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F r o n t i s p i e c e . A s a n d s t o n e - f i l l e d s u b s i d i a r y washout-channel above the 
Great Limestone t r u n c a t i n g the Low and High Coal S i l l sheet 
sandstones, but with the High Coal S i l l c o a l continuous above 
i t ; Rogerley Quarry, Weardale. 



ABSTRACT 

The Great Cyclothem i s comprised o f the Great Limestone and e q u i v ­
a l e n t s a t t h e base, i t s upper p a r t b e i n g formed by t h e Coal S i l l s Group 
and e q u i v a l e n t s which i m m e d i a t e l y o v e r l i e the l i m e s t o n e . The d e t a i l e d 
v a r i a t i o n s i n t h i s t h i n b u t w i d e l y p e r s i s t e n t group o f s t r a t a i n i t s 
6,500 square m i l e s sirea o f development i n Nor t h e r n England are con­
s i d e r e d and e v a l u a t e d p r i m a r i l y i n o r d e r t o assess t h e c o n d i t i o n s o f 
d e p o s i t i o n , sedimentary h i s t o r y and palaeogeography o f the r e g i o n 
d u r i n g f o r m a t i o n o f the cyclothem;. 

C r i t i c a l p a l a e o n t o l o g i c a l evidence i s presented t o show t h a t t h e 
cy c l o t h e m l i e s a t t h e v e r y base o f the Upper Ca r b o n i f e r o u s succession o f 
N o r t h e r n England, the base o f the Great Limestone and e q u i v a l e n t s b e i n g 
t a k e n as t h e Vis^an-Namurian j u n c t i o n , 

A d e t a i l e d s t r a t i g r a p h i c a l and p a l a e o n t o l o g i c a l c o n s i d e r a t i o n o f 
the Great Limestone and e q u i v a l e n t s i s made. Separate d e t a i l e d s t u d i e s 
are a l s o p r e s e n t e d o f t h e s t r a t i g r a p h y , p e t r o l o g y , sedimentary s t r u c t u r e s 
and p a l a e o n t o l o g y o f the o v e r l y i n g Coal S i l l s Group and e q u i v a l e n t s , 
these beds c o n s i s t i n g o f a l t e r n a t i n g s h a l e s , sandstones and c o a l s w i t h 
t h i n l e n t i c u l a r marine bsinds and a r e s t r i c t e d c h e r t development. 

An a n a l y s i s o f the above i n f o r m a t i o n i s made and i t i s p o s t u l a t e d 
t h a t t h e cyclothem's b a s a l l i m e s t o n e was l a i d down i n a widespread s h a l ­
l ow c l e a r sea, the sea b e i n g e v e n t u a l l y encroached upon by d e l t a i c s e d i ­
ments c o n s i s t i n g e s s e n t i a l l y o f m a t e r i a l now r e p r e s e n t e d by the s h a l e s , 
sandstones and c o a l s . The d e l t a i c c o n d i t i o n s b u i l t o ut from l a n d t o the 
n o r t h and n o r t h - w e s t , t h e sediment source c o n s i s t i n g p r e d o m i n a n t l y o f pre­
e x i s t i n g sediments. Evidence e x i s t s t o show t h a t the d e l t a i c c o n d i t i o n s 
were s u b j e c t t o l o c a l and r e g i o n a l r e g r e s s i o n s d u r i n g f o r m a t i o n o f the 
cyc l o t h e m , t h u s g i v i n g r i s e t o the l a t t e r ' s composite n a t u r e , each sheet 
sandstone w i t h i t s o v e r l y i n g c o a l seam r e p r e s e n t i n g t h e f i n a l stage i n 
each phase o f d e l t a b u i l d i n g . The c o n t r o l which the t r o u g h and b l o c k f e a ­
t u r e s o f N o r t h e r n England e x e r c i s e d upon the o v e r a l l t h i c k n e s s o f t e r r i g ­
enous sediments d e p o s i t e d i s c l e a r l y i l l u s t r a t e d and the complete wedging 
o u t o f t e r r i g e n o u s sediments t o the south-east i s demonstrated. I n the 
d e l t a i c sediments the courses o f prominent i n f i l l e d r i v e r cheinnels occu­
p y i n g washouts have been d e l i m i t e d . The r e s t r i c t e d f o r m a t i o n o f c h e r t 



i s r e l a t e d t o the d e p o s i t i o n o f p r i m a r y c o l l o i d a l s i l i c a under marine 
c o n d i t i o n s , t h e r e q u i r e d s i l i c a - r i c h waters h a v i n g been f e d i n t o t h e 
s p e c i f i c area by a contemporaneous r i v e r "channel" whose course i s d e l ­
i m i t e d . 

