig. 3.

 Fig. 4.

" Fig. 5. . -

Fig. 6.

Diameter lens cap 5.3 cm.

The Slate Agglomerate, Maplewell Group, Chafnwood Forest,
consisting of large angular slabs of tuffaceous siltstone
in a poorly welded coarse ash matrix.

Neg. No. 27082. | |
The bedding plane that contains impressions of the late
Precambrian metazoan fossil Charniodiscus, woddhouse
and Bradgate Formation, Maplewell Group, Charnwood
Forest.

Neg. No. 27083.

The circular impression of Charniodiscus on the same bedding

plane. The lithology is a green slaty siltstone. Scale

graduated in centimetres.

Neg. No. 27084.

Another outcrop with Charniodiscus on‘a_bedding piane'

at the Outwoods, near Charnwood Forest. -

Neg. No. 27085. .
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The bedding plane containing impressions of soft-bodied metazoa
was demonstrafed to us  (Fig. 4). It occurs in a green slaty siltstone
of the WOodhouse and Bradgate”Formation,.directly overlying the Slate
Agglomerate. The circular impress{on of C%arnipdiscus coneentricus Ford
(Fig. 5) is.thought to represent a meddsofd}QPESSjply.Yelated to.the sea
pen Charnia masonti Ford; to which it may haVelbeeﬁ joined by a sfa]k.
. No dnquestionab1e.fossi1»to prdye this has beén-found,'however; (Glaessner
& Wade, 1966). A second outcrop with Charniodiscus (Fig. 6) was

demonstratéd at the Outwoods, near Charnwood Forest.

. PALAEOZOIC ROCKS OF SOUTH-EAST SCOTLAND
On leaving Charnwodd~Fofest we traVe]]ed north through Yorkshjre,
Awhere We‘briefly’observed white.flaQQYa wavy bedded Permian ao1omites

" near Dontaster (Fig. 7). North of our first stopover at Berwick-upon-

. Tweed, we saw Silurian greywackes with 20 cm.gfaded beds.and 10 cm thick: .
"A'slgfe‘ihterbeds, and flute casté on the base of some sandy beds. At -
Pease,Bgy’(Fig..Z) there are coastal exposures.of Carboniferous red to
red-brown slightly ca]careous sandstones with channel cross-bedding,

"and pebbly bands. 'In,placesAchannels are exposed on bedding planes;
some beds have extremely steep foresets (Fig. 8). There are thin inter-
: J‘bedé of black oil shale. One of mny coa]_interbeds was obseryed,- |

here in fault contact with a séndstone.(Fjg. 9)._}0ne sandstone outcrop -

". contained fossil roots of Stigmaria (Fig. 10).‘,At Rhynie, the famous

Tocality of. Devonian black cherts cohtaining abundant plant microqusi1s;
"there is now 1ﬁtt]e outcrop, and we found on1y~scatteréd float of chert -
;:ahd laminated sandy, tuffaceous sediments, in places silicified. Small

black chert samples collected are potentially fossiliferous.



Fig.

Fig.

Fig.

Fig

S0

White»f]aggy, wavy bedded Permian dolomites near
Doncaster, Yorkshire.

Neg. No. 27086. |
Carboniferous red-brown sandstones with high angle

cross-bedding, exposed in wave-cut platform at Pease Bay,

South-east Scotland.

Neg. No. 27087.

4 .
A coal interbed in fault contact with a sandstone,

~ (Carboniferous), at Pease Bay, SoUth-East Scotland.

Neg. No. 27088.

~Carboniferous sandstone containing the fossil root

Stigmaria, Pease Bay, South-East Scotland. Scale

Algraduated in 10 cm ihterva]s.

‘Neg. No. 27089,
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THE DALRADIAN SUPERGRQUP; A LATE
| PRECAMBRIAN. AND EARLY PALAEOZCIC

| SEQUENCE OF THE SCOTTISHfHIGHLANDS :
The Délradian Supergroup is deSéribed by Harris and Pitcher
‘f(1975) as'a ;]1thologica11y diverse supergfoup cesee OF métasedimentéry
- and meta-igneous rocks 6ft1ate Precambrian - Cambrian age which crop out
in ireland and Scotland (ihcluding Shetland) ‘and which are yoﬁnger than,
and on a‘hegional scale overlie the 1itholdg1ca1]y more monotonous Moine
~rocks". The Supergroup is exposed ihlthe Scottish Highlands between
'the,High]anﬁ Border Fault and the Great Glen Fault (Fig. 2), but dOe§
‘not occur to tﬁe west of the Moine Thrust, wﬁere unmetamorphosed late
‘Pfecambrian ("Torridonian®) and early Palaeozoic sediments overlie meta-
morphic basement G"Lewisianf). »The'DaIradian sequence is very thick
(of the.order of 20 km) and was.depositéd “in a complex trough elongated
EN.E.-S;N.- Becéuée the trough margins are tectohicaT]y broken away frbm
its:foré1ands, direct correlations With the approprféte_she]f deposfts
is not possible" (Harris & Pitcher; 1975{ p.52). Thé authors prquSe
a three-fold division of the Dalradian: the (uppér) Southern Highland
“Group is Cambrian to possibly Ordovician, the (m’iddA'le) Argy'n-c_;roup is
‘-1aiest Pkecahbrian to Cambrian, and the (lower) Appin Group is late
Precambrian. The sequence as examined by us is'summarised in ther_
- genequiSed stfatigraphic table (Table 1){-

* Southern Highland Group

The first outcrop examined is of Macduff Slate of the Southern -
Highland Group in coastal exposures at Macduff (Fig. 2). This area is
béing Studied by Mr. G. Bliss, who has succeeded in extracting microfossils

(ééritaYChs)-from metamorphosed clastic sediments by HF maceration:



et

AGE

GROUP SUB GROUP FORMATION .
?Transition| SOUTHERN o Macduff
- to HIGHLAND Slate ‘
Ordovician %ROUP | Volc nicé grits
o “(Upper a P
‘Daﬁiadjan) Leny Limestone
Tayvallich Tayvallich Limestone
} | 2| Stonefield Schist
Crinan Crinan Grits
Cinr1an : éggméL Easdale Crawgnjsh Phyllite
T (Middle = Easdale Slate
Dalradian) "
2Vendiari ' : o Jura Quartzite
o Islay . L~ Bonahaven Dolomite
R Quartzite
‘ A 8884 Port Askaig Tillite
ol o1 o :
Blair Athol o [ 0] Islay L1mest?ne
o ————-—] Slates,phyllites,
. Timestones -
RiPheah _éigas Cuil Bay Slate
([_ower . . ’LNNNNT App'l n Phy1 lite
,Da]radian) “Ballachulish 1% " ~Appin Limestone
: . I Appin Quartzite
==—=—-=1 Ballachulish Slate
FJJI l’ Ballachulish Limestone
RIZO2C| Leven Schist
A RTDROE Glencoe Quartzite
Lochaber X "X| Binnein Schist

Binnein Quartzite
Eilde Schist
Eilde Quartzite
Eilde Flags

- (?Moine)

TABLE I. Generalized stratigraphy'of the Dalradian Supergroup. in
Scotland (based on Harris & Pitcher, 1975).




~Fig. 11.

Fig. 12.

Fig. 13.

Fig. 14,

Pull-apart breccia of silty fragments in a metasandstone

matrix, part of turbidite sequence of the Macduff

- Slate (upper Dalradian), in coastal exposures at Macduff,

~ Scotland.

Neg. No. 27090. .

- A one-metre thick bed of graded metasandsfone,'with

éharp base, overlying metasiltstone at the top of the
previous cycle. Macduff Slate (upper Dalradian),
in coastal exposures at Macduff, Scotland.

