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G E O L O G I C A L EXCURSION TO L A T E PRECAMBRIAN 
ROCKS I N B R I T A I N , 

S E P T E M B E R , 1975 

ABSTRACT 

A t h i r t e e n day e x c u r s i o n t o B r i t a i n d u r i n g September 1975 
p r o v i d e d t h e o p p o r t u n i t y t o v i s i t b r i e f l y t h e major o u t c r o p s o f 
l a t e Precambrian rocks o f E n g l a n d , S c o t l a n d and Wales. These 
i n c l u d e d ( l ) a f o s s i l i f e r o u s v u l c a n o - s e d i m e n t a r y sequence a t 
Charnwood F o r e s t , ( 2 ) t h e Dalradian Supergroup o f t h e S c o t t i s h 
H i g h l a n d ? i n c l u d i n g v e r y l a t e Precambrian s t r o m a t o l i t e s and 
t i l l i t e s , (3) t h e Moine s u c c e s s i o n t h a t u n d e r l i e s t h e D a l r a d i a n , 
( 4 ) t h e l a t e Precambrian S t o e r and T o r r i d o n Groups o f redbed 
c l a s t i c s t h a t unconformably o v e r l i e L e w i s i a n basement meta-
morphics w e s t o f t h e Moine T h r u s t , ( 5 ) t h e l a t e s t Precambrian 
e u g e o s y n c l i n a l Monian Supergroup o f A n g l e s e y , i n c l u d i n g a 
melange c o n t a i n i n g s t r o m a t o l i t i c l i m e s t o n e and ( 6 ) t h e ? l a t e s t 
Precambrian o r Cambrian Longmy.ndian s u c c e s s i o n o f s h a l l o w 
w a t e r c l a s t i c s and v o l c a n i c ! a s t i c s . 

Research i n Precambrian and e a r l y P a l a e o z o i c a c r i t a r c h s i n t h e 
T o r r i d o n and S t o e r Groups and t h e D a l r a d i a n Supergroup i n d i c a t e s 
t h e p o t e n t i a l f o r s i m i l a r s t u d i e s t o be c a r r i e d o u t i n t h e 
A d e l a i d e G e o s y n c l i n e . 

INTRODUCTION 

Upon r e c e i p t o f an i n v i t a t i o n t o a t t e n d and c o n t r i b u t e t o a 

symposium on Precambrian c o r r e l a t i o n s i n Moscow, September 1 9 7 5 , i t was 

decided t h a t a c o n f e r e n c e on F o s s i l A l g a e i n E r l a n g e n , West Germany, i n 

O c t o b e r , s h o u l d a l s o be a t t e n d e d . D r . v M a r j o r i e M u i r o f I m p e r i a l C o l l e g e , 
-fe cxxx}<MJ~ 

L o n d o n , w h i l e on a v i s i t t o A u s t r a l i a i n . M a y , o f f e r e d ^ D r . M . R . W a l t e r 

(Bureau o f M i n e r a l Resources) and n i y s e l f t©~eettdu€4=trs on an i n f o r m a l 

e x c u r s i o n t o areas o f Precambrian o u t c r o p i n E n g l a n d and S c o t l a n d d u r i n g 

t h e t i m e between t h e two m a j o r c o n f e r e n c e s we both a t t e n d e d . The 
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e x c u r s i o n i n v o l v e d t h i r t e e n days o f f i e l d work (September 1 7 t o 2 9 ) . 

T h i s r e p o r t summarises t h e geology o f areas v i s i t e d , w i t h s p e c i a l 

r e f e r e n c e to t h e s t r a t i g r a p h i c r e l a t i o n s o f m a j o r s e d i m e n t a t i o n a l 

sequences, and Precambrian p a l a e o n t o l o g y ( a c r i t a r c h and s t r o m a t o l i t e 

s t u d i e s ) . 

The e x c u r s i o n w i l l be d e s c r i b e d i n terms o f t h e l o c a l i t i e s 

v i s i t e d . These a r e i n d i c a t e d on t h e general l o c a l i t y p l a n s , F i g . 1 

and F i g . 2 . 

ACKNOWLEDGEMENTS 

The o r g a n i s a t i o n o f t h e e x c u r s i o n by D r . M. M u i r and Mr. Paul 

G r a n t i s g r a t e f u l l y acknowledged. These and t h e r e m a i n i n g p a r t i c i p a n t s 

from I m p e r i a l C o l l e g e ( D r . W. D i v e r , M r . G . B l i s s and D r . Shukl'a 

Sengupta) a l l c o n t r i b u t e d by a c t i n g as guides i n areas t h e y were i n d i v i -

d u a l l y most f a m i l i a r w i t h . I w i s h t o express n\y g r a t i t u d e t o t h e s e 

people f o r t h e i r e x t r e m e l y v a l u a b l e p a r t i c i p a t i o n , and a l s o t o D r s . T r e v o r 

F o r d and Roy Macgregor who guided us a t Charnwood F o r e s t and on I s l a y 

r e s p e c t i v e l y . 

THE PRECAMBRIAN OF CHARNWOOD FOREST ( G u i d e : D r . T r e v o r F o r d ) 

The g e o l o g y o f t h i s a r e a , a small i n l i e r o f Precambrian n o r t h -

west o f L e i c e s t e r ( F i g . 1 ) , i s d e s c r i b e d by Dunning ( 1 9 7 5 ) . T h r e e 

major s t r a t i g r a p h i c u n i t s occur i n a s o u t h - e a s t p l u n g i n g a n t i c l i n e , 

t o t a l l i n g a t h i c k n e s s o f 2600 m : -

y o u n g e s t : Brand Group . S w i t h l a n d S l a t e s 
T r a c h o s e G r i t and Q u a r t z i t e 

(300 m) Hanging Rocks Conglomerate 

Map1 ewe11 Group Woodhouse and B r a d g a t e F o r m a t i o n 
( 1 4 0 0 m) S l a t e A g g l o m e r a t e 

Beacon H i l l F o r m a t i o n 
F e l s i t i c A g g l o m e r a t e 
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o l d e s t : B l a c k b r o o k F o r m a t i o n 
(900 m) 

The B l a c k b r o o k F o r m a t i o n c o n s i s t s o f banded t u f f s , d i s t a l 

t u r b i d i t e s and mudstones. The F e l s i t i c A g g l o m e r a t e has p i n k f e l d s p a t h i c 

^rock fragments i n a welded t u f f m a t r i x . I t is v e r y v a r i a b l e i n f e l d s p a r 

c o n t e n t and i n degree o f w e l d i n g . 

The Beacon H i l l F o r m a t i o n c o n s i s t s o f d i s t a l w a t e r l a i d p y r o - . 

c l a s t i c s , p a s s i n g northwestwards t o coarse b o u l d e r beds i n which t h e 

p o r p h y r i t i c d a c i t e b o u l d e r s were rounded by a t t r i t i o n i n a v o l c a n i c v e n t . 

. The S l a t e A g g l o m e r a t e c o n s i s t s o f p o o r l y welded c o a r s e ash w i t h 

l a r g e a n g u l a r s l a b b y f r a g m e n t s o f t u f f a c e o u s s i l t s t o n e ( F i g . 3 ) . 

The Brand Group i s m a i n l y s e d i m e n t a r y w i t h c o n g l o m e r a t e s , 

q u a r t z i t i c sandstones and s l a t e s . 

I n t r u s i v e s i n c l u d e m a r k f i e l d i t e ( m i c r o g r a p h i c d i o r i t e ) l a c c o l i t h s 

and d a c i t i c and r h y o d a c i t i c p o r p h y r i e s , a l l p r e d a t i n g t h e C h a r n i a n c l e a v a g e . 

D r . F o r d quoted an age o f a b o u t 560 m . y . ( K - A r ) . I n t h e n o r t h , f i n e r 

g r a i n e d d i o r i t e s a r e y o u n g e r and were i n t r u d e d a l o n g r e v e r s e f a u l t s . 

S i m i l a r rocks occur some 15 km away i n b o u l d e r s i n Cambrian basal c o n g l o -

merates r e s t i n g unconformably on t h e p a r e n t r o c k . A t nearby Bardon H i l l , 

a m i c r o d i o r i t e - d a c i t e a p p a r e n t l y i n t r u d e s a l l t h e Charnwood rocks b u t 

i s t h o u g h t t o belong t o t h e same v o l c a n i c s u i t e . Meneisy and M i l l e r 

(1963) conducted a g e o c h r o n o l o g i c a l s t u d y o f t h e igneous rocks o f t h e 

area ( a l l K - A r ) ; t h e Bardon H i l l samples a r e t h e o n l y ones t h a t gave 

Precambrian ages (684 ± 29 and 595 ± 26 m . y . ) . 680 m . y . has g e n e r a l l y 

been accepted as t h e age o f i n t r u s i o n and as a minimum age f o r t h e 

v o l c a n i c and s e d i m e n t a r y rocks a t Charnwood F o r e s t . 



F i g . 3 . The S l a t e A g g l o m e r a t e , Maplewell G r o u p , Charnwood F o r e s t , 

c o n s i s t i n g o f l a r g e a n g u l a r s l a b s o f t u f f a c e o u s s i l t s t o n e 

i n a p o o r l y welded coarse ash m a t r i x . 

Neg. N o . 2 7 0 8 2 . 

F i g . 4 . The bedding p l a n e t h a t c o n t a i n s impressions o f t h e l a t e 

Precambrian metazoan f o s s i l Chamiodiscus > Woodhouse 

and B r a d g a t e F o r m a t i o n , Maplewell G r o u p , Charnwood 

F o r e s t . 

Neg. N o . 2 7 0 8 3 . 

F i g . 5 . • The c i r c u l a r i m p r e s s i o n o f Chamiodiscus oh t h e same bedding 

p l a n e . The l i t h o l o g y i s a green s l a t y s i l t s t o n e . S c a l e 

g r a d u a t e d i n c e n t i m e t r e s . 

Neg. N o . 2 7 0 8 4 . 

F i g . 6 . A n o t h e r o u t c r o p w i t h Chamiodiscus o n . a bedding p l a n e 

a t t h e Outwoods, near Charnwood F o r e s t . 

D i a m e t e r l e n s cap 5 . 3 cm. 

Neg. N o . 2 7 0 8 5 . ' 



F i g . 5 F i g . 14 



The bedding plane c o n t a i n i n g impressions o f s o f t - b o d i e d metazoa 

was demonstrated t o us ( F i g . 4 ) . I t occurs i n a green s l a t y s i l t s t o n e 

o f t h e Woodhouse and B r a d g a t e F o r m a t i o n , d i r e c t l y o v e r l y i n g t h e S l a t e 

Agglomerate. The circular impression of Chavniodiscus concentricus Ford 

( F i g . 5) is t h o u g h t t o r e p r e s e n t a m e d u s o i d , • p o s s i b l y . r e l a t e d t o t h e sea 

pen Charnia masoni F o r d , t o which i t may have been j o i n e d by a s t a l k . 

No u n q u e s t i o n a b l e f o s s i l t o prove t h i s has been f o u n d , ' however, ( G l a e s s n e r 

& Wade* 1 9 6 6 ) . A second o u t c r o p w i t h Chamiodiscus ( F i g . 6) was 

demonstrated a t t h e Outwoods, near Charnwood F o r e s t . 

P A L A E O Z O I C ROCKS OF S O U T H - E A S T SCOTLAND 

On l e a v i n g Charnwood F o r e s t we t r a v e l l e d n o r t h t h r o u g h Y o r k s h i r e , 

where we b r i e f l y ' o b s e r v e d w h i t e f l a g g y , wavy bedded Permian d o l o m i t e s 

near D o n c a s t e r ( F i g . 7). N o r t h o f o u r f i r s t s t o p o v e r a t B e r w i c k - u p o n -

Tweed, we saw S i l u r i a n greywackes w i t h 20 cm graded b e d s . a n d 10 cm t h i c k 

s l a t e i n t e r b e d s , and f l u t e c a s t s on t h e base o f some sandy b e d s . A t ' 

Pease Bay ( F i g . 2) t h e r e a r e c o a s t a l exposures o f C a r b o n i f e r o u s red t o 

r e d - b r o w n s l i g h t l y c a l c a r e o u s sandstones w i t h channel c r o s s - b e d d i n g , 

and p e b b l y bands. I n places channels are exposed on bedding p l a n e s ; 

some beds have e x t r e m e l y s t e e p f o r e s e t s ( F i g . 8 ) . T h e r e a r e t h i n i n t e r -

beds o f b l a c k o i l s h a l e . One o f many coal i n t e r b e d s was o b s e r v e d , 

here, i n f a u l t c o n t a c t w i t h a sandstone ( F i g . 9 ) . One sandstone o u t c r o p 

c o n t a i n e d f o s s i l r o o t s o f Stigmavia ( F i g . 1 0 ) . A t R h y n i e , t h e famous 

l o c a l i t y o f Devonian b l a c k c h e r t s c o n t a i n i n g abundant p l a n t m i c r o f o s s i l s , 

t h e r e i s now l i t t l e o u t c r o p , and we found o n l y - s c a t t e r e d f l o a t o f c h e r t 

and l a m i n a t e d s a n d y , t u f f a c e o u s s e d i m e n t s , i n places s i l i c i f i e d . Small 

b l a c k c h e r t samples c o l l e c t e d are p o t e n t i a l l y f o s s i l i f e r o u s . 



White f l a g g y , wavy bedded Permian d o l o m i t e s n e a r 

D o n c a s t e r , Y o r k s h i r e . 

Neg. N o . 2 7 0 8 6 . 

C a r b o n i f e r o u s r e d - b r o w n sandstones w i t h high a n g l e 

c r o s s - b e d d i n g , exposed i n w a v e - c u t p l a t f o r m a t Pease B a y , 

S o u t h - e a s t S c o t l a n d . 

N e g . N o . 2 7 0 8 7 . 