The mechanism which c o n t r o l l e d the f o r m a t i o n o f t h e r h y t h m i c sequence 
o f t h e cyclothem i s d i s c u s s e d , and i t i s concluded t h a t the major r o l e was 
p l a y e d by t e c t o n i c a c t i v i t y which i n v o l v e d u p l i f t i n t h e source area f o l l ­
owed by e r o s i o n t o base l e v e l , v / i t h complementary d i a s t r o p h i c subsidence 
i n t h e area, o f d e p o s i t i o n ; the r h y t h m i c t e c t o n i c a c t i v i t y i s r e l a t e d t o 
the p u l s a t i n g movements o f the Sudetic p e r i o d which h e r a l d e d the Hercynian 
orogeny. 

I n an appendix the widespread and marked d e v o l a t i l i z a t i o n o f the c o a l 
seams on t h e A l s t o n Block i s discussed and t e n t a t i v e l y r e l a t e d t o g r e a t e r 
t h a n normal h e a t - f l o w from t h e p r e - C a r b o n i f e r o u s "Weardale g r a n i t e " . The 
f i r s t r e c o r d e d occurrence i n Great B r i t a i n o f o v o i d a l bodies c a l l e d n i g g e r -
heads i s r e p o r t e d from these heat a f f e c t e d cosils. 
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CHAPTER I 

INTRODUCTION 

GENERAL 

The purpose o f the i n v e s t i g a t i o n t o be recorded here was t o t r a c e 
and e v a l u a t e the d e t a i l e d v a r i a t i o n s i n a t h i n b u t w i d e l y p e r s i s t e n t 
group o f s t r a t a known as the Great Cyclothem. Evidence w i l l be presented 
t o show t h a t t h i s group l i e s a t the v e r y base o f the Upper C a r b o n i f e r o u s 
s u c c e s s i o n o f N o r t h e r n England. A l t h o u g h t h e whole group never exceeds 
286 f e e t i n t h i c k n e s s , i t embraces c a l c a r e o u s , a r g i l l a c e o u s , arenaceous, 
s i l i c e o u s and carbonaceous s t r a t a , t h u s r e c o r d i n g a marked v a r i e t y o f 
environments o f s e d i m e n t a t i o n . I t forms one r e c o g n i z a b l e u n i t i n t h e 
g r e a t r h y t h m i c sequence o f the Yoredale S e r i e s , and as a complete u n i t , 
t h e group may a p t l y be d e s c r i b e d as a composite cyclothem, w i t h i n the 
terms o f t h e o r i g i n a l d e f i n i t i o n by Wanless and W e l l e r (1932) . 

The cyclothem as a whole i s b e s t developed w i t h i n trie s t r u c t u r a l u n i t 
o r i g i n a l l y d e f i n e d by Marr (1921) as t h e Northumbrian F a u l t - B l o c k ( F i g . 2 ) ; 

t h a t i s , w i t h i n the area now r e c o g n i z e d as the n o r t h e r n d i v i s i o n o f t h e 
Pennine r i d g e . Two s u b - u n i t s have been d e f i n e d w i t h i n t h e Northumbrian 
F a u l t - B l o c k , namely, the A l s t o n B l o c k ( T r o t t e r and H o l l i n g w o r t h , 1928) , 

e x t e n d i n g from t h e Roman W a l l c o u n t r y southwards- t o t h e Cotherstone 
( s t a i n m o r e ) S y n c l i n e , and the A s k r i g g B l o c k (Hudson, 1938) , c o v e r i n g the 
ar e a from Cotherstone southward t o the Craven D i s t r i c t . I n a d d i t i o n t o 
th e development on t h e Northumbriein F a u l t - B l o c k , t h e cyclothem i s r e p r e s ­
ented i n o t h e r p a r t s o f N o r t h e r n England as s p e c i f i e d i n the s e c t i o n 
below p e r t a i n i n g t o the r e g i o n a l d i s t r i b u t i o n . 