- Neg. No. 27091. |
Granule-filled erosional channels in thickly bedded
feldspathic grits. Macduff S]afe (upper Dairadian),
in ansta]_exposures atAMacduff, Scotiand. |

Neg. No: 27092.
Thin graded beds in metasiltstone, Macduff S]ate;--_
(upper Dalradian), in coasta]\exposures at Macduff,

Scotland. _
Neg. No. 27093.

~ The pen in each photograph is 14 cm long.




Fig. 11

Fig. 13
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Thet microfoesi1s are preserved in such highly deformed and metamorphosed
~rocks is remarkable, and indicates the potential of similar studies in

the far less altered rocks of the Adelaide Geosyncline. The Maeduff
Greup, interpreted as a turbidite sequehce, consists of meta-sandstenes,
'Sometimes graded (Fig. 12) with interbedded meta-siltstone. Grain size
_ érades.up_froh very coarse sand at the.base to medium sand at the top,
with a bed thickness of up to ohe metre. Isoclinal folds are generally
confined to the argillaceous beds. Pull-apart breccia, consisting of
irregu]ar siltstone fragments in a greywacke matrix (Fig. 11) was probably
formed by slumping. There are also thin graded beds only 2-3 cm thick,
hain]y in éf]tstone (Fig. 14), but broad1y laminated, non-graded siltstone
is more common. Ripple marks with internal cross-lamination occuf‘in
 'finer sandstone beds. The’seqUence here appears to dip and face uniformly

to the west at about 300, but there may be reversals of facing further west,

" where dark metasiltstones, then coarse, angular feldspathic grits appear.

The 1attek form very massive, crude]ngraded beds, with small channels
filled with coarser granules, (Fig. 13) possibly facing east. Fig. 15
' iT]ustrates a greywacke bed with flame structures and siltstone breccia.

" "The Moine succession (older than the Da1radian)

. Leaving Macduff we travelled through Inverness and Tain to
Lairg (Fig. 2). Near here we briefly inspected outcrops of gneisses
belonging to the Moine succession (Fig. 16). ATthoughlthe Moine in some
'Aéreaé contains metasandstones-disp]aying cross-beddihg (Williams, 1966),
. in this outcrop there was no eVidence.of the presefvation Qf bedding or
‘ahy'other sedimentary structures. The rocks are medium.graihed quart;oe .
~fe1dépathie gneissee with b]ack.micateous laminations (Eig; 17). They

~gave the impression of a much higher grade of metamorphism than the



Fig. 15. . Flame structures in coarse metaéreywacke bed,
involving the underlying si]tstonE,i.The metagrey-
wacke also contains angular Si]tstone clasts.
Macduff Slate (upper Dalradian) in coastal exposures near
Macduff, Scotland; Pen for scale is 14 cm long.
Neg. No. 27094. |
Fig. 16. Outcrop of quartzofeldspathic gneisses of the
~ Moine succession, in the vicinity of Lairg, Séot]and.
Neg. No. 27095.
,Fig: 17. . A]terﬁating micaceous aﬁd quartzofeldspathic bands
in medium grained gneisses of the Moine succeséion,
in the vicinity of Lairg, Scotlénd. Pen for scale
is 14 cm long.
Neg. No. 27096.
Fig. 18. .  Alternating bands of metasandstone and phyllite in
the}Moine'sdqcessioh at Coulin Lodge, near Kinlochewe,
-Scotland. The bands areA1enticu1ar and appear.toAresu1t_
from the transpositiqn of bedding. Pen for sca]e is
14 cm long. j
- Neg. No. 27097.






Fig.

Fig.

Fig.

~ Fig.

20.

f21..

22.

Flaggy, pale brown weathering dolomite with

-silty Timestone interbeds, ("tiger rock"),

Appin Limestone, Appin Group (Tower Dalradian)
in coastal exposures at Ornich, Scotland.
Neg. No. 27098.

Strongly cleaved phyllite with well preserved

bedding lamination, Appin Phyllite, Appin Group

(Tower Dalradian), in coastal exposures at.
Onich, Scotland.
Neg. No. 27099.
Interbed of flat pebble breccia ]iméstone ‘
in Appin Phyllite, Appin Group, G]ower DéTradfan)
in coastal exposures at Cnich, Scot]and.
> Neg. No. 27100.

Pen for scale is 14 cm long.

~ Dolerite dyke intruding white quértzite interbed
in Appin Phyllite, Appin Group (Tlower Da]fadian),

- in coastal exposures at Onich, Scotland.

Neg. No. 27101.






Fig.

- Fig.

Fig.

Fig.

24.

- White medium grained quartzite with trough cross-

bedding, Appin Quartzite, Appin Group, (lower

Da1radian) in coastal exposures at Onich, Scotland. .

- Pen for scale is 14 cm long.

Neg. No. 27102.
Outcrops of massive white Eilde Quartzite in the
Leven River, near Kinlochleven, Apbin Group (Tower
Dalradian), Scotland.
Neg. No. 27103. |
Pebb]y'interbed in the Eilde Quartzite (near its base),

Appin Group, (lower Da]radian), exposed in the Leven

‘River, near Kinlochleven, Scotland. Pen for scale

is 14 cm long.

Neg. No. 27104.

* Section in the Leven River spanning the contact

between the Tower Dalradian Eilde Quartzite (at right)

and the Eilde Flags (at left), regarded by_some as

j belonging to the Moine succession, near Kinlochleven,

~ Scotland.

Neg. No. 27015.
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Da]radian. Some days later we briefly saw more of the Moine Succession

at Corrieshalloch Gorge near Ullapool (Fig. 2), hefe cdnsisting of gently
dipping but éonsiderab]y recrysta]lized-metasandstone. Again at Coulin
Lodge, near Kinlochewe (Fig. 2)»outcrops of Moine metasediments show
evidence of complete destruction of Sedimentary structures by defokmatibn;
Hére lenticular bands of coarse feldspathic metasandstone alternate

with dark, phy]]ific metasiltstones, 1-5 cm thick. The lenses are probably
remnants of transposed'beds, noW aligned parallel to the séhistosity

(Fig. 18).

" The Appin'@roup

The Tower Da]radian'Appin Group was examined in some detafl in
coasté] exposufes in the vicinity of Onich (Fig.‘Z),’ Unlike the upper
. Dalradian turbidites of the Macduff Slate, the Appin Group consists mainly
~ of shallow water sediments}- metamorphosed siltstones, dolomites and pure
quartzites. Our section commenced in the generally east dipping but west
- facing Appin Phyllites, a.hjghly deformed sequence of dark grey, massive
to poorly bedded metasiltstones, with interbeds of phyllitic siltstone 4
- and metasandstone. These pass down into calcareous siltstones with
thin_brown weathering dolomite and quartzite interbeds, sometimes with
sTump structures, and then into pale grey flaggy limestone (Appiﬁ Limestone)
with silty interbeds. This sequence contains tight isoclinal folds, and
in places pods of dark grey silty limestone in phyllitic siltstone. It
waéinot certain if'this was a sedimentary feature or due to tranéposition
of bédding. .The~"tiger fock" (Fig.‘IQ) is a flaggy, pale brown weathering
'1d§10mite with silty limestone interbeds, again with isoclinal minor |

folds. “Underlying phyllitic siltstones are highly cleaved but have well
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preserved bedding Iéminations (Fig. 20), dipping stéeply we§t. Small cut-
and-fi]1 structures ahd graded bands indicate a west facing. Dolomitic
~interbeds are tightly fo]déd and boudinaged. Whjte,'medium gkained
quartzite interbeds have west-facing cross-laminations. There are thin
interbéds of flat—pebb]e-breccia']jmestone (Fig} 21) and sandy cross-
bedded 1ihestdne§ facings change on the 1imbs of isoclinal folds, as
indicated by trough éroés-bedding, ripple marks, and erosional chanﬁe]s
fi]]ed with flat pebble breccia dolomite. Dolerite dykes with ophitic
" texture intrude therséquence, both at this point and also in the underlyihg-
| quartzites (Fig. 22). |
| | The under]ying Appin Quartzite is a pale pink, medium grained
" clean quartzite with repeated thin intérbeds-of cream dolomite, cUt‘py
- several small bodies of acid pdfphyry. The dolomitic sequence continues
downwards tola sheared contact with very maséive white clean quartzite
with west-facing cross-laminations, again cut by doierite.- Sedimentary
structures-inclﬁde trough cross-bedding, slumps énd channe]s_(Fjg. 23).
The phyl1litic, pyritic, crenulated black Ballachulish Slate