A coal i n t e r b e d i n f a u l t c o n t a c t w i t h a s a n d s t o n e , 

( C a r b o n i f e r o u s ) , a t Pease B a y , S o u t h - E a s t S c o t l a n d . 

Neg. N o . 2 7 0 8 8 . 

C a r b o n i f e r o u s s a n d s t o n e c o n t a i n i n g t h e f o s s i l r o o t 

Stigmaria, Pease B a y , S o u t h - E a s t S c o t l a n d . S c a l e 

g r a d u a t e d i n 10 cm i n t e r v a l s . 

Neg. N o . 27089. 
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THE DALRADIAN SUPERGROUP: A L A T E 

PRECAMBRIAN AND EARLY P A L A E O Z O I C 

SEQUENCE O F THE S C O T T I S H ' H I G H L A N D S 

The D a l r a d i a n Supergroup i s d e s c r i b e d by H a r r i s and P i t c h e r 

.(•1975) as'a l i t h o l o g i c a l l y d i v e r s e s u p e r g r o u p . . . . . o f m e t a s e d i m e n t a r y 

and m e t a - i g n e o u s rocks o f l a t e Precambrian - Cambrian age which crop o u t 

i n I r e l a n d and S c o t l a n d ( i n c l u d i n g S h e t l a n d ) and which are y o u n g e r t h a n , 

and on a r e g i o n a l s c a l e o v e r l i e t h e l i t h o l o g i c a l l y more monotonous Moine 

r o c k s " . The Supergroup i s exposed i n t h e S c o t t i s h H i g h l a n d s between 

the. H i g h l a n d B o r d e r F a u l t and t h e G r e a t Glen F a u l t ( F i g . 2 ) , b u t does 

not occur t o the west o f t h e Moine T h r u s t , where unmetamorphosed l a t e 

Precambrian ( " T o r r i d o n i a n " ) and e a r l y P a l a e o z o i c sediments o v e r l i e meta-

morphic basement ( " L e w i s i a n " ) . The D a l r a d i a n sequence i s v e r y t h i c k 

( o f t h e o r d e r o f 20 km) and was d e p o s i t e d " i n a complex t r o u g h e l o n g a t e d 

N . E . - S . W . Because t h e t r o u g h margins are t e c t o n i c a l l y broken away f r o m 

i t s f o r e l a n d s , d i r e c t c o r r e l a t i o n s w i t h t h e a p p r o p r i a t e s h e l f d e p o s i t s 

is n o t p o s s i b l e " ( H a r r i s & P i t c h e r , 1 9 7 5 , p . 5 2 ) . The a u t h o r s propose 

a t h r e e - f o l d d i v i s i o n o f t h e D a l r a d i a n : t h e ( u p p e r ) S o u t h e r n H i g h l a n d 

Group i s Cambrian t o p o s s i b l y O r d o v i c i a n , t h e ( m i d d l e ) A r g y l l Group i s 

l a t e s t Precambrian t o Cambrian, and t h e ( l o w e r ) A p p i n Group i s l a t e 

P r e c a m b r i a n . The sequence as examined by us i s summarised i n t h e . 

g e n e r a l i s e d s t r a t i g r a p h i c t a b l e ( T a b l e 1 ) . 

S o u t h e r n H i g h l a n d Group 

The f i r s t o u t c r o p examined is o f M a c d u f f S l a t e o f t h e S o u t h e r n 

H i g h l a n d Group i n c o a s t a l exposures a t M a c d u f f ( F i g . 2 ) . T h i s area i s 

b e i n g s t u d i e d by Mr. G. B l i s s , who has succeeded i n e x t r a c t i n g m i c r o f o s s i l s 

( a c r i t a r c h s ) from metamorphosed c l a s t i c sediments by HF m a c e r a t i o n . 
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D a l r a d i a n ) 

I 

o © o ~ 
1 o O «> O o 

V v V V V V 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

? T r a n s i t i o n 
t o 

O r d o v i c i a n 

Cambrian 
? A R G Y L L 

GROUP 
( M i d d l e 
D a l r a d i a n ) 

T a y v a l l i c h 
1 1 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

? T r a n s i t i o n 
t o 

O r d o v i c i a n 

Cambrian 
? A R G Y L L 

GROUP 
( M i d d l e 
D a l r a d i a n ) 

C r i n a n o o o o o o a o o o o 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

? T r a n s i t i o n 
t o 

O r d o v i c i a n 

Cambrian 
? A R G Y L L 

GROUP 
( M i d d l e 
D a l r a d i a n ) 

E a s d a l e 

A A A A 
A A A. A 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

?Vendian 

A R G Y L L 
GROUP 
( M i d d l e 
D a l r a d i a n ) 

Is l a y . 

A A A A 
A A A. A 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

Riphean 

/ 

A P P I N 
GROUP 
( L o w e r 

. D a l r a d i a n ) 

B l a i r A t h o l 
O 1 O 1 O O | 0 I 

1 1 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

Riphean 

/ 

A P P I N 
GROUP 
( L o w e r 

. D a l r a d i a n ) B a l l a c h u l i s h 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

Riphean 

/ 

A P P I N 
GROUP 
( L o w e r 

. D a l r a d i a n ) 

L o c h a b e r 

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

Riphean 

-

M a c d u f f 
S l a t e 

V o l c a n i c s , g r i t s 
Leny L i m e s t o n e 

T a y v a l l i c h L i m e s t o n e 
. S t o n e f i e l d S c h i s t 

C r i n a n G r i t s 
C r a i g n i s h P h y l l i t e 

E a s d a l e S l a t e 

J u r a Q u a r t z i t e 
Bonahaven D o l o m i t e 
Q u a r t z i t e 
P o r t A s k a i g T i l l i t e 
I s l a y L i m e s t o n e 
S l a t e s , p h y l 1 i t e s , 

l i m e s t o n e s 

C u i l Bay S l a t e 

A p p i n P h y l l i t e 
• A p p i n L i m e s t o n e 

A p p i n Q u a r t z i t e 
B a l l a c h u l i s h S l a t e 
B a l l a c h u l i s h L i m e s t o n e 
Leven S c h i s t 
Glencoe Q u a r t z i t e 
B i n n e i n S c h i s t 
B i n n e i n Q u a r t z i t e . 
E i l d e S c h i s t 
E l i d e Q u a r t z i t e 
E i l d e F l a g s 
(?Moine) 

T A B L E I . G e n e r a l i z e d s t r a t i g r a p h y o f t h e D a l r a d i a n 
S c o t l a n d (based on H a r r i s & P i t c h e r , 1 9 7 5 ) 

Supergroup, i n 



F i g . 1 1 . P u l l - a p a r t b r e c c i a o f s i l t y fragments i n a metasandstone 

m a t r i x , p a r t o f t u r b i d i t e sequence o f t h e M a c d u f f 

S l a t e ( u p p e r D a l r a d i a n ) , i n c o a s t a l exposures a t M a c d u f f , 

S c o t l a n d . 

Neg. N o . 2 7 0 9 0 . 

F i g . 1 2 . A o n e - m e t r e t h i c k bed o f graded m e t a s a n d s t o n e , w i t h 

sharp b a s e , o v e r l y i n g m e t a s i l t s t o n e a t t h e t o p o f t h e 

p r e v i o u s c y c l e . M a c d u f f S l a t e ( u p p e r D a l r a d i a n ) , 

i n c o a s t a l exposures a t M a c d u f f , S c o t l a n d . 

' Neg. N o . 2 7 0 9 1 . 

F i g . 1 3 . G r a n u l e - f i l l e d e r o s i o n a l channels i n t h i c k l y bedded 

f e l d s p a t h i c g r i t s . M a c d u f f S l a t e ( u p p e r D a l r a d i a n ) , 
/ 

i n c o a s t a l exposures a t M a c d u f f , S c o t l a n d . 

Neg. N o . 2 7 0 9 2 . 

F i g . 1 4 . ; T h i n graded beds i n m e t a s i l t s t o n e , M a c d u f f S l a t e , 

( u p p e r D a l r a d i a n ) , i n c o a s t a l exposures a t M a c d u f f , 

S c o t l a n d . 

Neg. N o . 2 7 0 9 3 . 

The pen i n each p h o t o g r a p h i s 14 cm l o n g . 



F i g . 1 3 F i g . 1 4 



- 6 i-

T h a t m i c r o f o s s i l s are p r e s e r v e d in such h i g h l y deformed and metamorphosed 

rocks i s r e m a r k a b l e , and i n d i c a t e s t h e p o t e n t i a l o f s i m i l a r s t u d i e s i n 

the f a r l e s s a l t e r e d rocks o f t h e A d e l a i d e G e o s y n c l i n e . The M a c d u f f 

G r o u p , i n t e r p r e t e d as a t u r b i d i t e sequence, c o n s i s t s o f m e t a - s a n d s t o n e s , 

sometimes graded ( F i g . 1 2 ) w i t h i n t e r b e d d e d m e t a - s i l t s t o n e . G r a i n s i z e 

grades up from v e r y coarse sand a t t h e base t o medium sand, a t t h e t o p , 

w i t h a bed t h i c k n e s s o f up t o one m e t r e . I s o c l i n a l f o l d s a r e g e n e r a l l y 

c o n f i n e d t o t h e a r g i l l a c e o u s b e d s . P u l l - a p a r t b r e c c i a , c o n s i s t i n g o f 

i r r e g u l a r s i l t s t o n e f r a g m e n t s i n a greywacke m a t r i x ( F i g . 1 1 ) was p r o b a b l y 

formed by s l u m p i n g . T h e r e are a l s o t h i n graded beds o n l y 2 - 3 cm t h i c k , 

m a i n l y i n s i l t s t o n e ( F i g . 1 4 ) , b u t b r o a d l y l a m i n a t e d , n o n - g r a d e d s i l t s t o n e 

i s more common. R i p p l e marks w i t h i n t e r n a l c r o s s - l a m i n a t i o n occur . i n 

f i n e r sandstone beds. The sequence here appears t o d i p and f a c e u n i f o r m l y 

t o t h e w e s t a t about 3 0 ° , b u t t h e r e may be r e v e r s a l s o f f a c i n g f u r t h e r w e s t , 

where dark m e t a s i l t s t o n e s , then c o a r s e , a n g u l a r f e l d s p a t h i c g r i t s a p p e a r . 

The l a t t e r form v e r y m a s s i v e , c r u d e l y graded b e d s , w i t h small channels 

f i l l e d w i t h c o a r s e r g r a n u l e s , ( F i g . 13) p o s s i b l y f a c i n g e a s t . F i g . 15 

i l l u s t r a t e s a greywacke bed w i t h flame s t r u c t u r e s and s i l t s t o n e b r e c c i a . 

The Moine s u c c e s s i o n ( o l d e r t h a n t h e D a l r a d i a n ) 

L e a v i n g M a c d u f f we t r a v e l l e d t h r o u g h I n v e r n e s s and T a i n t o 

L a i r g ( F i g . 2 ) . N e a r here we b r i e f l y i n s p e c t e d o u t c r o p s o f gneisses 

b e l o n g i n g t o t h e Moine s u c c e s s i o n ( F i g . 1 6 ) . A l t h o u g h t h e Moine i n some 

areas c o n t a i n s metasandstones d i s p l a y i n g c r o s s - b e d d i n g ( W i l l i a m s , 1 9 6 6 ) , 

i n t h i s o u t c r o p t h e r e was no e v i d e n c e . o f t h e p r e s e r v a t i o n o f bedding o r 

any o t h e r s e d i m e n t a r y s t r u c t u r e s . The rocks are medium g r a i n e d q u a r t z o - . 

f e l d s p a t h i c gneisses w i t h b l a c k micaceous l a m i n a t i o n s ( F i g ; 1 7 ) . They 

gave t h e i m p r e s s i o n o f a much h i g h e r grade o f metamorphism than t h e 



Flame s t r u c t u r e s i n coarse metagreywacke b e d , 

i n v o l v i n g t h e u n d e r l y i n g s i l t s t o n e . . .The m e t a g r e y -

wacke a l s o c o n t a i n s a n g u l a r s i l t s t o n e c l a s t s . 

M a c d u f f S l a t e ( u p p e r D a l r a d i a n ) i n c o a s t a l exposures n e a r 

M a c d u f f , S c o t l a n d . Pen f o r s c a l e i s . 1 4 cm l o n g . 

Neg. N o . 2 7 0 9 4 . 

O u t c r o p o f q u a r t z o f e l d s p a t h i c gneisses o f t h e 

Moine s u c c e s s i o n , i n t h e v i c i n i t y o f L a i r g , S c o t l a n d . 

Neg. N o . 2 7 0 9 5 . 

A l t e r n a t i n g micaceous and q u a r t z o f e l d s p a t h i c bands 

i n medium g r a i n e d gneisses of. t h e Moine s u c c e s s i o n , 

i n t h e v i c i n i t y o f L a i r g , S c o t l a n d . Pen f o r s c a l e 

i s 14 cm l o n g . 

Neg. N o . 2 7 0 9 6 . 

A l t e r n a t i n g bands o f metasandstone and p h y l l i t e i n 

t h e M o i n e ' s u c c e s s i o n a t C o u l i n L o d g e , near K i n l o c h e w e , 

S c o t l a n d . The bands a r e l e n t i c u l a r and appear t o r e s u l t 

f r o m t h e t r a n s p o s i t i o n o f b e d d i n g . Pen f o r s c a l e i s 

14 cm l o n g . 

Neg. No. 2 7 0 9 7 . 



F i g . 1 7 F i g . 14 



F i g . 1 9 . • F l a g g y , p a l e brown w e a t h e r i n g d o l o m i t e w i t h 

s i l t y l i m e s t o n e i n t e r b e d s , ( " t i g e r r o c k " ) , 

A p p i n L i m e s t o n e , A p p i n Group ( l o w e r D a l r a d i a n ) 

i n c o a s t a l exposures a t O r i i c h , S c o t l a n d . 