I n naming the cyclothem a f t e r t h e l i m e s t o n e which forms i t s b a s a l 
member, t h e p r a c t i c e e s t a b l i s h e d by Dunham (1950) and l a t e r used by o t h e r 
w o r k e r s i s f o l l o w e d . Some d i f f i c u l t y a r i s e s here, however, s i n c e t h e 
b a s a l l i m e s t o n e i s known by d i f f e r e n t names i n th e v a r i o u s r e g i o n s o f 
N o r t h e r n England where t h e cyclothem o r i t s e q u i v a l e n t i s developed. Never­
t h e l e s s , i t may reaso n a b l y be co n s i d e r e d t h a t the type l o c a l i t y o f the 
l i m e s t o n e i s on the A l s t o n B l o c k and more s p e c i f i c a l l y on A l s t o n Moor, near 
t h e mountain o f Cross F e l l i n Cumberland, Throughout the A l s t o n B l o c k the 



name Great Limestone i s used, t h i s name prob a b l y h a v i n g been e r e c t e d by 
th e l e a d m i n e r s o f t h e N o r t h e r n Pennines many c e n t u r i e s ago, a l t h o u g h i t s 
e a r l i e s t p u b l i c a t i o n as p a r t o f a complete sequence f o r t h e C a r b o n i f e r o u s 
"Lead Measures" was by We s t g a r t h F o r s t e r (1809) , However, as i n d i c a t e d 
above, under d i f f e r e n t names t h e l i m e s t o n e runs w i t h a f a i r amount o f 
t h i c k n e s s v a r i a t i o n b u t a re a s o n a b l y u n i f o r m l i t h o l o g y t h r oughout many 
p a r t s o f N o r t h e r n England, and e s p e c i a l l y t h r o u g h t h e d a l e s o f the N o r t h ­
e r n Pennines. For i n s t a n c e , on the As l c r i g g Block i n North-west Y o r k s h i r e 
i t i s known as t h e Main Limestone, t h i s neune h a v i n g been f i r s t p u b l i s h e d 
by John P h i l l i p s (1836) , and p r o b a b l y i t t o o was d e r i v e d from t h e l o c a l 
l e a d m i n i n g i n d u s t r y . I n a d d i t i o n , i n the o t h e r r e g i o n s where i t i s d e v e l ­
oped the l i m e s t o n e has d i f f e r e n t names which x d . l l be mentioned l a t e r i n the 
p e r t i n e n t c h a p t e r . N e v e r t h e l e s s , f o r t h e p r e s e n t purpose, and p a r t i c u l a r l y 
because the b a s a l l i m e s t o n e i s known as the Great a t what may be regarded 
as i t s t y p e l o c a l i t y , t h e cyclothem w i l l be d e s c r i b e d as the Great Cyclothem 
t h r o u g h o u t N o r t h e r n England. 

Above t h e b a s a l l i m e s t o n e are t h e e a s e n t i s i l l y non-ceO-careous measures 
o f t h e cycl o t h e m . Over much o f the area t o be co n s i d e r e d i n d e t a i l , these 
c o n s i s t o f s h a l e s , sandstones and c o a l s , the t h i n marine beinds which are 
l o c a l l y p r e s e n t sometimes d e v e l o p i n g t o arenaceous o r a r g i l l a c e o u s l i m e ­
s t o n e s . On t h e A l s t o n B l o c k , p a r t i c u l a r l y on A l s t o n Moor, a c h a r a c t e r i s t i c 
sequence o f these beds was r e c o g n i z e d by the o l d l e a d m i n e r s , w i t h i n which 
the sandstones were found t o be o v e r l a i n by t h i n c o a l seams. Hence the 
sandstones becsune known as Coal S i l l s , a term s e t i n p e r p e t u i t y by West-
g a r t h F o r s t e r ( l 8 0 9 ) « F o r s t e r named the sandstones o f the cyclothem, i n 
asce n d i n g o r d e r , the Low Coal S i l l and Hiigh Coal S i l l . Much h i g h e r up 
the "Lead Measures" sequence, he named the sandstone beneath h i s F e l l Top 
Limestone, t h e Upper Coeil S i l l . However, t h i s sandstone occurs w e l l above 
the t o p o f the Great Cyclothem, t h e l a t t e r b e i n g l i m i t e d a t the t o p by the 
base o f t h e Upper L i t t l e Limestone. Thus, on the A l s t o n Block t h e r e i s a 
c h a r a c t e r i s t i c development o f the non-calcareous measures o f the cyclothem, 
c o n s i s t i n g o f a l t e r n a t i n g s h a l e s and sandstones, t h e l a t t e r g e n e r a l l y b e i n g 
o v e r l a i n by t h i n coail sesims. Up t o t h r e e such sandstone-coal h o r i z o n s have 
been r e c o g n i z e d and as a r e s u l t , these measures have become known c o l l e c ­
t i v e l y as t h e Coal S i l l s Group, S i n c e t h e Group has been found t o c o n t a i n 
more t h a n one sedimentary c y c l e w i t h t h i n i m p e r s i s t e n t marine h o r i z o n s 
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a s s o c i a t e d i n p l a c e s , i t must comprise p a r t o f a composite cyclothem. 
To t h e s o u t h o f th e A l s t o n B l o c k i n the n o r t h e r n and western -parte o f t h e 
A s k r i g g B l o c k and i n the Cotherstone S y n c l i n e , a sequence o f comparable 
l i t h o l o g y t o t h e Coal S i l l s Group o f th e type area has been r e c o g n i z e d by 
th e a u t h o r s o f t h e M a l l e r s t a n g Memoir (Dakyns e t a l . , 1891) , W e l l s (1955a, 