.underlies theAquartzite, followed by the Bé]]achu]ish Limesfoné, here
df consisting of‘ micaceous and calcareous schist wifh interbeds of dolomite.
On-fhe éast 1imb of a syncline, the quartzite is directly in éontact with
the Leven Schist of the underlying Lochéber*Supgroup; the intervening
Ballachulish Limesfoneland Slate were faulted out by the Ballachulish
S1ide, prior toAfolding. -

| .The lTowest Beds,of the Dalradian (Lochaber Subgroup) were
examined 1n‘the>Leven River near Kinlochleven, on the west limb of fhe
B]ackWateriSyaner The structura]lgeo]ogy of this area is describéd

in some detail by Treagus, (1974). Our section commenced just east of
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K1h1och1eveh,‘fh the Binnein Quartzite, a clean, white, blocky quartzite
S with well oreserved cross-lamination. There is a‘transitfon into the
" underlying Ef]de Schist, a dark, graphitic mica schist, then 1nto the
Eilde Quartzite (Fig. 24), consisting of massive to blocky, well bedded,
:medium grained white to pink quartzite with well preserved bedding
- Taminations and trough cross-bedding. The facings observed were consistently:
- to the north-west. Some foresets were oversteepened by slumping. Lower
in the sequence the beds become vertical, and are intruded by hasic
dykes. The underlyihg more»flaggy, quartzites with interbedded schists .
(Fig. 26) (Eilde Flags) are considered by many workers to belong to the
Moihe-succession,-the base.of the Dalradian coinciding with the base of the
Eilde Quartzite (Harris & Pitcher,'p.58).‘»A pebbly lens, hith.granules.up
to 2 cm of quartz and feldspar (Fig. 25), occurs near what is taken as
the base of the Eilde Quartzite. The oeds above'and_below this’pebbly
" lens are all concordant, and cross-beddihohihdgééﬁes?ddehtica] facings.
The cohtact between the Eilde Quartzite and Eilde Flags appears quite con-
formab]e, and indeed.arbitrary to pick. 1 thereforekfind it hard to
accept that the Eilde Flags below it should be assigned to the Moine,
especia11y as certain pegmatites intruding-the Moine elsewhere are over
700 h.y. old (Van Breehen, Pfdgeon and Johnson; 1974). Dunning (1972)
discussed evidence that at least part of the Moine is older than 800 m.y.
and 1t may -have been metamorphosed prior to the deposition of the | .
* Dalradian. -An unconformab]e relationship between the Moine and Da1rad1an
might therefore have been expected, but most of the contacts are tectonmc

The Ba]]achullsh Slate was further exam1ned in the slate quarry |
of thet name. It is a very darh grey-banded or laminated, in part mass1ve,‘

phyllitic slete_with abundant pyrite.  An 1rregu1ar'isoTated fragmeht of .



Fig.

Fig.

Fig.

Fig.

28.

29.

30.

Lenticular block of dolomite in black Ballachulish’

STate, Appin Group, in Ballachulish Slate Quarry,

Ba]]achu]ish; Scotland. Pen for scale is 14 cm long.
Neg. No. 27106

ang]oherate of probable mudflow 6rigin in Easdale

Slate, Argyll Group (middle Dalradian), in wave-

cut platform at Ardnamucknish Bay near BEnderloch, Scotland.

)

Neg. No. 271C7. s
Another outcrop of the same'cong16mérate; here
containing reworked angular fragments of grit, slate
and conglomerate.

Neg. No. 27108.

Laterally-Tinked stromatolites grown over an erosional

* surface in trough cross-bedded dolomites, Bonahaven

Dotomite, Argyll Group (middle Dalradian), Bonahaven,

Islay, Scotland. Pen for scale is 14 cm long.
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.do1omite withih the slate (Fig. 27) proved enigmatic; possibly it slumped
'1nto the basin during depos1u1on ' |
- The Cu11 Bay Slate, of the Blair Atholl Subgroup seen at Cuil
Bay-fs the youngest unit exposed in the Appin Syncline. It consists of

black slates with occasional limestone marble interbeds.f-Bedding

"‘1'1amjnations are only locally visible in these highly cleaved and crenulated

rocks. On the north shore of the bay, the under1y1ng App1n Quartz1te

E _and dolomitic ]1mestones are exposed

"The Argy11 Group

The Easdale Slate, possibly of Early Cambrian age, exposed at
AAAronamuckn1sh Bay near Benderloch (F1g 2), consists of black slates
with_grey Timy 1enses F1ne bedding laminations, often sandy, are t1ght1y
folded. The slates show a crenulation cleavage as we]] as slaty c]eavage.
. Gritty and pebbly interbeds contain blue and purple quartz. ‘A cong]o-'
© merate conta1ns rounded pebbles up. to 30 ¢m in d1ameter (Fig. 28),Aand
redepos1ted clasts of grit or conglomerate (Fig. 29). This sed1ment is
'.described and interpreted as.a s]uﬁp breccia by Litherland (1975), who
‘t a1so-rec0rded oncolites and catagraphia in limestone clasts.
| '_The overlying-Craignish Phyllite, a greeh chloritic phyllite
with 1rregu1ar‘$tring$ of quartz a1onglthe cleavage occurs at Ardrishaig
(Fig. 2). :The Crinan Grits here comprise isoc]ina]lyhfo1ded quartzite
interbeds in sch1st » o | |
lglgx_(Gu1de Dr. Roy Macgregor)
| _ From Tarbert we - trave]]ed by ferry to Port E11en on the island
"of Istay (Fig. 2), on which we examvned parts of the 71atest Precambr1an

IsWay Subgroup. The Bonahaven Dolomite at Bonahaven is 1arge1y stromatoj

: :11t1c and was samp]ed by M.R. Valter and myse]f ,The stromato]]tes

BRIt N



Fig. 31. | Margin of a stromatolitic:bioherh, with flat bedded
- -dolomite Tapping on to 1t? in Bonahaven Dolomite,
Argyll G}oup (middle Da]radian), Bonahaven, Islay,"
Scotland. Sca]e,graduated in cm.. |
| ~ Neg. No. 27110.
Eig;f32,A '_ Stromatolitit dolomite with closely spaced pseuddcp]umns
| - and columns (ca1¢it1c) and with-do]omitic 1ntersbacess.
Bonahaven Dolomite, Argyll Group (middle Da]radian);
Bonahaven,.ls]ay, Scotland. . The pen for scale is 14 cm
“long. | | |
| | Neg. No. 27111.
- Fig. 33;" A bed of tuberous, divergent1y brénching columnar
| | stromato]ites'with even Tamination in a highef
stratigraphic position in tne Bonahaven Do]omiﬁe,
Argy11 Group (middle Dalradian), Bonahaven, Islay,
Scotland. The pen for scale is 14 cm long.
Neg. No. 27112. |
Fig. 34; Margin of a small stromatolitic bioherm of inclined
| columns and pseudocolumns, surrounded by od]itic
dolomite,-Bonahaven Dolomite, Argyll Group (middie 4
Da]radién),.Bonahavén, IsTay, Scotiand. The pen
for scale is 14 cm Tong. |