Neg. N o . 27098. 

F i g . 20. S t r o n g l y c l e a v e d p h y l l i t e w i t h w e l l p r e s e r v e d 

bedding l a m i n a t i o n , A p p i n P h y l l i t e , A p p i n Group 

( l o w e r D a l r a d i a n ) , i n c o a s t a l exposures a t . 

O n i c h , S c o t l a n d . 

Neg. N o . 2 7 0 9 9 . 

F i g . . 2 1 . I n t e r b e d o f f l a t pebble b r e c c i a l i m e s t o n e 

i n A p p i n P h y l l i t e , A p p i n G r o u p , (-lower D a l r a d i a n ) 

i n c o a s t a l exposures a t O n i c h , S c o t l a n d . 

1 Neg. N o . 2 7 1 0 0 . 

Pen f o r s c a l e i s 14 cm l o n g . 

F i g . 2 2 . D o l e r i t e dyke i n t r u d i n g w h i t e q u a r t z i t e i n t e r b e d 

i n A p p i n P h y l l i t e , A p p i n Group ( l o w e r D a l r a d i a n ) , 

. i n c o a s t a l exposures a t O n i c h , S c o t l a n d . 

Neg. N o . 2 7 1 0 1 . 





F i g . 2 3 . White medium g r a i n e d q u a r t z i t e w i t h t r o u g h c r o s s -

b e d d i n g , A p p i n Q u a r t z i t e , A p p i n G r o u p , ("lower 

D a l r a d i a n ) i n c o a s t a l exposures a t O n i c h , S c o t l a n d . 

Pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 0 2 . 

F i g . 2 4 . O u t c r o p s o f massive w h i t e E i l d e Q u a r t z i t e i n t h e 

Leven R i v e r , n e a r K i n l o c h l e v e n , A p p i n Group ( l o w e r 

D a l r a d i a n ) , S c o t l a n d . 

Neg. No. 2 7 1 0 3 . 

F i g . 2 5 . . . P e b b l y i n t e r b e d i n t h e E i l d e Q u a r t z i t e ( n e a r i t s b a s e ) , 

A p p i n G r o u p , ( l o w e r D a l r a d i a n ) , exposed i n t h e Leven 

R i v e r , n e a r K i n l o c h l e v e n , S c o t l a n d . Pen f o r s c a l e 

i s 14 cm l o n g . 

Neg. N o . 2 7 1 0 4 . 

F i g . 2 6 . S e c t i o n i n t h e Leven R i v e r spanning t h e c o n t a c t 

between t h e l o w e r D a l r a d i a n E i l d e Q u a r t z i t e ( a t r i g h t ) 

and t h e E i l d e F l a g s ( a t l e f t ) , regarded by some as 

b e l o n g i n g t o t h e Moine s u c c e s s i o n , near K i n l o c h l e v e n , 

S c o t l a n d . 

Neg. N o . 2 7 0 1 5 . 
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D a l r a d i a n . Some days l a t e r we b r i e f l y saw more o f t h e M o i n e " S u c c e s s i o n 

a t C o r r i e s h a l l o c h Gorge near U l l a p o o l ( F i g . 2 ) , here c o n s i s t i n g o f g e n t l y 

d i p p i n g b u t c o n s i d e r a b l y r e c r y s t a l l i z e d m e t a s a n d s t o n e . A g a i n a t C o u l i n 

L o d g e , near Kinlochewe ( F i g . 2) o u t c r o p s o f Moine metasediments show 

e v i d e n c e o f complete d e s t r u c t i o n o f s e d i m e n t a r y s t r u c t u r e s by d e f o r m a t i o n . 

Here l e n t i c u l a r bands o f coarse f e l d s p a t h i c metasandstone a l t e r n a t e 

w i t h d a r k , p h y l l i t i c m e t a s i I t s t o n e s , 1 - 5 cm t h i c k . The lenses are p r o b a b l y 

remnants o f t r a n s p o s e d b e d s , now a l i g n e d p a r a l l e l t o t h e s c h i s t o s i t y 

( F i g . 1 8 ) . 

The A p p i n Group 

The l o w e r D a l r a d i a n A p p i n Group was examined i n some d e t a i l i n 

c o a s t a l exposures i n t h e , v i c i n i t y o f Onich ( F i g . 2 ) . U n l i k e t h e upper 

D a l r a d i a n t u r b i d i t e s o f the M a c d u f f S l a t e , t h e A p p i n Group c o n s i s t s m a i n l y 

o f s h a l l o w w a t e r sediments - metamorphosed s i l t s t o n e s , d o l o m i t e s and pure 

q u a r t z i t e s . Our s e c t i o n commenced i n t h e g e n e r a l l y e a s t d i p p i n g b u t w e s t 

f a c i n g A p p i n P h y l l i t e s , a h i g h l y deformed sequence o f dark g r e y , massive 

t o p o o r l y bedded m e t a s i l t s t o n e s , w i t h i n t e r b e d s o f p h y l l i t i c s i l t s t o n e 

and m e t a s a n d s t o n e . These pass down i n t o c a l c a r e o u s s i l t s t o n e s w i t h 

t h i n brown w e a t h e r i n g d o l o m i t e and q u a r t z i t e i n t e r b e d s , sometimes w i t h 

slump s t r u c t u r e s , and then i n t o p a l e g r e y f l a g g y l i m e s t o n e ( A p p i n L i m e s t o n e ) 

w i t h s i l t y i n t e r b e d s . T h i s sequence c o n t a i n s t i g h t i s o c l i n a l f o l d s , and 

i n p l a c e s pods o f dark g r e y s i l t y l i m e s t o n e i n p h y l l i t i c s i l t s t o n e . I t 

was n o t c e r t a i n i f t h i s was a s e d i m e n t a r y f e a t u r e o r due t o t r a n s p o s i t i o n 

o f b e d d i n g . The " t i g e r r o c k " ( F i g . 19) i s a f l a g g y , p a l e brown w e a t h e r i n g 

d o l o m i t e w i t h s i l t y l i m e s t o n e i n t e r b e d s , a g a i n w i t h i s o c l i n a l m i n o r . 

f o l d s . U n d e r l y i n g p h y l l i t i c s i l t s t o n e s a r e h i g h l y c l e a v e d b u t have w e l l 
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p r e s e r v e d bedding l a m i n a t i o n s ( F i g . 2 0 ) , d i p p i n g s t e e p l y w e s t . Small c u t -

a n d - f i l l s t r u c t u r e s and graded bands i n d i c a t e a west f a c i n g . D o l o m i t i c 

i n t e r b e d s a r e t i g h t l y f o l d e d and b o u d i n a g e d . W h i t e , medium g r a i n e d 

q u a r t z i t e i n t e r b e d s have w e s t - f a c i n g c r o s s - l a m i n a t i o n s . T h e r e are t h i n 

i n t e r b e d s o f f l a t - p e b b l e b r e c c i a l i m e s t o n e ( F i g . 2 1 ) and sandy c r o s s -

bedded l i m e s t o n e ; f a c i n g s change on t h e limbs o f i s o c l i n a l f o l d s , as 

i n d i c a t e d by t r o u g h c r o s s - b e d d i n g , r i p p l e m a r k s , and e r o s i o n a l channels 

f i l l e d w i t h f l a t p e b b l e b r e c c i a d o l o m i t e . D o l e r i t e dykes w i t h o p h i t i c 

t e x t u r e i n t r u d e t h e sequence, both a t t h i s p o i n t and a l s o i n t h e u n d e r l y i n g 

q u a r t z i t e s ( F i g . 2 2 ) . 

The u n d e r l y i n g A p p i n Q u a r t z i t e is a p a l e p i n k , medium g r a i n e d 

^ c l e a n q u a r t z i t e w i t h r e p e a t e d t h i n i n t e r b e d s o f cream d o l o m i t e , c u t by 

s e v e r a l small bodies o f a c i d p o r p h y r y . The d o l o m i t i c sequence c o n t i n u e s 

downwards t o a sheared c o n t a c t w i t h v e r y massive w h i t e c l e a n q u a r t z i t e 

w i t h w e s t - f a c i n g c r o s s - l a m i n a t i o n s , a g a i n c u t by d o l e r i t e . S e d i m e n t a r y 

s t r u c t u r e s i n c l u d e t r o u g h c r o s s - b e d d i n g , slumps and channels ( F i g . 2 3 ) . 

The p h y l l i t i c , p y r i t i c , c r e n u l a t e d b l a c k B a l l a c h u l i s h S l a t e 

u n d e r l i e s t h e q u a r t z i t e , f o l l o w e d by t h e B a l l a c h u l i s h L i m e s t o n e , here 

. c o n s i s t i n g o f micaceous and c a l c a r e o u s s c h i s t w i t h i n t e r b e d s o f d o l o m i t e . 

On t h e e a s t l i m b o f a s y n c l i n e , t h e q u a r t z i t e i s d i r e c t l y i n c o n t a c t w i t h 

t h e Leven S c h i s t o f t h e u n d e r l y i n g L o c h a b e r S u p g r o u p ; t h e i n t e r v e n i n g 

B a l l a c h u l i s h L i m e s t o n e and S l a t e were f a u l t e d o u t . b y the B a l l a c h u l i s h 

S l i d e , p r i o r t o f o l d i n g . 

The l o w e s t beds o f t h e D a l r a d i a n ( L o c h a b e r Subgroup) were 

examined i n t h e Leven R i v e r near K i n l o c h l e v e n , on t h e west limb o f t h e 

B l a c k w a t e r S y n f o r m . The s t r u c t u r a l geology o f t h i s area is d e s c r i b e d 

i n some d e t a i l by T r e a g u s , ( 1 9 7 4 ) . O u r s e c t i o n commenced j u s t e a s t o f 



- 9 i-

K i n l o c h l e v e n , i n t h e B i n n e i n Q u a r t z i t e , a c l e a n , w h i t e , b l o c k y q u a r t z i t e 

w i t h w e l l p r e s e r v e d c r o s s - l a m i n a t i o n . There is a t r a n s i t i o n i n t o t h e 

u n d e r l y i n g E i l d e S c h i s t , a d a r k , g r a p h i t i c mica s c h i s t , t h e n i n t o t h e 

E i l d e Q u a r t z i t e ( F i g . 2 4 ) , c o n s i s t i n g o f massive t o b l o c k y , w e l l bedded, 

medium g r a i n e d w h i t e t o p i n k q u a r t z i t e w i t h w e l l p r e s e r v e d bedding 

l a m i n a t i o n s and t r o u g h c r o s s - b e d d i n g . The f a c i n g s observed were c o n s i s t e n t l y 

t o t h e n o r t h - w e s t . Some f o r e s e t s were o v e r s t e e p e n e d by s l u m p i n g . Lower 

i n t h e sequence t h e beds become v e r t i c a l , and a r e i n t r u d e d by b a s i c 

d y k e s . The u n d e r l y i n g more f l a g g y , q u a r t z i t e s w i t h i n t e r b e d d e d s c h i s t s 

( F i g . 26) ( E i l d e F l a g s ) a r e c o n s i d e r e d by many workers t o belong t o t h e 

Moine s u c c e s s i o n , t h e base o f t h e D a l r a d i a n c o i n c i d i n g w i t h t h e base o f t h e 

E i l d e Q u a r t z i t e ( H a r r i s & P i t c h e r , p . 5 8 ) . A p e b b l y l e n s , w i t h . g r a n u l e s up 

t o 2 cm o f q u a r t z and f e l d s p a r ( F i g . 2 5 ) , occurs n e a r what i s t a k e n as 

t h e base o f t h e E i l d e Q u a r t z i t e . The beds above and below t h i s p e b b l y 

lens are a l l c o n c o r d a n t , and c r o s s - b e d d i n g i n d i c a t e s ^ i d e n t i c a l f a c i n g s . 

The c o n t a c t between t h e E i l d e Q u a r t z i t e and E i l d e F l a g s appears q u i t e con-

f o r m a b l e , and indeed a r b i t r a r y t o p i c k . I t h e r e f o r e f i n d i t hard t o 

a c c e p t t h a t t h e E i l d e F l a g s below i t s h o u l d be a s s i g n e d t o t h e M o i n e , 

e s p e c i a l l y as c e r t a i n p e g m a t i t e s i n t r u d i n g t h e Moine elsewhere are o v e r 

700 m . y . o l d (Van Breemen, P i d g e o n and J o h n s o n , 1 9 7 4 ) . Dunning ( 1 9 7 2 ) 

d i s c u s s e d e v i d e n c e t h a t a t l e a s t p a r t o f t h e Moine i s o l d e r than 800 m . y . 

and i t may have been metamorphosed p r i o r t o t h e d e p o s i t i o n o f t h e 

D a l r a d i a n . An unconformable r e l a t i o n s h i p between t h e Moine and D a l r a d i a n 

m i g h t t h e r e f o r e have been e x p e c t e d , b u t most o f t h e c o n t a c t s a r e t e c t o n i c . 

The B a l l a c h u l i s h S l a t e was f u r t h e r examined i n t h e s l a t e q u a r r y 

o f t h a t name. I t i s a v e r y dark grey banded o r l a m i n a t e d , i n p a r t m a s s i v e , 

p h y l l i t i c s l a t e w i t h abundant p y r i t e . An i r r e g u l a r i s o l a t e d f r a g m e n t o f 



F i g . 2 7 . L e n t i c u l a r b l o c k o f d o l o m i t e i n b l a c k B a l l a c h u l i s h 

S l a t e , A p p i n G r o u p , i n B a l l a c h u l i s h S l a t e Q u a r r y , 

B a l l a c h u l i s h , S c o t l a n d . Pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 27106 

F i g . 28. Conglomerate o f p r o b a b l e mudflow o r i g i n i n E a s d a l e 

S l a t e , A r g y l l Group ( m i d d l e D a l r a d i a n ) , i n w a v e -

c u t p l a t f o r m a t Ardnamucknish Bay near B E n d e r l o c h , S c o t l a n d . 