19551)and 1957) , Rowell and Scanlon (1957«) and Hicks ( 1958) . However, W e l l s 
( o p , c i t . ) has a l s o shown t h a t t h e r e i s a l a r g e area o f c h e r t development 
i n t h e n o r t h - e a s t q u a r t e r o f th e A s k r i g g Block; t h i s c h e r t i s i n p a r t the 
l a t e r a l r e p r e s e n t a t i v e o f the Coal S i l l s Group o f the n o r t h and west. An 
area n o t w i t h i n the Northiunbrian F a u l t - B l o c k where t h e non-calceireous 
measures o f t h e Great Cyclothem have been r e f e r r e d t o as the Coal S i l l s 
Group i s t h e Stainmore area o f Turner (1935); t h i s area i s c l o s e l y r e l a t e d 
t o t h e B l o c k , however. Beyond t h e margins o f the Blo c k i n the Northumbriein 
Trough, c o a l s occur i n t h e cyclothem and are e s p e c i a l l y prominent i n the 
Tyne V a l l e y . However, t h e r e p e a t e d sandstone-coal r e l a t i o n s h i p which g i v e s 
r i s e t o t h e name Coal S i l l s Group i s n o t g e n e r a l l y seen, a l t h o u g h T r o t t e r 
and H o l l i n g w o r t h (1927) r e f e r t o the beds above t h e Snope Burn Band i n the 
Brampton sirea as 'Coal S i l l s ' , I n p a s s i n g i t might be mentioned t h a t the 
Snope Burn Band i s a prominent and r e l a t i v e l y p e r s i s t e n t marine h o r i z o n 
o c c u r r i n g i n t h e middle o f th e cyclothem; t h e r e f o r e , i n t h i s area t h e c y c l o ­
them i s a g a i n composite. Thus, t h e Coal S i l l s Group type o f l i t h o l o g y i s 
r e s t r i c t e d t o t h e development on t h e Northumbrian F a u l t - B l o c k , and more 
p a r t i c u l a r l y t o t h a t on t h e A l s t o n B l o c k . Elsewhere, t h e beds g e n e r a l l y 
f o r m p a r t o f t h e Great Cyclothem w i t h no s p e c i f i c c o l l e c t i v e name. I n V/est 
Cumberland, however, t h e l o w e r p a r t o f t h e Hensingham Group i s p r o b a b l y the 
l a t e r a l r e p r e s e n t a t i v e . 

As a l r e a d y mentioned, the t o p o f the cyclothem i s ' d e f i n e d by the base 
o f t h e Upper L i t t l e Limestone o r i t s l a t e r a l r e p r e s e n t a t i v e . 