- Neg. No:. 27113.‘






were first described by Hackman & Knill (i962)_then by Spencer & Spencer

',_(1972) A typical growth sequence observed at Bonahaven commences as

- 1atera11y—11nked mounds over small-scale trough cross- bedded do]om1te,

‘the contact is an eros1ona1 surface (F1g 30). The overlying bed
’contains small bioherms of closely spaced columnar stromato11tes, the
co]umns varying from 2 to 7 cm in diameter, and having steeply domed 1am1-
nations. Columns are Trequenu1y ca1c1t1c, with do]om1t1c 1nterspaces
(some Taminations are also dolomitic) (Fig: 32) A sdmewhat larger bioherm
~conta1n1ng pseudoco]umnar stromatolites (F1g 31) 1s 1apped on to at its
‘margin by flat bedded carbonaﬁes An upper stromato]1t1c dolomite
contains markedly divergently branchfng,‘we11‘defined cqumns with an
even, almost banded, lamination (Fig. 33). Other forms include bioherms
_w1th inclined columns rest1ng upon and surrounded by cross~bedded oolitic
do]om1te (F1g 34). A lower member of the Bonahaven Do]om1te contains
’Lb1ack slates, which were samp1ed for acritarch stud1es
At Kiells, the Islay Limestone of the Blair Atho]] Subgroup,
wnieh under11es the Port Askaig Tillite, is a black oolitic limestone
~grading down 1nto s11ty black 11mestone | |
| The bou]der beds of the Port Aska1g T1111te were observed '
:‘ near Kie]]s and at Port Askaig. Near K1e1]s, a thin, sandy, dolom1t1c
' “boulder bed contains-abundant clasts of buff-weathering do1om1te, |
" apparently der1ved from the underlying dolomite bed; and is structura11y
repeated 1in a comp]ex outcrop pattern by fau1t1ng In-places, an
erosional surface is visible between the boulder bed and the under]ying.
dd1omites (top part of the Is]ay‘LfmeStone)} The dolomite 1oca}]y

contains intrafonmatipna1 f]atfpebble breccia, and one 20 cm wide



- Fig. 35.

Fig. 36.

© Fig. 37.

© Fig. 3.

. A broad stromatolite ¢o1dmn in dolomite 6f the
Islay Limestone, Appin Group, (1ower Dalrad{an),

'*fmmediately'under1ying the boulder beds of the

Port Askaig_Ti]]ite. Exposure near Kiells, Islay,

| Scotland.._Thé pen for scale is 14 cm long.

‘Neg. No. 27114,

Massive doTomitic, sandy boulder beds at the base of |

the Port Askaig Ti]]ite;’many of the carbonate pebbles
derived from the under]ying Islay Limestone have been.

weathered out. bArgyll Group (middle Dalradian), in

exposure near Kiells, Islay, Scotland.

Neg. No. 27115.

| Db]omitiq grit and pebble beds, with a thin ironstone
© band (dark band just below peh) with cleaved
diamictite at the fdp. Port Aékaig Tillite, Argyll -
‘.: Group (middle Da]radian),_in'exposure near Kie]]s;

. 'Is1ay, Scdtland.-'The pen for_sca]e’ig 14 cm Tong.

Neg. No. 27116.

.Quartz1te (below) interbedded in the Port Askaig T1111te,

‘ Argy]] Group (m1dd1e Da]rad1an), at the Port Aska1g

pier, Is1ay, Scotland Bedded d1am1ct1te appears

h1gher in the sequence (above the te]egraph po1e) wh11e o

- massive diamictite is seen in surrounding coastal

. exposures. .

MNeg. No. 27117.






Fig. 39. -

~ Fig. 40.

Fig. 41.

~ Fig. 42.

Cleaved massive diamictite containing scattered

pebbles and boulders of pink gnanité (with Tittle

mica), PortlAskaig Tillite, Argyll Group (middie

‘Dalradian), in coastal exposure near Port Askaig,

Islay, Scotland.A The scale is graduated in cm.
© Neg. No. 27118.

Imbricated thrust siices of bedded Durness Limestone,'7

~within part of the Moine Thrust zone, Loch Eriboll,

Scotland. The exposure illustrated is about 2 m high.
Neg. No. 27119.

Exposure of much less deformed Cambro-Ordovician

shelf sediments; immediately west of and below the

Moine Thrust zone, Loch Eriboll, Scotland. At the

top, some 5 m of Durness limestone are visible,

over]ying % m gritty sandstone,. then cleaved siltstone.

Massive white quartzite with worm burrows occurs at the

base. |

Neg. No. 27120.

Part of a road cutting exposure of Cambrian ”pipe-rock"

a white and reddish quartzite with vertical worm

. burrows, flared at the top. Skiag Bridge, Loch

Assynt, Scotland. The pen for scale is 14 cm long.

Neg. No. 27121. -
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strométolite column was ob§erved (Fig. 35). The basal do]om1t1c bou]der
bed has a gr1tty, sandy matrix and conta1ns angular dolomite clasts N
(Fig. 36). It is overlain by a pebbly do]om1te, including an-impersistent
.3 ;m(thick i}onétone band; followed by a bebb]y'diamictitgzwith a
cleaved, slaty matrix. The uppermost bed 1s.§gaigia;¢o1omitic grit with
- reworked do]bmite clasts (Fjg. 37). At Porfngkajéhé‘c]eaved, unbedded
'diamiCtite contains scattered Qranite bou]dersiin a schistose matrix
(Fig. 39). Just above the Port Askaig pief, a medium to fine grained blocky
quartzite underlies the diamictite, with’a discordant (erosional or
faulted) contact (Fig. 38).

After leaving Islay, we travelled by ferry to the island of
Arran (Fjg. 2), where we briéf]y observed part of the Southern Highland
Group, here consisting of 30 cm thick beds of impure dark grey sandstone
\‘fnterbedded with 10 cm thick dark grey micaceous siltstones, éqused
about 1 km west of Sannox. These beds are ahbrdximate equivalents of

the Macduff Slate.

THE TORRIDON AND STOER GROUPS AND THE LOWER PALAEOZOIC SEQUENCE
WEST OF THE MOINE THRUST

' Durness Area (F1g 2) |

| Geo]og1c relations at Loch Er1bo]1 near Durness were br1ef1y
examined. Here thrust1ng in an imbricate zone (part of the Moine Thrust
Zone) has 1nvo1ved Moine rocks (which outcrop predom1nant1y to the east
of the thrust), and the Cambrian shelf sediments which are re]at1ve1y
undeformed west of the thrust.. The Durness Limestone is here a flaggy
pa1e grey.1jmestone with sty]o11t1c partings, recrystallized and h1gh1y‘
veined with calcite. West-vergent recumbent folds and thrust slices are

visible in the imbricate zone (Fig. 40); structurally below this the .



Ejg.

Fig.

Fig.

Fjg.

45,

46.

View of transverse sections of worm burrows on bedding

plane. Cambrian "Pipe Rock", near Skiag Bridge, Loch

~ Assynt, Scotland.

Neg. No. 27122.

Cambrian Fucoid Beds - brown fine grained bioturbated

;sandstones with black shé]y films, near Skiag Bridge,

Loch Assynt, Scotland. The pen for scale is 14 cm 1ong. 
Neg. No. 27123.
Tﬁght isoclinal folds in Lewisian gneisses exposed
in wavecut blatforms at Stoer Bay, Scotland.
Neg. No. 27124,

Wavecut platform exposure of the basal unconformity

- of the Stoer Group (breccia of coarse gneiss fragments

at left) on Lewisian gneisses (at right). There is

- considerable relief on the eroded basement surface.