Neg. N o . 2 7 1 0 7 . - J / ^ / V . y - y " 

F i g . 2 9 . A n o t h e r o u t c r o p o f t h e same c o n g l o m e r a t e , here 

c o n t a i n i n g reworked a n g u l a r f r a g m e n t s o f g r i t , s l a t e 

and c o n g l o m e r a t e . 

Neg. N o . 2 7 1 0 8 . 

F i g . 30. L a t e r a l l y - l i n k e d s t r o m a t o l i t e s grown o v e r an e r o s i o n a l 

s u r f a c e i n t r o u g h c r o s s - b e d d e d d o l o m i t e s , Bonahaven. 

D o l o m i t e , A r g y l l Group ( m i d d l e D a l r a d i a n ) , Bonahaven, 

I s l a y , S c o t l a n d . Pen f o r s c a l e i s 14 cm l o n g . 



F i g . 2 9 

Fig. 28 

F i g . 3 0 
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; _ d o l o m i t e w i t h i n t h e s l a t e ( F i g . 2 7 ) p r o v e d e n i g m a t i c ; p o s s i b l y i t slumped 

B i n t o t h e b a s i n d u r i n g d e p o s i t i o n . 

• The C u i l Bay S l a t e , o f t h e B l a i r A t h o l l Subgroup seen a t C u i l 

Bay i s t h e y o u n g e s t u n i t exposed i n t h e A p p i n S y n c l i n e . I t c o n s i s t s o f 

b l a c k s l a t e s w i t h o c c a s i o n a l l i m e s t o n e marble i n t e r b e d s . Bedding 

.. _ l a m i n a t i o n s are o n l y l o c a l l y v i s i b l e i n these h i g h l y c l e a v e d and c r e n u l a t e d 

•;. ® r o c k s . On t h e n o r t h shore, o f t h e b a y , t h e u n d e r l y i n g A p p i n Q u a r t z i t e 

; • and d o l o m i t i c l i m e s t o n e s are e x p o s e d . 

The A r g y l l Group 

< 1 The E a s d a l e S l a t e , p o s s i b l y o f E a r l y Cambrian a g e , exposed a t 

j Ardnamucknish Bay near Benderloch ( F i g . 2 ) , c o n s i s t s o f b l a c k s l a t e s 

w i t h g r e y liniy l e n s e s . F i n e bedding l a m i n a t i o n s , o f t e n s a n d y , are t i g h t l y 

v l . f o l d e d . The s l a t e s show a c r e n u l a t i o n c l e a v a g e as w e l l as s l a t y c l e a v a g e . 

• • G r i t t y and p e b b l y i n t e r b e d s c o n t a i n b l u e and p u r p l e q u a r t z . A c o n g l o -

v l ' merate c o n t a i n s rounded pebbles up t o 30 cm i n d i a m e t e r ( F i g . 2 8 ) , and 

r e d e p o s i t e d c l a s t s o f g r i t o r conglomerate ( F i g . 2 9 ) . T h i s sediment i s 

; • d e s c r i b e d and i n t e r p r e t e d as a slump b r e c c i a by L i t h e r l a n d ( 1 9 7 5 ) , who 

, a l s o r e c o r d e d o n c o l i t e s and c a t a g r a p h i a i n l i m e s t o n e c l a s t s . 

The o v e r l y i n g C r a i g n i s h P h y l l i t e , a green c h l o r i t i c p h y l l i t e 

< • w i t h i r r e g u l a r s t r i n g s o f q u a r t z a l o n g t h e c l e a v a g e occurs a t A r d r i s h a i g 

; ( F i g . 2 ) . The C r i n a n G r i t s here comprise i s o c l i n a l l y f o l d e d q u a r t z i t e 

• 1 i n t e r b e d s i n s c h i s t . 

Is l a y ( G u i d e : D r . Roy Macgregor) . 

. From T a r b e r t , we t r a v e l l e d by f e r r y t o P o r t E l l e n on t h e i s l a n d 

' I o f I s l a y ( F i g . . 2 ) , on which we examined p a r t s o f t h e ? l a t e s t P r e c a m b r i a n 

I s l a y S u b g r o u p . The Bonahaven D o l o m i t e a t Bonahaven i s l a r g e l y s t r o m a t o -

• • l i t i c , and was sampled by M . R . W a l t e r and myself,••,. The s t r o m a t o l i t e s 



Margin o f a s t r o m a t o l i t i c ^ b i o h e r m , w i t h f l a t bedded, 

d o l o m i t e l a p p i n g on t o i t , i n Bonahaven D o l o m i t e , 

A r g y l l Group ( m i d d l e D a l r a d i a n ) , Bonahaven, I s l a y , 

S c o t l a n d . S c a l e g r a d u a t e d i n cm. 

Neg. N o . 2 7 1 1 0 . 

S t r o m a t o l i t i c d o l o m i t e w i t h c l o s e l y spaced pseudocolumns 

and columns ( c a l c i t i c ) and w i t h d o l o m i t i c i n t e r s p a c e s * . 

Bonahaven D o l o m i t e , A r g y l l Group ( m i d d l e D a l r a d i a n ) , 

Bonahaven, I s l a y , S c o t l a n d . The pen f o r s c a l e i s 14 cm 

l o n g . 

Neg. N o . 2 7 1 1 1 . 

A bed o f t u b e r o u s , d i v e r g e n t l y b r a n c h i n g columnar 

s t r o m a t o l i t e s w i t h even l a m i n a t i o n i n a h i g h e r 

s t r a t i g r a p h i c p o s i t i o n i n t h e Bonahaven D o l o m i t e , 

A r g y l l Group ( m i d d l e D a l r a d i a n ) , Bonahaven, I s l a y , 

S c o t l a n d . The pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 1 2 . 

Margin o f a small s t r o m a t o l i t i c bioherm o f i n c l i n e d 

columns and pseudocolumns, surrounded by o o l i t i c 

d o l o m i t e , Bonahaven D o l o m i t e , A r g y l l Group ( m i d d l e . 

D a l r a d i a n ) , Bonahaven, I s l a y , S c o t l a n d . The pen 

f o r s c a l e i s 14 cm l o n g . 

N e g . N o . 2 7 1 1 3 . 
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were f i r s t d e s c r i b e d by Hackman & K n i l l ( 1 9 6 2 ) then by Spencer & S p e n c e r 

( 1 9 7 2 ) . A t y p i c a l growth sequence observed a t Bonahaven commences as 

l a t e r a l l y r l i n k e d mounds o v e r s m a l l - s c a l e t r o u g h c r o s s - b e d d e d d o l o m i t e ; 

t h e c o n t a c t i s an e r o s i o n s ! s u r f a c e ( F i g . 3 0 ) . T h e o v e r l y i n g bed 

c o n t a i n s small bioherms o f c l o s e l y spaced columnar s t r o m a t o l i t e s , the. 

columns v a r y i n g from 2 t o 7 cm i n d i a m e t e r , and h a v i n g s t e e p l y domed l a m i -

n a t i o n s . Columns are f r e q u e n t l y c a l c i t i c , w i t h d o l o m i t i c i n t e r s p a c e s 

(some l a m i n a t i o n s are a l s o d o l o m i t i c ) ( F i g : 3 2 ) ; , s o m e w h a t l a r g e r bioherm 

• c o n t a i n i n g pseudocolumnar s t r o m a t o l i t e s ( F i g . .31) i s lapped on t o a t i t s 

margin by f l a t bedded c a r b o n a t e s . An upper s t r o m a t o l i t i c d o l o m i t e 

c o n t a i n s markedly d i v e r g e n t l y b r a n c h i n g , w e l l d e f i n e d columns w i t h an 

e v e n , almost banded, l a m i n a t i o n ( F i g . 3 3 ) . O t h e r forms i n c l u d e bioherms 

w i t h i n c l i n e d columns r e s t i n g upon and surrounded by cross-bedded o o l i t i c 

d o l o m i t e ( F i g . 3 4 ) . A lower member o f t h e Bonahaven D o l o m i t e c o n t a i n s 

^black s l a t e s , which were sampled f o r a c r i t a r c h s t u d i e s . 

A t K i e l I s , t h e I s l a y L i m e s t o n e o f t h e B l a i r A t h o l l S u b g r o u p , 

which u n d e r l i e s t h e P o r t A s k a i g T i l l i t e , i s a b l a c k o o l i t i c l i m e s t o n e 

g r a d i n g down i n t o s i l t y b l a c k l i m e s t o n e . 

The b o u l d e r beds o f t h e P o r t A s k a i g T i l l i t e were observed 

near K i e l l s and a t P o r t A s k a i g . Near K i e l l s , a t h i n , s a n d y , d o l o m i t i c 

b o u l d e r bed c o n t a i n s abundant c l a s t s o f b u f f - w e a t h e r i n g d o l o m i t e , 

a p p a r e n t l y d e r i v e d f r o m t h e u n d e r l y i n g d o l o m i t e b e d ; and i s s t r u c t u r a l l y ' 

r e p e a t e d i n a complex o u t c r o p p a t t e r n by f a u l t i n g . I n p l a c e s , an 

e r o s i o n a l s u r f a c e i s v i s i b l e between t h e b o u l d e r bed and t h e u n d e r l y i n g 

d o l o m i t e s ( t o p p a r t o f t h e I s l a y L i m e s t o n e ) . The d o l o m i t e l o c a l l y . 

c o n t a i n s i n t r a f o r m a t i o n a l f l a t - p e b b l e b r e c c i a , and o n e . 2 0 cm wide 



A broad s t r o m a t o l i t e column i n d o l o m i t e o f t h e 

I s l a y L i m e s t o n e , A p p i n G r o u p , ( l o w e r D a l r a d i a n ) , -

i m m e d i a t e l y u n d e r l y i n g t h e b o u l d e r beds o f t h e 

P o r t A s k a i g T i l l i t e . E x p o s u r e n e a r K i e l l s , I s l a y , 

S c o t l a n d . . The pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 1 4 . 

Massive d o l o m i t i c , sandy b o u l d e r beds a t t h e base o f 

t h e P o r t A s k a i g T i l l i t e ; many o f t h e c a r b o n a t e pebbles 

d e r i v e d f r o m t h e u n d e r l y i n g I s l a y L i m e s t o n e have been 

weathered o u t . A r g y l l Group ( m i d d l e D a l r a d i a n ) , i n 

exposure n e a r K i e l l s , I s l a y , S c o t l a n d . 

Neg. N o . 2 7 1 1 5 . 

D o l o m i t i c g r i t and p e b b l e b e d s , w i t h a t h i n i r o n s t o n e 

band ( d a r k band j u s t below pen) w i t h c l e a v e d 

d i a m i c t i t e a t t h e t o p . P o r t A s k a i g T i l l i t e , A r g y l l 

Group ( m i d d l e D a l r a d i a n ) , i n exposure near K i e l l s , 

I s l a y , S c o t l a n d . The pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 1 6 . 

Q u a r t z i t e ( b e l o w ) i n t e r b e d d e d i n t h e P o r t A s k a i g T i l l i t e 

A r g y l l Group ( m i d d l e D a l r a d i a n ) , a t t h e P o r t A s k a i g 

p i e r , I s l a y , S c o t l a n d . Bedded d i a m i c t i t e appears 

h i g h e r i n t h e sequence (above t h e t e l e g r a p h p o l e ) , w h i l e 

massive d i a m i c t i t e i s seen i n s u r r o u n d i n g c o a s t a l 

e x p o s u r e s . . 

Neg. N o . 2 7 1 1 7 . ' 



F i g . 3 7 

Fig. 36 

F i g . 14 



C l e a v e d massive d i a m i c t i t e c o n t a i n i n g s c a t t e r e d 

pebbles and b o u l d e r s o f p i n k g r a n i t e ( w i t h l i t t l e 

m i c a ) , P o r t A s k a i g T i l l i t e , A r g y l l Group ( m i d d l e 

D a l r a d i a n ) , i n c o a s t a l exposure near P o r t A s k a i g , 

I s l a y , S c o t l a n d . The s c a l e i s g r a d u a t e d i n cm. 

Neg. N o . 2 7 1 1 8 . 

I m b r i c a t e d t h r u s t s l i c e s o f bedded Durness L i m e s t o n e , 

w i t h i n p a r t o f t h e Moine T h r u s t z o n e , Loch E r i b o l l , 

S c o t l a n d . The exposure i l l u s t r a t e d i s about 2 m h i g h . 

Neg. N o . 2 7 1 1 9 . 

E x p o s u r e o f much l e s s deformed C a m b r o - O r d o v i c i a n 

s h e l f s e d i m e n t s , i m m e d i a t e l y west o f ana below t h e 

Moine T h r u s t z o n e , Loch E r i b o l l , S c o t l a n d . A t t h e 

t o p , some 5 m o f Durness l i m e s t o n e a r e v i s i b l e , 

o v e r l y i n g % m g r i t t y s a n d s t o n e , then c l e a v e d s i l t s t o n e . 

Massive w h i t e q u a r t z i t e w i t h worm burrows occurs a t t h e 

b a s e . 

Neg. N o . 2 7 1 2 0 . 