SCOPE OF THE WORK 

Pr e v i o u s t o t h i s work no at t e m p t had been made t o study a s i n g l e 
c y c l o t h e m over a v e r y l a r g e area o f i t s development. The more r e c e n t works 
w h i c h a r e d e a l t w i t h i n t h e " h i s t o r y o f r e s e a r c h " have each considered all 
t h e cyclothems developed i n s p e c i f i c and r e s t r i c t e d a r e a s . However, W e l l s 
(1955a and 1955b) d i d extend h i s o r i g i n a l area and covered some 450 square 
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m i l e s of the Askrigg Block during h i s study of a s e r i e s of cherty beds 
which i n c l u d e the r e p r e s e n t a t i v e s of t h i s cyclothem. The present work i s 
r e a l l y a continuation of that of Wells, the main purpose being to a s s e s s 
the conditions of deposition and re c o n s t r u c t the palaeogeography of the 
Yoredale d e l t a and adjacent areas p r i o r to and during one of the d e l t a ' s 
major advances. Subsequently i t has proved d e s i r a b l e to investigate the 
extent of the d e v o l a t i l i z a t i o n of the co a l s developed w i t h i n the cyclothem 
on the A l s t o n Block and i n adjacent a r e a s . 

O r i g i n a l work by the author has been mainly confined to the type area 
of the cyclothem; that i s to say, the Alston Block, an area of 650 square 
m i l e s v;hich embraces Weardeile, Teesdale, Alston Moor, the Pennine Escarpment 
and the A l l e n d a l e s . D e t a i l e d f i e l d mapping on Ordnance Survey 1:10,560 and 
o c c a s i o n a l l y 1:2,500 scsile maps has been c a r r i e d out and s i l l a v a i l a b l e sub­
s u r f a c e data has been c o l l e c t e d together i n as comprehensive a manner as 
p o s s i b l e . I n p a r t i c u l a r , the whole outcrop of the cyclothem i n County 
Durham has been resurveyed apart from a sma l l area covered by Jones (1956) 

r e c e n t l y . Thus, some 100 m i l e s of outcrop has been i n v e s t i g a t e d i n d e t a i l 
and every a v a i l a b l e s e c t i o n has been measured. I n the Frosterly-Stanhope 
a r e a 12 m i l e s of continuous exposure of much of the cyclothem i s to be 
found i n the q u a r r i e s from which the Great Limestone has been e x t e n s i v e l y 
wrought. A l l the important quarry f a c e s have been photographed to f a c i l i ­
t a t e measurement and a l s o to form a permanent record of those which are 
becoming covered with vegetation. Apart from the q u a r r i e s , over l40 det-
edled s e c t i o n s have been measured as w e l l as numerous p a r t i a l s e c t i o n s . As 
alre a d y mentioned, a l l a v a i l a b l e sub-surface information for the whole of 
the Block has been gathered together. T h i s has been forthcoming.from under­
ground workings of l e a d , f l u o r s p a r and barytes mines, and from the numerous 
records of s h a f t s sunk i n connection with these. A number of boreholes 
have a l s o been d r i l l e d i n the area r e c e n t l y , and i n some cases i t has been 
p o s s i b l e to have access to the core. Important borehole records f o r the 
concealed part of the Block have a l s o been obtained; those for Roddymoor, 
E l s t o b and Chopwell Woods are from published information, w h i l s t the Harton 
record has been k i n d l y made a v a i l a b l e by the B. P. Exploration Company 
Li m i t e d and the Gas Co u n c i l . A t o t a l of 120 s e c t i o n s are at hand from the 
above so u r c e s . Large gaps i n the d i s t r i b u t i o n of sub-surface information 
have been f i l l e d by mapping and measuring s e c t i o n s a t the necessary l o c a l -
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i t i e s where p o s s i b l e . Thus, over 300 s e c t i o n s have been obtained f o r the 
Alst o n Block alone. Some ten months were spent on field-work c o l l e c t i n g 
t h i s information and during t h i s period over 15,000 m i l e s v/ere t r a v e l l e d 
by motor-cycle and van. 

To extend the i n v e s t i g a t i o n over a wider area, information bearing 
on the occurrence of the cyclothem, or the beds eqxiivalent to i t , has been 
c o l l e c t e d from published sources which are summarized on F i g . 2 . By syn­
t h e s i z i n g a l l the information i t has proved possible to consider the f u l l 
6,500 square m i l e s a r e a of development of the cyclothem and i t s equivalents 
i n Northern England. I n order to s a t i s f a c t o r i l y l i n k the Alston Block with 
adjacent a r e a s , excursions have been made i n t o the Northumbrian Trough and 
the Cotherstbne S y n c l i n e . I n p a r t i c u l a r , boreholes from F a l l o w f i e l d Mine, 
Northumberland, and the Lunehead Mine area i n the Cotherstone S y n c l i n e 
have been logged. 