Stoer Bay, Scot]and}_

Neg. No. 27125.
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- beds ére jéss deformed, though siitstone interbeds are stiT] highly .
cleaved, and fhe_]imestbne dips consisténtly west at about 309, overlying
. Cambrian beds. The fo]1§wihg section wés“observed, seen partly in Fig. 41.
': Idp: Durnesé Limestone Pa]e;grey;f]éggy 1imestone,_inc1udjng‘beds with |
’ | cryptalgal lamination, intraformatfona] breccia,
'(Ofdovi¢ién) - { and Tow domed.sfromatoTites;'

- _L1mesrone with irregular 2-5am diameter burrows

. and with the Hyo]Ith1d SaZtereZZa

| (Cambfian) fSerpuZite Grit" Gritty sandstone, % m.

‘and Fucoid Beds" O0live grey slaty si]fstone, 2 m,

'“Pipé Rock" ~ Massive c]ean wh1te quartz1te w1th vertical worm

- burrows. Very 1arge scale cross-bedding.

At Sk1ag Br1dge near Loch Assynt (F1g. 2), the "Pipe Rock“ was

Aaga1h examined. Some of the worm burrows 1ﬁ tHe'quartzite are trﬁmpet-.
shaped, ‘with f]ared openings at the top (Figs 4z, 43). Some have

>'Areddened iron oxide-rich Tinings. The over1y1ng "Fucoid Beds" are brownA..
fine gréined‘bioturbated sandstonés with black shaly films, origina]1y
thqught.to.be'of algal origin. (Fig. 44).
- Stoer'Bay (Fig. 2) |
‘ West of the Moiné Thrust, two-major unmetambrphosed late Pfe-
cambrian redbed sequencéé-resf.uhconformab1y’on the older Precambrian |
(Lewisian) gneisses. The Tower of these, the Stoer Group, examined in its
jtypé area aﬁ Clachtoll, Stoer'BayA(ng.-2),:”consists of over 2 km of
:;ﬁ-unmetamorphosed.ked beds", resting “on a fossil Tand surféce with feliefj:_
T of up-to'4QO mﬁ'_n.Lc‘ewisian.grﬂeiss"l (Stewart, 1975): The basa]’uhcopformity
~with‘a breécié_of angu]ar'gneiss fragments, 1yihg-oh an frregu]ar‘baséhent

surfabe, is well éxposed on wave-cut platforms (Figs. 46, 47). The



Fig.

- Fig.

-Fig.

- Fig.

47,

48.

49,

50. -

BaSaT breccia of the Stoer Group resting unconformab]y

_,on,eroded Lewisian gneisses in wavecut platform at |
* Stoer Bay, Scotland. The pen for scale is 14 cm 1ohg;}énd

" marks the unconformity.

Neg. No. 27126.
Small irregu]ar'?stromatb1itic mounds in thin Timy .
intercalations in fine grained red silty sandstohes,

Stoer Group, Stoer Bay, Scotland. .The pen for scale ié

" 14 cm long..

Neg. No. 27127.

~ Mudcrack poiygons in well bedded red'si1ty.fine grained

sandstones, Stoer Group, Stoer Bay,<Scot1and. The scale

is graduated in cm.

Neg. No. 27128. - |
Very 1argé mudcrack pd]ygons in well bedded réd.si]iy
fine grained sandstones, Stoer Grbup,iStoer Bay, |
Scotland. =~ |

Neg. No. 27129.






Fig. 51.

Fig. 52.

- Fig. 53.

Fig. 54.

beds.

The Stac Fada Member, a yo1kanic mudflow breccia

(dark on the photograph) ovér]ying,gpd partly

intruding flaggy red sandstones of the Stoer

Group, Stoer-Bay, Scotland. An ‘intrusive tongue

of the breccia at 1eft'wedges out between sandstone

Neg. No. 27130.
Alsequence'of intercalated flaggy red sandstones and .
siltstones of the Stoer Group, Stoer Bay, Scotland.
Neg. No. 27131.

A thin interbed of cyptalgalaminated 1imésfone

- from which microfossils are known, in red sandstones

of the Stoer Group, Stoer Bay, Scotland. The wispy

red Tamination is reminiscent of the stratiform

strematolite Malginella seen in the Urals. The pen

fdr scale is 14 cm long.

Neg. No.-27132.
Gritty and pebbly sandstone near the base of the
Stoer Group, lapping against large rounded boulders'
ofALewisian.gneiss,lin wavecut p]at%orm eprsure‘
at Enard Bay, Scotiand.A ’

‘Neg. No. 27133.
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underlying Lewisian gneisses are tig“t1y fo]ded (Fig. 45) The breccia
is overlain by red sandstone, 1nc1ud1ng thin, lenticular limy bands (1ess
than 2 cm 5h1ck) w1th crypualgal lamination and very low stromat011t1c
‘bumps (Fig. 48). The sandstones are silty, fine grained, poorly sorted,
red;brOWn in colour, and well bedded. Red silts and fine sands persist
_upward, and large, complex mudcracks become prominent (Figs. 49, 50).
This unit is}overlain by red, cross—bédded sandstones of fluviatile origin;
containing pebbles up to 10 cm. Beds 0.2 to 1.0 m thick display trough cross-
beddihg with pébb]y layers.

' The Stac Fada Member, a marker horizon within this sequence, is
interpreted as a volcanic mudflow. It is a fine sandy,'hematitic, ill-
sorted red-brown volcaniclastic sediment containing rock fragménts,
1api11i,_and_glass shards. Pink feldspar grains give the weathered surface
a hénéycomb texture. Sandstone beds below the mudflow are partially
d1srupued ‘as wedges of it were driven into its substrate (Fig. 51).

' The over1y1ng red sandstone-siltstone sequence (Fig. 52) jnc]Udes
a thin grey shale which has yielded microfossils, perhaps marine phytoplankton
(Cloud & Germs, 1971). A thinly 1aminated (?cryptalgal) limestone
interbed a few centimetres thick also yielded a microflora (Downie, 1962)
~ The wispy Lth red Taminae of this limestone (Fig. 53) were highly
reminiscent of Malginella maZgzca, a stratiform stromato11te, seen in the
Ural Mountains of the USSR.

‘ Moorbath (1969), obtained a Rb/Sr who]e rock isochron from a red
_shaie within the Stoer Group with an age of 935+ 24 m.y. and initial rat1o

© 0.7086 + 0.0016 (x = 1.47 x 10 yvrs.).




Fig.

Fig.

Fig.

| Fig.

58,

Very large Sca1e croés—beds in fe]dspathic sandstonés
of the Stoer Group, Enard Bay, Scotland.

Neg. No. 27134,
Red,fe1dspathic.sandstones of the Aultbea Formafion,
Torridon Group, unconformably overlain by ca]careoﬁs

breccia of the Triassic New Red Sandstone sequence,

- in coastal expoéure near Udrigle, Scotland.

Neg. No. 27135.
Large sTump rolls (up to 2 m thick) in reddish
feldspathic sandstone of the AuTtbea Formation,'

Torridon Group,. in coastal exposure near Udrigle,

- Scotland.

Neg. No. 27136.

Basal breccia of the Diabaig Formation, Torridon

Group, at Gairloch, Scotland. The scale is

_graduated in cm.