P a r t o f a road c u t t i n g exposure o f Cambrian " p i p e r o c k " 

a w h i t e and r e d d i s h q u a r t z i t e w i t h v e r t i c a l worm 

b u r r o w s , f l a r e d a t t h e t o p . S k i a g B r i d g e , Loch 

A s s y n t , S c o t l a n d . The pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 2 1 . . 
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s t r o m a t o l i t e column was observed ( F i g . 3 5 ) . The basal d o l o m i t i c b o u l d e r 

bed has a g r i t t y , sandy m a t r i x and c o n t a i n s a n g u l a r d o l o m i t e c l a s t s 

( F i g . 3 6 ) . I t i s o v e r l a i n by a p e b b l y d o l o m i t e , i n c l u d i n g an i m p e r s i s t e n t 

. 3 cm t h i c k i r o n s t o n e b a n d , f o l l o w e d by a p e b b l y d i a m i c t i t e w i t h a 

c l e a v e d , s l a t y m a t r i x . The uppermost bed i s again . a , d o l o m i t i c g r i t w i t h 

reworked d o l o m i t e c l a s t s ( F i g . 3 7 ) . A t P o r t A s k a i g a c l e a v e d , unbedded 

d i a m i c t i t e c o n t a i n s s c a t t e r e d g r a n i t e b o u l d e r s i n a s c h i s t o s e m a t r i x 

( F i g . 3 9 ) . J u s t above t h e P o r t A s k a i g p i e r , a medium t o f i n e g r a i n e d b l o c k y 

q u a r t z i t e u n d e r l i e s t h e d i a m i c t i t e , w i t h a d i s c o r d a n t ( e r o s i o n a l o r 

f a u l t e d ) c o n t a c t ( F i g . 3 8 ) . 

A f t e r l e a v i n g I s l a y , we t r a v e l l e d by f e r r y t o t h e i s l a n d o f 

A r r a n ( F i g . 2 ) , where we b r i e f l y observed p a r t o f t h e S o u t h e r n H i g h l a n d 

G r o u p , here c o n s i s t i n g o f 30 cm t h i c k beds o f impure dark grey sandstone 

, i n t e r b e d d e d w i t h 10 cm t h i c k d a r k g r e y micaceous s i l t s t o n e s , exposed 

a b o u t 1 km w e s t o f S a n n o x . These beds are a p p r o x i m a t e e q u i v a l e n t s o f 

t h e M a c d u f f S l a t e . 

THE TORRIDON AND STOER GROUPS AND THE LOWER P A L A E O Z O I C SEQUENCE 

WEST OF T H E . M O I N E THRUST 

Durness^Area ( F i g . 2 ) . 

G e o l o g i c r e l a t i o n s a t Loch E r i b o l l near Durness were b r i e f l y 

examined. Here t h r u s t i n g i n an i m b r i c a t e zone ( p a r t o f t h e Moine T h r u s t ' 

Zone) has i n v o l v e d Moine rocks (which o u t c r o p p r e d o m i n a n t l y t o t h e e a s t 

o f t h e t h r u s t ) , and t h e Cambrian s h e l f sediments which are r e l a t i v e l y 

undeformed w e s t o f t h e t h r u s t . The Durness L i m e s t o n e i s here a f l a g g y 

p a l e grey l i m e s t o n e w i t h s t y l o l i t i c p a r t i n g s , r e c r y s t a l l i z e d and h i g h l y , 

v e i n e d w i t h c a l c i t e . W e s t - v e r g e n t recumbent f o l d s and t h r u s t s l i c e s are 

v i s i b l e i n t h e i m b r i c a t e zone ( F i g . 4 0 ) ; s t r u c t u r a l l y below t h i s the • 



View o f t r a n s v e r s e s e c t i o n s o f worm burrows on bedding 

p l a n e . Cambrian " P i p e R o c k " , near S k i a g B r i d g e , Loch 

A s s y n t , S c o t l a n d . 

Neg. N o . 2 7 1 2 2 . 

Cambrian F u c o i d Beds - brown f i n e g r a i n e d b i o t u r b a t e d 

sandstones w i t h b l a c k s h a l y f i l m s , near S k i a g B r i d g e , 

Loch A s s y n t , S c o t l a n d . The pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 2 3 . 

T i g h t i s o c l i n a l f o l d s i n L e w i s i a n gneisses exposed 

i n wavecut p l a t f o r m s a t S t o e r B a y , S c o t l a n d . 

Neg. N o . 2 7 1 2 4 . 

Wavecut p l a t f o r m exposure o f t h e basal u n c o n f o r m i t y 

o f t h e S t o e r Group ( b r e c c i a o f coarse gneiss fragments 

a t l e f t ) on L e w i s i a n gneisses ( a t r i g h t ) . T h e r e i s 

c o n s i d e r a b l e r e l i e f on t h e eroded basement s u r f a c e . 

S t o e r B a y , S c o t l a n d . 

Neg. N o . 2 7 1 2 5 . 



F i g . 10 

Fig. 44 
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beds are less d e f o r m e d , though s i I t s t o n e i n t e r b e d s are s t i l l h i g h l y 

c l e a v e d , and the l i m e s t o n e dips c o n s i s t e n t l y west a t about 3 0 ° , o v e r l y i n g 

Cambrian beds. The f o l l o w i n g s e c t i o n w a s ' o b s e r v e d , seen p a r t l y i n F i g . 4 1 . 

T o p : Durness Limestone Pale; g r e y ; f l a g g y l i m e s t o n e , i n c l u d i n g beds w i t h 

c r y p t a l g a l l a m i n a t i o n , i n t r a f o r m a t i o n a l b r e c c i a , 

( O r d o v i c i a n ) and low domed s t r o m a t o l i t e s . 

L i m e s t o n e w i t h i r r e g u l a r 2-5mm d i a m e t e r burrows 

and w i t h t h e H y o l i t h i d Salterella. 

(Cambrian) "Serpulite Grit" G r i t t y s a n d s t o n e , % m. 

and Fucoid Beds" O l i v e g r e y s l a t y s i l t s t o n e , 2 m . 

" P i p e Rock" ' Massive c l e a n w h i t e ; q u a r t z i t e w i t h v e r t i c a l worm 

b u r r o w s . Very . l a r g e ' s c a l e c r o s s - b e d d i n g . 

• A t S k i a g B r i d g e near Loch A s s y n t ( F i g . 2 ) , t h e " P i p e Rock" was 

a g a i n examined. Some o f t h e worm burrows i n t h e q u a r t z i t e a r e t r u m p e t -

s h a p e d , w i t h f l a r e d openings a t t h e t o p ( F i g s . 4 2 , 4 3 ) . Some have 

reddened i r o n o x i d e - r i c h l i n i n g s . The o v e r l y i n g " F u c o i d Beds" a r e brown . 

f i n e g r a i n e d b i o t u r b a t e d sandstones w i t h b l a c k s h a l y f i l m s , o r i g i n a l l y 

t h o u g h t t o be o f a l g a l o r i g i n . ( F i g . 4 4 ) . 

S t o e r Bay ( F i g . 2) 

West o f t h e Moine T h r u s t , two major unmetamorphosed l a t e P r e -

cambrian redbed sequences r e s t unconformably on t h e o l d e r Precambrian 

( L e w i s i a n ) g n e i s s e s . The l o w e r o f t h e s e , t h e S t o e r G r o u p , examined i n i t s 
i 

t y p e area a t C l a c h t o l l , S t o e r Bay ( F i g . 2 ) , " c o n s i s t s o f o v e r 2 km o f 

unmetamorphosed red b e d s " , r e s t i n g "on a f o s s i l l a n d s u r f a c e w i t h r e l i e f 

o f up t o 400 m i n L e w i s i a n g n e i s s " ( S t e w a r t , 1 9 7 5 ) . The basal u n c o n f o r m i t y 

w i t h a b r e c c i a o f a n g u l a r g n e i s s f r a g m e n t s , l y i n g on an i r r e g u l a r basement 

s u r f a c e , i s w e l l exposed on w a v e - c u t p l a t f o r m s ( F i g s . 4 6 , 4 7 ) . The 



Basal b r e c c i a o f t h e S t o e r Group r e s t i n g unconformably 

o n . e r o d e d L e w i s i a n gneisses i n wavecut p l a t f o r m a t 

S t o e r B a y , S c o t l a n d . The pen f o r s c a l e i s 14 cm l o n g , and 

marks t h e u n c o n f o r m i t y . 

Neg. N o . 2 7 1 2 6 . 

Small i r r e g u l a r ? s t r o m a t o l i t i c mounds i n t h i n l i m y 

i n t e r c a l a t i o n s i n f i n e g r a i n e d red s i l t y s a n d s t o n e s , 

S t o e r G r o u p , S t o e r B a y , S c o t l a n d . The pen f o r s c a l e i s 

14 cm l o n g . . 

Neg. N o ; 2 7 1 2 7 . 

Mudcrack polygons i n w e l l bedded red s i l t y f i n e g r a i n e d 

s a n d s t o n e s , S t o e r G r o u p , S t o e r B a y , . S c o t l a n d . The s c a l e 

i s g r a d u a t e d i n cm. 

Neg. N o . 2 7 1 2 8 . 

V e r y l a r g e mudcrack polygons i n w e l l bedded r e d . s i l t y 

f i n e g r a i n e d s a n d s t o n e s , S t o e r G r o u p , S t o e r B a y , 

S c o t l a n d . 

Neg. N o . 2 7 1 2 9 . 



Fig. 47 

F i g . 50 

Fig. 48 

F i g . 14 



F i g . 5 1 . . The S t a c Fada Member, a v o l c a n i c mudflow b r e c c i a 
\ 

( d a r k on t h e p h o t o g r a p h ) o v e r l y i n g and p a r t l y 

i n t r u d i n g f l a g g y red sandstones o f t h e S t o e r 

G r o u p , S t o e r B a y , S c o t l a n d . An i n t r u s i v e tongue 

o f t h e b r e c c i a a t l e f t wedges o u t between sandstone 

b e d s . 

Neg. N o . 2 7 1 3 0 . 

F i g . 5 2 . A sequence o f i n t e r c a l a t e d f l a g g y red sandstones and 

s i l t s t o n e s o f t h e S t o e r G r o u p , S t o e r B a y , S c o t l a n d . 

Neg. N o . 2 7 1 3 1 . 

F i g . .53. A t h i n i n t e r b e d o f c y p t a l g a l a m i n a t e d l i m e s t o n e 

f r o m which m i c r o f o s s i l s a r e known, i n red sandstones 

o f t h e S t o e r G r o u p , S t o e r B a y , S c o t l a n d . The w i s p y 

red l a m i n a t i o n i s r e m i n i s c e n t o f t h e s t r a t i f o r m 

s t r o m a t o l i t e Malginella seen i n t h e U r a l s . The pen 

f o r s c a l e i s 14 cm l o n g . 

Meg. N o . 2 7 1 3 2 . 

F i g . 5 4 . G r i t t y and p e b b l y s a n d s t o n e near t h e base o f t h e 

S t o e r G r o u p , l a p p i n g a g a i n s t l a r g e rounded b o u l d e r s 

o f L e w i s i a n g n e i s s , i n wavecut p l a t f o r m exposure 

a t Enard B a y , S c o t l a n d . 

Neg. N o . 2 7 1 3 3 . 



Fig. 51 

F i g . 10 
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u n d e r l y i n g L e w i s i a n gneisses are t i g h t l y f o l d e d ( F i g . 4 5 ) . The b r e c c i a 

i s o v e r l a i n by red s a n d s t o n e , i n c l u d i n g t h i n , l e n t i c u l a r l i m y bands ( l e s s 

than 2 cm t h i c k ) w i t h c r y p t a l g a l l a m i n a t i o n and v e r y low s t r o m a t o 1 i t i c 

bumps ( F i g . 4 8 ) . The sandstones are s i l t y , f i n e g r a i n e d , p o o r l y s o r t e d , 

r e d - b r o w n i n c o l o u r , and w e l l bedded. Red s i l t s and f i n e sands p e r s i s t 

upward, and l a r g e , complex mudcracks become p r o m i n e n t ( F i g s . 4 9 , 5 0 ) . 

T h i s u n i t i s o v e r l a i n by r e d , c r o s s - b e d d e d sandstones o f f l u v i a t i l e o r i g i n , 

c o n t a i n i n g pebbles up t o 10 cm. Beds 0 . 2 t o 1 . 0 m t h i c k d i s p l a y t r o u g h c r o s s -

bedding w i t h p e b b l y l a y e r s . 

The S t a c Fada Member, a marker h o r i z o n w i t h i n t h i s sequence, i s 

i n t e r p r e t e d as a v o l c a n i c mudflow. I t i s a f i n e s a n d y , h e m a t i t i c , i l l -

s o r t e d r e d - b r o w n v o l c a n i c l a s t i c sediment c o n t a i n i n g r o c k f r a g m e n t s , 

l a p i l l i , and g l a s s s h a r d s . P i n k f e l d s p a r g r a i n s g i v e t h e weathered s u r f a c e 

a honeycomb t e x t u r e . Sandstone beds below t h e mudflow a r e p a r t i a l l y 

d i s r u p t e d , as wedges o f i t were d r i v e n i n t o i t s s u b s t r a t e ( F i g . 5 1 ) . 

The o v e r l y i n g red s a n d s t o n e - s i I t s t o n e sequence ( F i g . 52) i n c l u d e s 

a t h i n grey s h a l e which has y i e l d e d m i c r o f o s s i I s , perhaps marine p h y t o p l a n k t o n 

( C l o u d •& Germs, 1 9 7 1 ) . A t h i n l y l a m i n a t e d ( ? c r y p t a l g a l ) l imestone, 

i n t e r b e d a few c e n t i m e t r e s t h i c k a l s o y i e l d e d a m i c r o f l o r a ( D o w n i e , 1 9 6 2 ) . 

The w i s p y t h i n red laminae o f t h i s l i m e s t o n e ( F i g , 53) were h i g h l y 

r e m i n i s c e n t o f Malginella malgica, a s t r a t i f o r m s t r o m a t o l i t e , seen i n t h e 

U r a l Mountains o f t h e USSR. 

Moorbath ( 1 9 6 9 ) , o b t a i n e d a Rb/Sr whole rock i s o c h r o n from a r e d 

s h a l e w i t h i n t h e S t o e r Group w i t h an age o f 935 ± 24 m . y . . and i n i t i a l r a t i o 

0 . 7 0 8 6 ± 0 . 0 0 1 6 (X = 1 . 4 7 x 10 y r s . ) . 