Neg. No. 27137.
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‘Enard Bay (Fig. 2)
" Part of the Stoer Group exposed at the southern end of Enard

Béy consiéts~of massive red sandstone beds with steep forésets some -
2 m high (Fig. 55). At the base of the succession, gritty sandstone is
“,seen'to Tap against large, rounded bou]ders df.Lewisian gneiss (Fig. 54).
In places, the gneiss boulders are concentrically draped with red
: laminated liméstone; possible interpretatjons for this include fossil
calcrete crusts or stromato]ific mats coating the'qu]ders. A horizontal
nsection of a fossil cliff talus, expoéed in the wave-cut platform,
¢onsists of large disoriented bouiders set in a matrix.of smaller cobbles.
This occdrsiagafn on the north side of a head]énd, but is here under]ajn
’ :by the Stac Fada Member volcanic breCcia with laminated 1api]f1. The
' .Member is lenticular here, owing to the relief on the basement SUrface;

o The Torridon Group, which disconformably overlies the Stoer .
Group is subdivided into the following four formations: o
' po:V Cailleach Head Formation
 Aultbea Formation -

Applecross Formation

- Base: Diabaig Formation
;The stratigraphy, sedimentology and relations of thesé units .are discussgd_
byIWiT1iams (1966) and Stewart (1975); Small outcrops seen a few kilo-
_metres-ih]and from Enard Bay include gritty;‘pebbly feldspathic sandstone
', with red granules (either Diabaig or basal Applecross). )

I'Laide - Udr1g1e Area (Fig. 2).

" Here the Au1tbea Formation is well exposed in wave- cut p]atforms,
and consists .of well Taminated deep pink fe]dspath1c,Amed1um gra1ned _
~ quartzitic sandstones.. In places the bedding is outlined by black heavy

_mineral bahds. Some beds are strqng]y_contorted by slumping, (Fig. 57)
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~affecting beds up to 2 m thick, ahd over]ein by f]et unaffected beds.

A caTcarequs cemented'breccie of angular sandstohesfragments unconformabTy
"overlies the tilted beds of the Torridon Group; the breccia is part of
A.the local Triassic New Red Sandstone sequence (Fig. 56).

‘ Ga1r10ch Area

Coasté] exposures at Gairloch (Fig. 2) include massive fine
_grained sandstone with interbeds of dark grey,'micaceous coarse ,siltstone
(Dfabaig). The basal unit of the Diabaig Formation, exposed just onshore
- at Gairloch, is a breccia consisting of'vefy angular fragments of quartz,
‘sehist,‘gneiss and jasper in a sandy, silty matrix (Fig. 58).

’Pink coarse grained arkose with red fresh feldspar granu]es up
to 2 mm, and heavy minera]l1aminated cross-bedded medium-grained sandstone
seen near Loch Maree (Fig. 61) belong to the Applecross Formation (Fig. 59).
Dark greenishfgrey sandstones containing fresh hornblende and feldspar
and coarse medium-grey siltstones are interbedded. Moorbath (1969)
obtained a Rb/Sr isochroﬁ of 751. £ 24 m.y. for red shales of the App]ecross
and Cailleach Head Format1on§ with 1n1t1a1 Sr87/Sr86 ratio of 0.7216 %

-11

10.0019 (1 = 1.47 x 107" years).

" "Loch Damh Area (Fig. 2)

At Balgy Bridge over Loch Damh, there ake exposures of coarse
basal sandstohe of the Diabaig Formation, with minor pebbles of quartz,
“red Jasper, fe1dspar and red sandstone rest1ng unconformably on
Lewisian gneisses. A coasta] section shows the same basal D1abawg gr1ts
-abutting against a steep erosional surface on the basement. Away from
the unconformity, the sandstone becomes flat-bedded with finer and fewer

 pebbles. Graded bedding -is probably,due to sheet flooding on a river

flood plain. The overlying sediments are.gre hish:egd.dark grey platy




Fig. 59.

Fig. 60.

- Fig. 61. .

Fig. 62,

‘Coarse grained arkose of the Applecross Formation,

- Torridon Group, near Loch Maree, Scotland. The

pen for scale is 14 cm long.

Neg. No. 27138.

| Dark grey siltstone interbed in the Diabaig Formation,

Torridon Group, including a thin phosphorite lens

(weathered in relief ,centre of_photpgraph),Anear
Balgy Bridge over Loch Damh, Scotland. The pen for
scale is 14 cm long.

Neg. No. 27139,
View across Loch Mareé to Mount Slioch, Scotland,
showing a capping of the Torridon Group rocks over
Lewisian basement. | |

Neg. No. 27140.

‘Pleistocene boulder clay exposed in road cut near

" . New Galloway, Scotland.

Neg. No. 27141.




Fig. 59




]  . Fig. 63. Quarry exposure of the Caradocian (Ordovician)
o N Stinchar Limestonelnear Girvan, Scotland. The
limestone occurs in beds dippiné,tg the right>a£
the right of the photograph; it is faulted against
a graded greywacke sequence at left, fn turn
faulted against.serpentinite.

| Neg. No. 27142.

. ',Eig;l645 © Ovoid Girvanella oncolites in'shelly,bioclastic‘
PR ‘limestone, Caradocian Stinchar Limestone, in

quarry near Girvan, Scotland‘-fThe.pen_for scale is

- 14 cm long.

o+

Neg. No. 27143. :
.;519; 65;-' “'Shelly and partly oolitic bioclastic limestone,
o  Caradocian Stinchar Limestone, in quérryinear |
. Girvan, Scotland. Lens cap for scale 5.3 cm in
diameter. |
» Neg. No. 27144. . »
:Fjg{l66;f “.'/-Graded'beddihg in greywacke exposed in limestone
‘ ~ quarry near Girvan, qutlahd. The pen for scale
is 14 cm ang.. -

" Neg. No. 27145,
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~ fine grained sandstone and coarse micaceous's{ltstonel A lens of black .
: phosphorite,: % to 1 cm thick (Fig. 60) wae samp]ed for miérofossi]s._
The basal part of the overlying App]ecrose'Formation,'a coarse red
‘1:fejdspethic Fandstone with trough cross;bedddng; is exposed nearby.
:' » |
- _ PALAEOZOIC CARBONATE ROCKS OF SOUTH-WEST SCOTLAND
“Girvan (Fig. 2) |
The Caradocian (Ordovician) Stinchar Limestone is expoeed in
a quarry near_Girven, together with fault wedges of greywacke and
"serpentinite (Fig.‘63). The Timestone contains an abundant she]Ty fauna
(Fig. 65) together with oolites and scattered Giruvanella oncolites
(Fig; 64), whfch tend to be of irregular outline.rather than circular.
. The Timestone is faulted against a graded greywacke sequence (Fig. 66),
in turn in fault contact with a serpentinite.
In the vicinity of New Galloway (Fig. 2), one of many exposures .
-of Pleistocene till was photographed. It is a gr1tty boulder c]ay with.

‘numerous facetted and striated pebbles and cobb]es (Fig. 62).

t'f‘Langho]m'Area (Fig. 2)

| Ear1y,Carbohiferous carbonates are poorly exposed in stream beds
at Blackbdrn near Lehgholm. A pale brown weathering limestone contains
columnar brahching stromato]ifes 5 to 7 cm in diameter, seen in transverse

section. Some bedd1ng planes contain probable gypsum pseudo morphs . At

o arras Water, 8 km south of Langholm, a sequence of dark grey flaggy do]om1tes

and 1nterbedded sha]es is exposed (F1g 67). These sed1ments all be]ong
to the Lower Border Group (Leeder, 1975) ,; former]y referred to as the

Cementstone Group Leeder (1975) described the morpho]ogy and palaeoeco]ogy

" of the stromato]1tes.



Fig.

Eig_'

g

67. .

o Fig. 69.

70,

i

"Flaggy dolomites with ihterbeddedAblack shales
. }

"'of the Cementstone Groué (Lower Border Group), Upper

Visean, Tarras Water , 8 km south of Langholm, Scotland.
Neg. No. 27146.
Pillow lavas of the’L]anddwyn Spilitic Formation,

exposed on beach at Llanddwyn Bay, -Anglesey, Wales.