Very l a r g e s c a l e c r o s s - b e d s i n f e l d s p a t h i c sandstones 

o f t h e S t o e r G r o u p , Enard B a y , S c o t l a n d . 

Neg. N o . 2 7 1 3 4 . 

R e d . f e l d s p a t h i c sandstones o f t h e A u l t b e a F o r m a t i o n , 

T o r r i d o n G r o u p , unconformably o v e r l a i n by c a l c a r e o u s 

b r e c c i a o f t h e T r i a s s i c New Red Sandstone s e q u e n c e , 

i n c o a s t a l e x p o s u r e near U d r i g l e , S c o t l a n d . 

Neg. N o . 2 7 1 3 5 . 

L a r g e slump r o l l s (up to 2 m t h i c k ) i n r e d d i s h 

f e l d s p a t h i c sandstone o f t h e A u l t b e a F o r m a t i o n , 

T o r r i d o n G r o u p , i n c o a s t a l exposure n e a r U d r i g l e , 

S c o t l a n d . 

Neg. N o . 2 7 1 3 6 . 

Basal b r e c c i a o f t h e D i a b a i g F o r m a t i o n , T o r r i d o n 

G r o u p , a t G a i r l o c h , S c o t l a n d . The s c a l e i s 

g r a d u a t e d i n cm. 

N e g . N o . 2 7 1 3 7 . 



Fig. 55 
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E n a r d Bay ( F i g . 2) 

P a r t o f the S t o e r Group exposed a t t h e s o u t h e r n end o f E n a r d 

Bay c o n s i s t s o f massive red s a n d s t o n e beds w i t h steep f o r e s e t s some 

2 m h i g h ( F i g . 5 5 ) . A t t h e base o f t h e s u c c e s s i o n , g r i t t y sandstone i s 

seen t o l a p a g a i n s t l a r g e , rounded b o u l d e r s o f L e w i s i a n gneiss ( F i g . 5 4 ) . 

I n p l a c e s , t h e g n e i s s b o u l d e r s a r e c o n c e n t r i c a l l y draped w i t h red 

l a m i n a t e d l i m e s t o n e ; p o s s i b l e i n t e r p r e t a t i o n s f o r t h i s i n c l u d e f o s s i l 

c a l c r e t e c r u s t s o r s t r o m a t o l i t i . c mats c o a t i n g t h e b o u l d e r s . A h o r i z o n t a l 

. . s e c t i o n o f a f o s s i l c l i f f t a l u s , exposed i n the w a v e - c u t p l a t f o r m , 

c o n s i s t s o f l a r g e d i s o r i e n t e d b o u l d e r s s e t i n a m a t r i x o f s m a l l e r c o b b l e s . 

T h i s occurs a g a i n on t h e n o r t h s i d e o f a h e a d l a n d , b u t i s here u n d e r l a i n 

by t h e S t a c Fada Member v o l c a n i c b r e c c i a w i t h l a m i n a t e d l a p i l l i . The 

Member i s l e n t i c u l a r h e r e , owing t o t h e r e l i e f on the basement s u r f a c e . 

The T o r r i d o n G r o u p , which d i s conformably o v e r l i e s t h e S t o e r 

Group i s s u b d i v i d e d i n t o t h e f o l l o w i n g f o u r f o r m a t i o n s : 

T o p : ' C a i l l e a c h Head F o r m a t i o n 

A u l t b e a F o r m a t i o n 

A p p l e c r o s s F o r m a t i o n 

B a s e : D i a b a i g F o r m a t i o n 

The s t r a t i g r a p h y , s e d i m e n t o l o g y and r e l a t i o n s o f t h e s e u n i t s are d i s c u s s e d 

by W i l l i a m s ( 1 9 6 6 ) and S t e w a r t ( 1 9 7 5 ) . Small o u t c r o p s seen a few k i l o -

metres i n l a n d f r o m Enard Bay i n c l u d e g r i t t y , pebbly f e l d s p a t h i c s a n d s t o n e 
> 

w i t h red g r a n u l e s ( e i t h e r D i a b a i g o r basal A p p l e c r o s s ) . 

L a i d e - U d r i g l e Area ( F i g . 2) . 

Here t h e A u l t b e a F o r m a t i o n i s w e l l exposed i n w a v e - c u t p l a t f o r m s , 

and c o n s i s t s o f w e l l l a m i n a t e d deep p i n k f e l d s p a t h i c , medium g r a i n e d 

q u a r t z i t i c s a n d s t o n e s . . I n places t h e bedding i s o u t l i n e d by b l a c k heavy 

m i n e r a l bands. Some beds are s t r o n g l y c o n t o r t e d by s l u m p i n g , ( F i g . 5 7 ) , 
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a f f e c t i n g beds up t o 2 m t h i c k , and o v e r l a i n by f l a t u n a f f e c t e d b e d s . 

A c a l c a r e o u s cemented b r e c c i a o f a n g u l a r sandstone, fragments unconformably 

o v e r l i e s t h e t i l t e d beds o f t h e T o r r i d o n G r o u p ; t h e b r e c c i a i s p a r t o f 

t h e l o c a l T r i a s s i c New Red Sandstone sequence ( F i g . 5 6 ) . 

G a i r l o c h A r e a 

C o a s t a l exposures a t G a i r l o c h ( F i g . 2) i n c l u d e massive f i n e 

g r a i n e d sandstone w i t h i n t e r b e d s o f dark g r e y , micaceous c o a r s e > s i l t s t o n e 

( D i a b a i g ) . The basal u n i t o f t h e D i a b a i g F o r m a t i o n , exposed j u s t onshore 

a t G a i r l o c h , i s a b r e c c i a c o n s i s t i n g o f v e r y a n g u l a r f r a g m e n t s o f q u a r t z , 

s c h i s t , gneiss and j a s p e r i n a s a n d y , s i l t y m a t r i x ( F i g . 5 8 ) . 

P i n k coarse g r a i n e d a r k o s e w i t h red f r e s h f e l d s p a r g r a n u l e s up 

t o 2 mm,and heavy mineral l a m i n a t e d c r o s s - b e d d e d medium-grained sandstone 

seen near Loch Maree ( F i g . 61) b e l o n g t o t h e A p p l e c r o s s F o r m a t i o n ( F i g . 5 9 ) . 

Dark g r e e n i s h - g r e y sandstones c o n t a i n i n g f r e s h h o r n b l e n d e and f e l d s p a r 

and coarse medium-grey s i I t s t o n e s a r e i n t e r b e d d e d . Moorbath (1969) 

o b t a i n e d a R b / S r i s o c h r o n o f 7 5 1 ± 2 4 m . y . f o r red s h a l e s o f t h e A p p l e c r o s s 

and C a i l l e a c h Head F o r m a t i o n s w i t h i n i t i a l S r 8 7 / S r 8 6 r a t i o o f 0 . 7 2 1 6 ± 

0 . 0 0 1 9 (X = 1 . 4 7 x 1 0 " 1 1 y e a r s ) . 

Loch Damh A r e a ( F i g . 2) 

A t B a l g y B r i d g e o v e r Loch Damh, t h e r e a r e exposures o f coarse 

basal sandstone o f t h e D i a b a i g F o r m a t i o n , w i t h m i n o r p e b b l e s o f q u a r t z , 

red j a s p e r , f e l d s p a r and red sandstone r e s t i n g unconformably on 

L e w i s i a n g n e i s s e s . A c o a s t a l s e c t i o n shows t h e same basal D i a b a i g g r i t s 

a b u t t i n g a g a i n s t a s t e e p e r o s i o n a l s u r f a c e on t h e basement. Away f r o m 

t h e u n c o n f o r m i t y , t h e sandstone becomes f l a t - b e d d e d w i t h f i n e r and f e w e r 

p e b b l e s . Graded bedding i s p r o b a b l y .due t o s h e e t f l o o d i n g on a r i v e r 

f l o o d p l a i n . The o v e r l y i n g sediments a r e g r e e n i s h and dark grey p l a t y 



F i g . 59. Coarse g r a i n e d a r k o s e o f t h e A p p l e c r o s s F o r m a t i o n , 

T o r r i d o n G r o u p , n e a r Loch Maree, S c o t l a n d . The 

pen f o r s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 3 8 . 

F i g . 60. Dark g r e y s i l t s t o n e i n t e r b e d i n t h e D i a b a i g F o r m a t i o n , 

T o r r i d o n G r o u p , i n c l u d i n g a t h i n p h o s p h o r i t e lens 

( w e a t h e r e d i n r e l i e f . c e n t r e o f p h o t o g r a p h ) , near 

B a l g y B r i d g e o v e r Loch Damh, S c o t l a n d . The pen f o r 

s c a l e i s 14 cm l o n g . 

Neg. N o . 2 7 1 3 9 . 

F i g . 6 1 . , View across Loch Maree t o Mount S l i o c h , S c o t l a n d , 

showing a capping o f t h e T o r r i d o n Group rocks o v e r 

L e w i s i a n basement. 

Neg. N o . 2 7 1 4 0 . 

F i g . 6 2 . P l e i s t o c e n e b o u l d e r c l a y exposed i n road c u t n e a r 

New G a l l o w a y , S c o t l a n d . : 

Neg. N o . 2 7 1 4 1 . 



F i g . 62 F i g . 14 



Q u a r r y exposure o f t h e C a r a d o c i a n ( O r d o v i c i a n ) 

S t i n c h a r L i m e s t o n e near G i r v a n , S c o t l a n d . The 

l i m e s t o n e occurs i n beds d i p p i n g t o t h e r i g h t a t 

t h e r i g h t o f t h e p h o t o g r a p h ; i t i s f a u l t e d a g a i n s t 

a graded greywacke sequence a t l e f t , i n t u r n 

f a u l t e d a g a i n s t s e r p e n t i n i t e . 

Neg. N o . 2 7 1 4 2 . 

O v o i d Girvanella o n c o l i t e s i n s h e l l y b i o c l a s t i c 

l i m e s t o n e , C a r a d o c i a n S t i n c h a r L i m e s t o n e , i n 

q u a r r y n e a r G i r v a n , S c o t l a n d . P e n s c a l e i s 

14 cm l o n g . ' H ^ a T ' i f ' " " 

Neg. N o . 2 7 1 4 3 . 

S h e l l y and p a r t l y o o l i t i c b i o c l a s t i c l i m e s t o n e , 

C a r a d o c i a n S t i n c h a r L i m e s t o n e , i n q u a r r y n e a r 

G i r v a n , S c o t l a n d . Lens cap f o r s c a l e 5 . 3 cm i n 

d i a m e t e r . 

Neg. N o . 2 7 1 4 4 . . 

Graded bedding i n greywacke exposed i n l i m e s t o n e 

q u a r r y near G i r v a n , S c o t l a n d . The pen f o r s c a l e 

i s 14 cm l o n g . 

N e g . N o . 2 7 1 4 5 . . 



Fig. 63 

F i g . 6 5 

Fig. 64 

F i g . 14 



f i n e grained: sandstone and coarse micaceous s i I t s t o n e . A lens o f b l a c k . 

p h o s p h o r i t e , : h t o 1 cm t h i c k ( F i g . 60) was sampled f o r m i c r o f o s s i l s . 

The basal p a r t o f t h e o v e r l y i n g A p p l e c r o s s F o r m a t i o n , a c o a r s e r e d 
i • 

f e l d s p a t h l c Jsandstone w i t h t r o u g h c r o s s - b e d d i n g , i s exposed n e a r b y . 

/ 
i 

P A L A E O Z O I C CARBONATE ROCKS OF SOUTH-WEST SCOTLAND 

G i r v a n ( F i g . 2) 

The C a r a d o c i a n ( O r d o v i c i a n ) S t i n c h a r L i m e s t o n e i s exposed i n 

a q u a r r y n e a r G i r v a n , t o g e t h e r w i t h f a u l t wedges o f greywacke and 

s e r p e n t i n i t e ( F i g . 6 3 ) . The l i m e s t o n e c o n t a i n s an abundant s h e l l y f a u n a 

( F i g . 65) t o g e t h e r w i t h o o l i t e s and s c a t t e r e d Girvanella o n c o l i t e s 

( F i g . 6 4 ) , which t e n d t o be o f i r r e g u l a r o u t l i n e r a t h e r t h a n c i r c u l a r . 

The l i m e s t o n e i s f a u l t e d a g a i n s t a graded greywacke sequence ( F i g . 6 6 ) , 

i n t u r n i n f a u l t c o n t a c t w i t h a s e r p e n t i n i t e . 

I n t h e v i c i n i t y o f New G a l l o w a y ( F i g . 2 ) , one o f many exposures 

o f P l e i s t o c e n e t i l l was p h o t o g r a p h e d . I t i s a g r i t t y b o u l d e r c l a y w i t h 

numerous f a c e t t e d and s t r i a t e d pebbles and cobbles ( F i g . 6 2 ) . 

Langholm A r e a ( F i g . 2) 

E a r l y C a r b o n i f e r o u s c a r b o n a t e s a r e p o o r l y exposed i n s t r e a m beds 

at B l a c k b u r n near Langholm. A p a l e brown w e a t h e r i n g l i m e s t o n e c o n t a i n s 

columnar b r a n c h i n g s t r o m a t o l i t e s 5 t o 7 cm i n d i a m e t e r , seen i n t r a n s v e r s e 

s e c t i o n . Some bedding p l a n e s c o n t a i n p r o b a b l e gypsum pseudo morphs . A t 

a r r a s W a t e r , 8 km s o u t h o f L a n g h o l m , a sequence o f dark g r e y f l a g g y d o l o m i t e s 

and i n t e r b e d d e d s h a l e s i s exposed ( F i g . 6 7 ) . These sediments a l l b e l o n g 

t o t h e Lower B o r d e r Group ( L e e d e r , 1 9 7 5 ) , ; f o r m e r l y r e f e r r e d t o as t h e 

Cementstone G r o u p . L e e d e r ( 1 9 7 5 ) d e s c r i b e d t h e morphology and palaeo'ecology 

o f t h e s t r o m a t o l i t e s . 



F i g . 6 7 . ! F l a g g y d o l o m i t e s w i t h iriterbedded b l a c k s h a l e s 

o f t h e Cementstone Group ( L o w e r B o r d e r G r o u p ) , Upper 

V i s e a n , T a r r a s Water , 8 km s o u t h o f L a n g h o l m , S c o t l a n d 

N e g . N o . 2 7 1 4 6 . 

• F i g . 68. P i l l o w l a v a s o f t h e Llanddwyn S p i l i t i c F o r m a t i o n , 

exposed on beach a t Llanddwyn B a y , A n g l e s e y , W a l e s . 

The p i l l o w s i n d i c a t e a s o u t h - e a s t f a c i n g ( t o t h e r i g h t ) 

Neg. N o . 2 7 1 4 7 . 

F i g . 6 9 . C h e r t s between p i l l o w s t r u c t u r e s i n t h e Llanddwyn 

S p i l i t i c F o r m a t i o n , Llanddv^yn B a y , A n g l e s e y , W a l e s . 

The pen f o r s c a l e i s 14 cm l o n g . 

N e g . N o . 2 7 1 4 8 . 

F i g . 7 0 . L e n t i c u l a r o o l i t i c red c h e r t i n t e r b e d i n h i g h l y 

c l e a v e d l i m e s t o n e (?Gwna L i m e s t o n e ) , A n g l e s e y , 

/ ; W a l e s . T h e pen f o r s c a l e i s 14 cm l o n g . 

N e g . N o . 2 7 1 4 9 . 
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PRECAMBRIAN ROCKS OF WALES |AND THE WELSH BORDERLANDS 

A n g l e s e y | 

A l a t e Precambrian e u g e o s y n c l i n a l c o m p l e x , t h e Monian S u p e r g r o u p 
' * ' 

( S h a c k l e t o n , 1 9 7 5 ) wasexamined c o a s t a l exposures on A n g l e s e y . S h a c k l e t o n , 

( p . 7 7 ) records t h e f o l l o w i n g s u c c e s s i o n on A n g l e s e y : -

F y d l y n F e l s i t i c F o r m a t i o n (50 m) 

' . GWNA GROUP (3 000 m) 

T y f r y F o r m a t i o n ( p u r p l e g r i t s ) 

: Gwna Melange F o r m a t i o n ( b r e c c i a w i t h o r t h o q u a r t z i t e s , 

l i m e s t o n e , p i l l o w l a v a ) 

' C e i n w e n and Llanddwyn S p i l i t i c F o r m a t i o n (300 m) 

. P e l i t i c beds 

Engan S p i l i t i c F o r m a t i o n (500 m) 

P e l i t i c beds 

. T r i p l e "Group" F o r m a t i o n ( l i m e s t o n e , g r a p h i t i c p e l i t e and 

. . . o r t h o q u a r t z i t e ) 

S K E R R I E S GROUP (500 m) 

i n c l u d e s C h u r c h . B a y T u f f F o r m a t i o n . a n d . S k e r r i e s F o r m a t i o n . 

NEW HARBOUR GROUP ( 2 000 m) 

. . . . ( p e l i t e s and semi p e l i t e s w i t h p i l l o w l a v a s ) . . . . . . 

R h o s c o l y n F o r m a t i o n ( 7 0 0 m) ( t u r b i d i t e s ) 

H o l y h e a d Q u a r t z i t e (500 m) ( o r t h o q u a r t z i t e s ) 

S o u t h S t a c k F o r m a t i o n (250 m): ( t u r b i d i t e s ) 

iThe Llanddwyn S p i l i t i c F o r m a t i o n is. exposed on a sandy beach 

and low c l i f f s a t Llanddwyn Bay n e a r Newborough. F i n e g r a i n e d green 

s o d a - r i c h b a s a l t s c o n t a i n w e l l d e v e l o p e d , s o u t h - e a s t f a c i n g p i 1Tow 
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s t r u c t u r e s ( F i g . 6 8 ) . T h i n bands o f r e d - j a s p e r and r a r e l e n s e s o f b l a c k 
i • • • i 

c h e r t o c c u r . b e t w e e n t h e p i l l o w s ( F i g . 6 9 ) ! . ' \ T h £ ; l a t t e r w e r e sampled 

by D r . M u i r f o r m i c r o f o s s i l s t u d y . A sequence e x p o s e d i n low c l i f f s 

c o n t a i n s c o n g l o m e r a t e s o f g r e e n b a s a l t f r a g m e n t s up t o 5 cm l o n g , p a r t l y 
' i i 

a n g u l a r , s e t i n a m a t r i x o f v o l c a n i c d e t r i t u s , p o s s i b l y t u f f a c e o u s . 

T h e s e a r e f o l l o w e d by g r e e n s l a t e s w i t h i n t e r b e d d e d g r e y w a c k e s w i t h much 

v o l c a n i c d e t r i t u s and some t h i c k g r a d e d b e d s . S t e e p l y p l u n g i n g f o l d s h a v e 

an a x i a l p l a n e s l a t y c l e a v a g e . A r e d s p h e r u l i t l c c h e r t o c c u r s i n l e n s e s 

I n a h i g h l y c l e a v e d g r e e n i s h - g r e y l i m e s t o n e and p u r p l e ? t u f f a c e o u s s i l t s t o n e s 

( F i g . 7 0 ) . S i m i l a r l i m e s t o n e i s e x p o s e d n e a r b y i n t e r b e d d e d w i t h s i l t y 

l i m e s t o n e and p u r e w h i t e l i m e s t o n e , a l l c o n s i d e r a b l y s h e a r e d and 

r e c r y s t a l l i s e d (Gwna L i m e s t o n e ) . 

A t Cemaes B a y , on t h e n o r t h e r n s h o r e o f A n g l e s e y , t h e Gwna M e l a n g e i s 

w e l l e x p o s e d i n c o a s t a l c l i f f s . I t i s i n t e r p r e t e d as a s u b m a r i n e s l i d e 

b r e c c i a o r o l i s t o s t r o m e ( S h a c k l e t o n , 1 9 7 5 ) and c o n t a i n s l a r g e masses o f w h i t e 

o r t h o q u a r t z i t e and c a r b o n a t e s i n a f o l i a t e d m a t r i x o f s h e a r e d and comminuted 

f i n e g r a i n e d , s i l t y , micac e o u s l i t h i c s a n d s t o n e ( F i g . 7 3 ) . C o n t a c t s o f 

t h e q u a r t z i t e b l o c k s w i t h t h e m a t r i x i n v o l v e s h a t t e r i n g o f t h e q u a r t z i t e a n d 

s h e a r i n g o f t h e m a t r i x ( F i g . 7 2 ) . L e n t i c u l a r q u a r t z i t e b o u d i n s a r e i n c o r p o r a t e d 

i n t h i s s h e a r e d m a t r i x . Some s m a l l e r q u a r t z i t e p e b b l e s a r e r o u n d e d , o t h e r s 

a r e e l o n g a t e d , b o t h p a r a l l e l and p e r p e n d i c u l a r t o t h e s h e a r i n g d i r e c t i o n . 

T e n s i b n a l q u a r t z v e i n s a r e p e r p e n d i c u l a r t o t h e f o l i a t i o n ( F i g . 7 1 ) . 

T h e s e i f e a t u r e s s u g g e s t t h a t t h e s t r u c t u r e , o f t h e melange has been 
• ' • i • 

c o n s i d e r a b l y m o d i f i e d t e c h n i c a l l y , t h o u g h t h e o r i g i n a l slump o r i g i n i s 

e v i d e n t f r o m t h e u n s o r t e d r o c k f r a g m e n t s i n v o l v e d i n t h e m a t r i x . . I r r e g u l a r 

f r a g m e n t s o1j brown d o l o m i t e a p p e a r t o h a v e been p a r t l y r e m o b i l i z e d e i t h e r 



B r e c c i a c o n t a i n i n g a n g u l a i r f r a g m e n t s o f q u a r t z i t e i n 
I 

s h e a r e d s i l t y m a t r i x , Gwn'a Melange F o r m a t i o n , Cemaes 
! j N 

B a y , A n g l e s e y , W a l e s . T e n s i o n a l q u a r t z v e i n s a r e 
i 

p e r p e n d i c u l a r t o t h e f o l i a t i o n . Pen f o r s c a l e i s 

14 cm l o n g . 

N e g . N o . 2 7 1 5 0 . 

V e r y l a r g e b l o c k o f w h i t e o r t h o q u a r t z i t e i n c o r p o r a t e d 

i n b r e c c i a o f t h e Gwna M e l a n g e F o r m a t i o n , Cemaes B a y , 

A n g l e s e y , W a l e s . T h e c o n t a c t s o f t h e b l o c k w i t h the 

m a t r i x a r e c o n s i d e r a b l y s h e a r e d , f r a c t u r e d and s l i c k e n s i d e d . 

N e g . N o . 2 7 1 5 1 . 

L a r g e o r t h o q u a r t z i t e b l o c k s i n s h e a r e d b r e c c i a o f t h e 

Gwna M e l a n g e F o r m a t i o n , Cemaes B a y , A n g l e s e y , W a l e s . 

N e g . N o . 2 7 1 5 2 . 

P a r t l y m o b i l i z e d c l a s t s o f d o l o m i t e i n s h e a r e d b r e c c i a 

m a t r i x , Gwna M e l a n g e F o r m a t i o n , Cemaes B a y , A n g l e s e y , 

W a l e s . T h e pen f o r s c a l e i s 1 4 cm l o n g . 

N e g . N o . 2 7 1 5 3 . 
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d u r i n g s l u m p i n g o r s u b s e q u e n t d e f o r m a t i o n ( F i g . 7 4 ) . L a r g e r c o n t o r t e d 

b l o c k s o f b l u e - g r e y d o l o m i t e , w e a t h e r i n g brown and p a r t l y w e l l - b e d d e d , a r e 

M n c o n t a c t w i t h f r a g m e n t e d q u a r t z i t e s and t h i n l y bedded brown s a n d s t o n e s . 

T e n s i o n a l f e a t u r e s a r e a g a i n p e r p e n d i c u l a r t o t h e s h e a r i n g d i r e c t i o n . 
i ; 

A v e r y l a r g e b l o c k o f m a s s i v e j medium g r e y l i m e s t o n e c o n t a i n s 

s t r o m a t o l i t e s w i t h t u b e r o u s i n c l i n e d and v e r t i c a l columns ( F i g . 7 6 ) . 

I n t e r s p a c e s a r e f i l l e d w i t h f l a t - p e b b l e b r e c c i a s . F l a t and r o u n d e d i n t r a -

c l a s t b r e c c i a s o v e r l i e t h e s t r o m a t o l i t i c b e d ' ( F i g . i : 7 5 ) . Samples w e r e 

' c o l l e c t e d f o r f u r t h e r s t u d y . ... 

Church S t r e t t o n ( F i g . 2) 

The Longrnyndian s u c c e s s i o n o f S h r o p s h i r e , some 8 km t h i c k , i s 

f o l d e d i n t o an o v e r t u r n e d i s o c l i n a l s y n c l i n e , and i s s u b d i v i d e d as 

f o l l o w s ( D u n n i n g , 1 9 7 5 ) : 

Wentrior G r o u p : 

; 3 700 m 

s t r e t t o n G r o u p : 

- n -

B r i d g e s F o r m a t i o n ( m a i n l y p u r p l e 

m u d s t o n e s , s i l t s t o n e s , s a n d s t o n e s ) . 

B a y s t o n - O a k s w o o d F o r m a t i o n ( m a i n l y 

c o a r s e p u r p l e s a n d s t o n e s and g r i t s , 

m i n o r mudstones and c o n g l o m e r a t e s ) . 

- u n c o n f o r m i t y -

P o r t w a y F o r m a t i o n ( p u r p l e and g r e e n i s h -

g r e y s h a l y mudstones and s i l t s t o n e s w i t h " 

s a n d s t o n e b a n d s . 
; i : 

L i g h t s p Q U t F o r m a t i o n ( f l a g g y g r e e n i s h -
i 

g r e y and p u r p l e s i l t s t o n e s w i t h s a n d s t o n e 

• b a n d s , m a s s i v e n e a r t h e b a s e . ' 

S y n a l d s ] F o r m a t i o n ( p u r p l e s h a l y mud-

s t o n e s w i t h s u b o r d i n a t e s a n d s t o n e ) . 

I n c l u d e s B a t c h V o l c a n i c s ( e p i d o t i c 

c r y s t a l - l i t h i c t u f f ) . 



7 ' 

I 1 

F i g . 7 5 . S t r o m a t o l i t i c i n t e r b e d i n a l a r g e l i m e s t o n e b l o c k 

' i n t h e Gwna Melange F o r m a t i o n , Cemaes B a y , A n g l e s e y , 

L W a l e s . T h e pen f o r s c a l e i s 14 cm l o n g . 

N e g . N o . 2 7 1 5 4 . 
> •• • V ' ; i 

F i g . 7 6 . T u b e r o u s c o l u m n a r s t r o m a t o l i t e s i n l a r g e l i m e s t o n e 

. . b l o c k i n t h e Gwna Melange F o r m a t i o n , Cemaes B a y , 

A n g l e s e y , W a l e s . T h e pen f o r s c a l e i s 14 cm l o n g . 

N e g . N o . 2 7 1 5 5 . 

F i g . 7 7 . . ; ^ P u r p l e l i t h i c s a n d s t o n e and s i l t s t o n e o f t h e 

: : . S y n a l d s F o r m a t i o n , S t r e t t o n Group o f t h e Longniyndian 

s u c c e s s i o n , C a r d i n g m i l l V a l l e y , Church S t r e t t o n , 

S h r o p s h i r e , E n g l a n d . T h e pen f o r s c a l e i s 14 cm 

; ; l o n g . 