The pillows indicate a south-east facing (to the right).

Neg. No. 27147,

Cherts between pillow structures in the L]anddwyn

| Spilitic Fbrmation, Llanddwyn Bay, Anglesey, Wales.

The pen for scale is 14 cm long.

Neg. No. 27148.

' Lenticular’oo]itic‘red‘chert interbed in hjgh1y>.

cleaved limestone (?Gwna Limestone), Anglesey,

" Wales.. The pen for scale is 14 cm long.

Neg. No. 27149,
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PRECAMBRIAN ROCKS OE NALESiAND THE WELSH BORDERLANDS
:
' A late Precambrian euge@sync]{na1 compiex, the Moniaﬁ Supergroup
~ (Shackleton, 1975) wasexamined in:coastal exposures on Anglesey. Shackleton,

Jx;‘(p;77) records the following succession;on Anglesey:-

Y Eyd]yn Felsitic Formation (50 m)

" GHNA GROUP (3 000 m)

| ‘  Tyfry Formation (purple grits)
" Gwna Me]ahge Formation:(breccia with orthoqdaﬁtzites;
) Timestone, pillow lava)

| i 'Ceinwen and Llanddwyn Spilitic Formation (300 m)
; ': ;;: Pelitic beds | |

.t'}i.,.Engan Spilitié Formation (500 m)

" pelitic beds

‘:lifi'Trlp]e "Group" Formation (1limestone, graphitic pe11te and

orthoquartz1¢e) . .,;.. o

" SKERRIES GROUP (500 m)

L includes Church.Bay.TuffAFormation.and.Skerries Formation.

" . NEW HARBOUR GROUP (2 000 m)

. (pelites .and. sem1pe11tes with p111ow 1avas) o

Rhoscolyn Formation (700 m) (turb1d1tes)
‘Holyhead Quartz1te (500 m) (orthoquartz1tes)
f‘South.Stack.Format1on.(250‘m)u(turb1d1tes) .............

iThe Llanddwyn Spilitic Formation is exposed on a sandy beach

.‘ahd']ow cliffs at Llanddwyn Bay near Newborough. Fine grained*greén

" soda-rich basalts contaih Well'deve]opea, south-east facing pi]kpw.
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A

. structures (Fig 68). Thin bands of red Jasper ‘and rare lenses of b]ack
- .-,chert occur between the pillows (Fig. 69)5..The latter were sampled
. by Dr. Muir for m1crofoss11 study A sequence exposed in low c11ffs

‘ " contains cong]omerates of green basalt fragments up to 5 cm long, partly

|

. angu]ar, set in a matrix of vo]can1c detr1tus, possibly tuffaceous.

These are followed by green slates wtth11nterbedded greywackes with much

-”'_-'volcanic detritus and some -thick graded beds. Steeply plunging folds have
B '7ii'an axial plane slaty cleavage. A red spherulitic chert occurs in 1enses

1.1n a highly cleaved greenish-grey limestone and purple ?tuffaceous si]tstones

(Fig 70). Sim11ardlimestone is exposed nearby 1nterbedded with silty

“limestone and pure white limestone, all considerably sheared and

"?“_t recrystallised (Gwna Limestone).

At Cemaes Bay, on the northern shore of Anglesey, the Gwna Melange is

T well exposed in coastal cliffs. It is interpreted as a submarine slide

i ‘r“fpl'breccia or olistostrome (Shackleton, 1975) and contains large masses of white

Ce ad?;-orthoquartzite and carbonates in a foliated matrix of sheared and comminuted
i fj' fdne grained, silty, micaceous lithic sandstone (Fig. 73). Contacts of

; le the quartzite blocks with the matrix involve shattering of the quartzite and

ﬁt‘{ishearing of'the matrix (Fig. 72). Lenticular quartiite boudins are incorporated

'1:fﬂ‘in-thisAsheared matrix. Some smaller quartzite pebbles are rounded, others

PN

;”'7-are elongated, both parallel and perpendicular to the shearing direction.
e Tensional quartz veins are perpendicular to the foliation (Fig. n.

-'._f_These§features suggest that the structure.of the melange has been

o [ T . : . .« o . o 2 .
'*e.considerably modified tectonicaily, though the or1g1na1 slump -origin is

' ~ev1dent from the unsorted rock fragments 1nvo1ved in the matrix. i Irregular’

'-"‘fragments of ‘brown dolomite appear to have been part]y remobi11zed either
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* Breccia containing angular fragments of quartzite in

{ .

‘sheared silty matrfx,.GwHa Melange Formation, Cemaes

Bay, Anglesey, Wales. ansibna1 quartz veins are
i

perpendicular to the foliation. Pen for scale is

14 cm long.

1ilﬁig.}72,ffin

CFig T4

P S
o

P

Neg. No. 27150.
Very large block of white orthoduartzite incorporated
in breccia of the Gwna Me]énge Formation, Cemaes Bay,
Ang]esey; Wales. The contacts of the block with e
matrix are considerably sheéred, fractured and slickensided.
© Neg. No. 27151, |

Large orthoquartzite blocks in sheared breccia of the

: . Gwna Melange Formation, Cemaes Bay, Anglesey, Wales.

Neg. No. 27152,

Partly mobilized clasts of dolomite in sheared breccia

‘matrix, Gwna Melange Formation, Cemaes Bay, Anglesey,

"Wales. The pen for scale is 14 cm Tong.

“Neg. No. 27153.
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during s]urp1ng or subsequent deformat1on (F1g 74). Larger contorted
blocks of b1ue grey dolomite, weather1ng brown and partly well- bedded are
; ’*icin contact?w1th fragmented quartzites and thinly bedded brown sandstones..
sl.iff;Ténsional features are again perpendicuiar to the shearing direction.

l
A very large block of mass1ve medium grey- 11mestone conta1ns

, stromato]1tes with tuberous inclined and vertical co]umns (Fig. 76).
.- Interspaces are filled with flat-pebble brecc1as Flat and rounded intra-

ks clast breccias overlie the stromato]1t1c be '(F1’J§s” .- Samples were

"' collected for further study.

" Church Stretton (Fig. 2)

The Longmyndian succession of Shropshire, some 8 km thick, is

.-folded into an overturned 1soc11na1 syncline, and is subdivided as

fo]]ows (Dunn1ng, 1975)

wentnOr Group-"‘j ;}év;}bff “'Bridges Formation (mainly puro1e

.:d“ﬂ 3 700 m ﬁf »;-,iﬂffl:l‘%.f:j - mudstones, siltstones, sandstones) .

f'Bayston-Oakswood‘Formation (main]y

coarse purple sandstones and grits,

minor mudstones and cong]omerates).

{ - fiif"f-ﬁunconformity -

"% Portway :Formation (purple and greenish-

": grey shaly mudstones and siltstones with

| "Ae_sandstone bands .
' |

“'Lightspdut Formation (flaggy greenish-

[ .
u_grey and purple siltstones with sandstone

' bands, massive near the base.

"'Synalds?Formation (purple shaly mud-

:ﬁ'{y':lf""-"‘;; i'_' Astones with subord1nate sandstone)

K_Inc]udes Batch Vo]can1cs (ep1dot1c
.,crystaI_- lithic tuff). |

. i
st
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Stromatolitic interbed iﬁ a large limestone b]oék

- in the Gwna Melange Format1on, Cemaes Bay, Ang1esey,

.1

;;; Wales. The pen for sca]e is 14 cm long.

Neg. No. 27154.

it ' Tuberous columnar stromatolites in large limestone
- block in the Gwna Melange Formation, Cemaes Bay,

_Ang]esey, Wales. The pen for scale is>14 cm long.