; N e g . N o . 2 7 1 5 6 . 

F i g . 7 8 . N o d u l a r bedded l i m e s t o n e p a s s i n g l a t e r a l l y i n t o 

m a s s i v e b i o h e r m a l l i m e s t o n e ( S i l u r i a n ) , i n d i s u s e d 

q u a r r y on t h e s c a r p o f Wenlock E d g e , E n g l a n d . 

• • H ^ ' N e g . N o . 2 7 1 5 7 . 



Fig. 75 Fig. 76 



Burway F o r m a t i o n ( f l a g g y g r e e n i s h - g r e y 
t * i 

l a m i n a t e d s i l t s t o n e s w i t h s a n d s t o n e 

l a y e r s ; ! d u s t - t u f f a t b a s e ) , 
i . 

S t r e t t o r i S h a l e F o r m a t i o n ( g r e e n i s h -

g r e y m u d s t o n e s , l i t h i c t u f f ) . 
i i 

B o t h g r o u p s o f t h e Longniyndian a r e o l d e r t h a n t h e U r i c o n i a n 

V o l c a n i c s which u n c o n f o r m a b l y o v e r l i e t h e W e n t n o r G r o u p ( J a m e s , 1 9 5 6 ) . 

A c o n g l o m e r a t e o f t h e Wentnor Group i s p o o r l y e x p o s e d on a 

• h i l l s i d e n e a r Church S t r e t t o n . I t c o n s i s t s o f 1 - 8 cm d i a m e t e r r o u n d e d 

p e b b l e s o f q u a r t z , q u a r t z i t e and s a n d s t o n e i n a g r i t t y m a t r i x . 

T h e S t r e t t o n Group was examined i n t h e C a r d i n g m i l l V a l l e y , where 

s t e e p l y d i p p i n g p u r p l e and g r e y i s h s i l t s t o n e s w i t h p u r p l e s h a l y p a r t i n g s 

( F i g . 7 7 ) , b e l o n g i n g t o t h e S y n a l d s F o r m a t i o n , a r e o v e r l a i n by s i l t s t o n e s 

w i t h r a r e i n t e r b e d s o f l i t h i c p u r p l i s h - g r e y s a n d s t o n e and g r i t . C u r r e n t 

l i n e a t i o n s and f l u t e c a s t s o c c u r on t h e s o l e s o f some b e d s . T h e o v e r l y i n g 

L i g h t s p o u t F o r m a t i o n c o n s i s t s h e r e o f p u r p l e s i l t s t o n e and c o a r s e , g r e e n i s h 

l i t h i c s a n d s t o n e . T h e S t r e t t o n S h a l e F o r m a t i o n was o b s e r v e d a t A s h i e s 

H o l l o w C o t t a g e , L i t t l e S t r e t t o n ; i t c o n s i s t s o f d a r k g r e e n i s h s p l i n t e r y , 

s i l t y s h a l e s w i t h m i n o r i n t e r b e d s o f l i t h i c s a n d s t o n e . T h e s h a l e s have 

a p o o r l y d e v e l o p e d v e r t i c a l s l a t y c l e a v a g e . B a t h ( 1 9 7 4 ) c o n c l u d e s f r o m 

R b / S r w h o l e r o c k i s o c h r o n s o b t a i n e d (529; ± 6 m . y . f o r t h e Burway F o r m a t i o n , 
i i 

452 ± 3 1 m . y . f o r t h e S y n a l d s F o r m a t i o n ! and 529 ± 23 m . y . f o r t h e 

L i g h t s p o u t F o r m a t i o n ) " t h a t t h e Longmyndian s e d i m e n t s were d e p o s i t e d no 

e a r l i e r t h a n c . 600 m . y . i . e . i n t h e C a m b r i a n o r t h e v e r y l a t e P r e c a m b r i a n " . 
! 

Wenlock Edge ( F i g . 2 ) ! ; • . • 
A n o d u l a r bedded l i m e s t o n e p a s s i n g l a t e r a l l y i n t o m a s s i v e b i o h e r m a l 

I 
l i m e s t o n e ( S i l u r i a n ) was o b s e r v e d i n a djisused q u a r r y ( L i l i e s Q i i a r r y ) , 2 km 
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- 2 2 " I 
SW o f P r e s t ' h o p e on t h e s c a r p o f Wenlock Edge ( F i g . 7 8 ) . T h e f l a n k i n g 

i I 
n o d u l a r l i n l e s t o n e i s m a r l y a n d v e r y f o s s i l i f e r o u s ( c h i e f l y c o r a l s , 

'I • i 
b r a c h l o p o d s ) w h i l e t h e b i o h e r m a l l i m e s t o n e s f r e q u e n t l y c o n t a i n s t r o m a t o -

• ' • I 
p o r o i d s . A b r i e f s e a r c h was made f o r s t r o m a t o l i t e s b u t was n o t s u c c e s s f u l • i 

': • i • •: ! > \ 1 • 

• t ' 
( p , 

.. 

. I 
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J CONCLUSIONS AND D I S C U S S I O N 
! i 
L a t e P r e c a m b r i a n r o c k s i n Engljand and S c o t l a n d i n c l u d e s e d i m e n t s 

• f • 
• a n d y o l c a n j i c s r e p r e s e n t i n g a v a r i e t y o f ( c o n t i n e n t a l , s h a l l o w m a r i n e and 

deepi sea e h v i r o n m e n t s . T h e c h r o n o l o g i c a l and p a l a e o g e o g r a p h i c r e l a t i o n s 
; i • ' ! • ' • between t h e v a r i o u s t e c t o n o - s e d i m e n t a r y . u n i t s a r e s t i l l open t o 

d i s c u s s i o n ! I n t h e S c o t t i s h H i g h l a n d s , f o r e x a m p l e , t h e Moine T h r u s t 

r e p r e s e n t s a j u n c t i o n o f two q u i t e s e p a r a t e t e c t o n i c r e g i m e s . To t h e 

w e s t , t h e " L e w i s i a n " b a s e m e n t , showing an e a r l y P r e c a m b r i a n h i g h g r a d e 
tfc n X' -

•"WY 

-

v . 

' • - t 

'••it; metamorphlsm ( S c o u r i a n ) and m i d - P r e c a m b r i a n r e m o b i l i s a t i o n ( L a x f o r d i a n ) , 

M s u n c o n f o r m a b l y o v e r l a i n by two l a t e P r e c a m b r i a n sequences o f f l u v i a t l l e 

r e d b e d d a i s t i c s , w h i c h a r e unmetamorphosed and d e f o r m e d o n l y by t i l t i n g ( S t o e r 

and T o r r i d o n G r o u p s ) . Cambrian and O r d o v l c i a n s h e l f s e d i m e n t s o v e r l i e 

t h e s e sequences w i t h a low a n g l e u n c o n f o r m i t y . T o t h e e a s t o f t h e T h r u s t 

l i e s t h e C a l e d o n i a n o r o g e n i c b e l t , i n w h i c h presumed L e w i s i a n basement 

£ 2 • - 'i• 'occurs o n l y i n m i n o r i n l i e r s and t h r u s t s l i c e s , and i n w h i c h two m a j o r 

sequences o f m e t a s e d i m e n t s a r e i n t e n s e l y d e f o r m e d . T h e o l d e r o f t h e s e 

• •V.V, 1 

. r , dXtf.} 

'•vV^-'-'r % 
-V • 

s u c c e s s i o n s , t h e M o i n e , c o n s i s t s o f m e t a s a n d s t o n e s , s c h i s t s and g n e i s s e s , 

5 ' ' whose age and r e l a t i o n s a r e as y e t u n c e r t a i n . The y o u n g e r s e q u e n c e , t h e 

Dal r a d i a n S u p e r g r o u p , commences somewhere i n t h e l a t e P r e c a m b r i a n and 

V. spans t h e P r e c a m b r i a n - C a m b r i a n b o u n d a r y . ' E a r l y P a l a e o z o i c metamorphism 

- • /v / y 

and d e f o r m a t i o n a f f e c t e d b o t h t h e s e s e q u e n c e s , b u t t h e r e i s a s t r o n g 
! j : 1 ' 

p r o b a b i l i t y t h a t a t l e a s t p a r t o f t h e Moine was a l r e a d y metamorphic b e f o r e 
; ' i j i 

D a l r a d l a n d e p o s i t i o n commenced s i n c e some i n t r u s i v e p e g m a t i t e s and g r a n i t i c 

g n e i s s e s i n t h e Moine have y i e l d e d Precaimbrian a g e s . T h e r e i s l i t t l e 
• | . • i 

r e a s o n t o ^ c c e p t t h a t t h e E l i d e F l a g s s l i o u l d be a s s i g n e d t o t h e Moine 

r a t h e r t h a n t o t h e o v e r l y i n g D a l r a d i a n sequence w i t h w h i c h t h e y a r e 

p e r f e c t l y c o n f o r m a b l e . ; I t may be t h a t t h e Moine r e p r e s e n t s a metamorphic 

•wty',-'. I 
' •i'n: 
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basement t o t h e D a l r a d i a n , a l t h o u g h a l l t h e e x p o s e d c o n t a c t s b e t w e e n them 
. i 

a r e t e c t o n i c . ? 

T h e sanely m e t a s e d i m e n t s o f thej M o i n e h a v e f r e q u e n t l y been c o r r e l a t e d 

: w i t h t h e S t o e r a n d / o r T o r r i d o n G r o u p s wliich h a v e now been d a t e d . W i l l i a m s 
! ' i 

, , ( 1 9 6 6 ) showed w h a t m i g h t h a v e been a p a l a e o g e o g r a p h i c r e l a t i o n s h i p b e t w e e n 

t h e m , jusing c u r r e n t d i r e c t i o n d a t a , i f t h e y a r e c o r r e l a t i v e . H o w e v e r , 

.. t h e two sequences may h a v e a c c u m u l a t e d on q u i t e s e p a r a t e c r u s t a l b l o c k s 

( i f t h e M o i n e T h r u s t i s a m a j o r s u t u r e ) a n d t h e r e w o u l d t h e n be no 

• c o m p e l l i n g r e a s o n t o c o r r e l a t e t h e m . T h e r e i s a l s o no o u t c r o p o f D a l r a d i a n 

\ r o c k s w e s t o f t h e M o i n e T h r u s t , w h e r e p a r t i a l age e q u i v a l e n t s ( D u r n e s s « 
1 L i m e s t o n e e t c . ) a r e o f d i f f e r e n t f a d e s and h a v e n o t been a f f e c t e d by t h e 

C a l e d o n i a n f o l d i n g . 

Specimens c o l l e c t e d f r o m s t r o m a t o l i t i c d o l o m i t e ( B o n a h a v e n 

/ D o l o m i t e ) on I s l a y , a n d f r o m l i m e s t o n e i n t h e Gwna M e l a n g e F o r m a t i o n , 

. A n g l e s e y , a r e b e i n g s t u d i e d by t h r e e - d i m e n s i o n a l r e c o n s t r u c t i o n f r o m 

- s e r i a l s e c t i o n s a n d t h i n s e c t i o n s . I t 1 s hoped t h a t t h i s w i l l e n a b l e 

; a t l e a s t a t e n t a t i v e i d e n t i f i c a t i o n , a l t h o u g h t i m e i n t h e f i e l d d i d n o t 

" p e r m i t a d e q u a t e d e t e r m i n a t i o n o f t h e mode o f o c c u r r e n c e and r a n g e o f 

v a r i a b i l i t y o f t h e s t r o m a t o l i t e s a t e i t h e r l o c a l i t y . S t r o m a t o l i t e 

• b l o s t r a t i g r a p h y has n o t y e t been s e r i o u s l y a t t e m p t e d i n B r i t a i n , b u t 

| a c o n p a r l s o n o f t h e s e w i t h f o r m s d e s c r i b e d f r o m t h e USSR a n d A u s t r a l i a 

' may p r o v i d e some a g e c o n s t r a i n t s ' f o r thje B o n a h a v e n D o l o m i t e and f o r . 

t h e s o u r e d o f t h e s t r o m a t o l i t i c b o u l d e r s i n t h e Gwna M e l a n g e . 
r : j 

i T h e m a c e r a t i o n o f f i n e g r a i n e d c l a s t i c s f r o m l a t e P r e c a m b r i a n 

and e a r l y i P a l a e o z o i c sequences i n B r i t a i i n has y i e l d e d s i g n i f i c a n t 
j ! , , ' 

m l c r o f o s s l l s . Some p r e l i m i n a r y r e s u l t s ; h a v e been p u b l i s h e d ( e . g . 
' ' ' 

Downie , e t ; a l . , 1 9 7 1 , C l o u d a n d G e r m s , 1 9 7 1 ) b u t t h e w o r k i s s t i l l i n I t s 



. i n i t i a l s t a g e s , and t h e f u l l p o t e n t i a l o f P r e c a m b r i a n a c r i t a r c h s remains 

- i V • t o be e v a l u a t e d ; c o n s i d e r a b l e success has been c l a i m e d f o r a c r i t a r c h 

o s t r a t i g [ r a p h y i n t h e l a t e s t P r e c a m b r i j m and e a r l y P a l a e o z o i c i n t h e 

USSR ( e . g . ; V o l k e v a , 1 9 7 3 ) . What i s p a r t i c u l a r l y e n c o u r a g i n g 1s t h e 
i 

f a c t t h a t . a c r i t a r c h s can be p r e s e r v e d eyen i n m o d e r a t e l y metamorphosed 

s e d i m e n t s such as s l a t e s a n d p h y l l i t e s , so t h a t good r e s u l t s s h o u l d 

be e x p e c t e d f r o m t h e much l e s s d e f o r m e d and metamorphosed s e d i m e n t s 

v-'. 

o f t h e F l i n d e r s R a n g e s . 
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