Neg. No. 27155.

QﬁPurp1e 1fthic sandstone and siltstone of the

", 'Synalds Formation, Stretton Group of the Longmyndian

ISR K e

- succession, Cardingmill Valley, Church Stretton,
o ;““}'Shropshire, England. The pen for scale is 14 em

Tong.

Neg. No. 27156.

1Nodu1ar bedded 11mestone passing 1atera11y 1nto
';ma551ve biohermal limestone (Silurian), in d1sused

: o -.quarry on the scarp of Wenlock Edge. Eng]and

' Neg. No 27157
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: .ji-?_;,“ C° . ‘Burway Formation (flaggy greenish-grey
) . . . ! ' '

Taminated siltstones with sandstone
1ayers;§dust-tuff at base).

i A .
"Strettod‘Sha]e‘Formation‘(greenish-

. grey mudstones Tithic tuff).

Both groups of the Longmynd1an are older than the Uriconian
?;Vo1canic5'which.unconformab1y overlie the Wentnor Group (James, 1956).

| A conglomerate of the Wentnor Group.is poorly exposed on a

: hillside near Chdrch Stretton. It consists of 1-8 cm diameter rounded
{ipebbles of quartz, quartzite and sandstone in a gritty matrix. |

; - -fhe-Stretton Group was examined in the Cardingmi]] Va]ley, where .
;?steep]y dippinghpurp]e and greyish siltstones with purple shaly partings |
ij(Eig; 77), belonging to the Synalds Formation, are overlain by siltstones
Ziwith‘rare interbeds of lithic purplish-grey sandstone and grit. Current:

;- 1ineations- and fjute.casts occur on the soles of some beds. The overlying
. Lightspout Formation consistS'here of purple siltstone and coarse, greenish
fflith1C'sandstone. The Stretton Shale Format1on was observed at Ashies

~;H0110w Cottage, Little Stretton; it cons1sts of dark green1sh splintery,

f‘si1ty shales with minor interbeds of 11th1c sandstone The shales have

,ifa poorly developed vertical slaty c]eavage. Bath (1974) concludes from

;;i Rb/Sr who]e rock isochrons obtained (529f¢ 6 m.y. for the Bunway Formation,
é,452 - 31 m.y. for the Synalds Format1on‘and 529 + 23 m.y. for the

;_L1ghtspout Format1on) "that the Longmyndian sed1ments were deposited no

iuear11er than c. 600 m.y. 1 .e. in the.Cambrian or the very late Precambr1an .

! !

";fwenlock Edge (Fig.2) -~ | | | -

|
A nodu]ar bedded Timestone passing laterally into massive b1oherma1
|

::11mestone (Si]urian) was. observed 1n a dnsused quarry (Lilles Quarny), 2 km

\ v e =
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 SW of Pres%hope on the scarp of Wenlock Edge (Fig. 78). The flénking

| ?;,‘ nodular 11mestone is marly and very f055111ferous (chiefly corals,

N brachiopods) wh11e the biohermal limestone 3 frequent1y contain stromato-

poroids._ A br1ef search was made for stromato]ites but was not successful.
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CONCLUSIONS AND DISCUSSION

%ate Precambrian rocks 1n.Engﬂand and Scotland include sediments :

"and yolcan1cs representing a variety of!continental; shallow marine and

'Tdeepisea ehvironments. The chronglog1ca1 and palaeogeographic re]at1ons
i between the various tectono-sed1mentary units are still open to
;d1scussion, In the Scottish Highlands, for example, the Moine Thrust
'f:renresents a junction of two quite separate tectonic regimes. To the
<west. the "Lewisian" basement, showing an}early Precambrian high grade
;metamorphjsm (Scourian) and mid-Precambrian remobilisation (Laxfordian),
tis unconformably overlain by two late Precambrian sequences of fiuviati]e
_jredbed:clastics..which are unmetamorphosed and deformed only by tilting (Stoer
\and Torriden Groups). Cambrian and Ordovician shelf sediments overlie_
_these seqpences with a low angle unconformity. To the east of the Thrust
flies the Ca]edonfan orogenic be]t;-in which presumed Lewisian basement
f;occurs enly in minor inliers and thrust slices, and.in which two major
‘asequences of metasediments are intensely deformed. The older of these
ﬁsucceSStons, the Moine, consists of metasandstones, schists and gneisses,
', whose age and relations are as yet uncertain. The younger seqnence; the
.Dalradian Supengroup, commences semewhere‘in the late Precambrian and
.spans the ?recambrian—Cambrian boundaryz Early Pa]aeezoic metaﬁorphism-
-and deformation affected both these sequences, but there is a strong .
fprobabilit& that at least part of' the Mo1ne was already metamorph1c before
fDa]radian hep051t1on commenced s1nce sone intrusive pegmatites and gran1t1c_
_gneisses 1n the Moine have yie]ded Precambr1an ages. There is 11tt1e '
freason to ?ccept that the Eilde Flags shou]d be ass1gned to the Moine

_rather than to the over]ying Dalrad1an sequence ‘with wh1ch they are

. {
perfect]y conformabIe.; It may be that the Moine represents a metamorph1c

. o ..
[
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-:l basement to the Dalradian, although all the exposed contacts between them

‘are tect0n1c. ?

The sandy metasediments -of thd Moine have frequent1y been correlated

;‘w1th the Stoer and/or Torridon Groups wdlch have now been dated. W111iams

_}them, ysidg'current direction data, if they are correlative. However,
:%§2;the'two sequences may have‘accumulated on quite separate crustal blocks
o (if the Moine Thrust is a major suture) and there would then be no
5'compe111n§ reason to correlate them. There is also no outcrdp of Dalradian
* rocks west of the Moine Thrust, where partial age equivalents (Durness
5'L1mestone.etc.) are of different facies and have not been affeeted by the.
ivCa1edon1an folding. |

A“ - Specimens'c011ected from stromato1itic dolomite (Bonahaven
jifDolomite) on Islay, and from Timestone in the Gwna Melange Formation,
;iAnglesey; are being studied by three-dimensional reconstruction from’
ﬁiseria1 sections and thin sections. It is hoped that this will enable
f'at least a tentative identification, a1thodgh time in the field did not
f;permit adequate determination of the mode of occurrence and range of |
iﬁ‘variability of the stromatolites at either locality. Stromatolite
{:biostratigraphy Has not yet been serious]y attempted in Britain, but

ﬁ a comparison of these w1th forms descr1bed from the USSR and Austra]ia
jnay provide some age constralnts'for the Bonahaven Dolomite and for
TTthe source of the stromato11t1c boulders in the Gwna Melange. :

v «The ‘maceration-of fine gra1n;d clastics from late Precambrian‘
and ear1y Pa]aeozoic sequences in Br1td1n has y1e1ded significant
t?microfossils.' Some pre11m1nany results have been published (e. g.

Downie et a]., 1971, Cloud and Germs, 1971) but the work 1s stiH 1n its
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1nit1a1 stages, and the full potent1a1 of Precambrian acr1tarchs remains

“?i to be eva]uated considerable success has been claimed for acritarch

;i b1ostrat1qraphy in the latest Precambr1an and early Palaeozoic in the "
ﬁ USSR (e. gJ Volkeva, 1973). What is part1cu1ar1y encouraging is the:

il fact that acritarchs can be preserved even in moderately metamorphosed

'l sediments such as slates and phy111tes, so that good results should

be expected from the much less deformed and metamorphosed sediments

_of the Flinders Ranges.,”J?<_;f S
Co s N WY fas,

“12th February, 1976 . WLV PREISS
b AT - PALAEOBOTANY -SECTION
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