Laboratory work has co n s i s t e d of the following:-

( i ) The examination of over 200 t h i n s e c t i o n s ; these 
were mainly of sandstones but other l i t h o l o g i e s have a l s o 
been considered. 
( i i ) Heavy mineral separations have been made from 
sandstones of a known constant horizon and also from 
random horizons. 
( i i i ) Where necessary, X-ray photography or d i f f e r e n t i a l 
thermal a n a l y s i s has been used to determine the composition 
of c e r t a i n sandstone cements. 
( i v ) Specimens of " p y r i t e " from various environments 
have been polished and examined i n r e f l e c t e d l i g h t to 
a s c e r t a i n t h e i r d e f i n i t e composition. 
(v) Analyses have been obtained for s e v e r a l coal 
samples c o l l e c t e d from widespread l o c a l i t i e s on the 
Al s t o n Block and i n adjacent a r e a s . S e v e r a l more 
ansilyses f o r c o a l s of a s i m i l a r horizon have been 
c o l l e c t e d from the records of the National Coal Boso-d 
by kind permission of that body. 
( v i ) The fauna c o l l e c t e d from various horizons 
w i t h i n the cyclothem has been i d e n t i f i e d . 
( v i i ) Every a v a i l a b l e source of information of sub-
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s u r f a c e and sur f a c e data has been perused i n order to 
obtain as f u l l a coverage of the area as p o s s i b l e . 

REGIONAL DISTRIBUTION 

On the Northumbrian F a u l t - B l o c k ( F i g s . 1 and 2) the cyclothem has a 
widespread d i s t r i b u t i o n and forms a r e l a t i v e l y continuous band around the 
v a l l e y s i d e s of most of the r i v e r s . The d e t a i l e d d i s t r i b u t i o n on the 
Alst o n Block and i n the Cotherstone S y n c l i n e i s shown on P l a t e IH, v;hilst 
t h a t on the Askrigg Block i s shown on P l a t e I B . I n addition, veiluable 
information i s a v a i l a b l e from f i v e deep boreholes d r i l l e d i n t o the conceal­
ed a r e a up to 25 miles east of the nearest exposures on the Block. These 
boreholes were d r i l l e d a t Roddymoor, Chopwell Woods, E l s t o b , Harton and 
Chopgate i n the Cleveland H i l l s , t h e i r p o s i t i o n s being shown on F i g . 1. 

South of the Block, i n the Bowland Trough, the marked f a c i e s change 
which takes place does not allow f o r an accurate d e l i m i t a t i o n of the exact 
equivalent of the cyclothem. However, Black (1950) has shown the S c a l e Haw 
Limestone of the Bowland Shale sequence to be the equivalent of the Main 
Limestone. A s i m i l a r f a c i e s to the Bowland Shales completely obscures the 
cyclothem i n the Furness D i s t r i c t . I n t h i s l a t t e r area i t seems c e r t a i n 
that beds of s i m i l a r age to the cyclothem form part of the s h a l y Gleaston 
Group, howe'ver. 

To the west of the Block, the cyclothem can be recognized i n the Kirkby 
Lonsdale a r e a but i t occurs i n poorly exposed ground. The l a r g e s t area of 
development to the west of the Block i s that surrounding the northern h a l f 
of the Lake D i s t r i c t where Carboniferous rocks form a rim around a core of 
Lov/er PsilaeozoicB. Here, the beds representing the cyclothem can be traced 
from west of Appleby around the northern end of the massif, by way of Cald-
beck and G i l c r u x , to Egremont where they disappear beneath younger deposits. 
S t r a t a r e p r e s e n t i n g the cyclothem have a l s o been penetrated by a borehole 
d r i l l e d i n the northern part of the I s l e of Man. 

I n the Northumbrian Trough the cyclothem has a more r e s t r i c t e d out­
crop than on the Block to the south. I t can be traced from the northern 
end of the Pennine Escarpment, south-east of Brampton, i n an east-north­
e a s t d i r e c t i o n to Matfen, from whence i t trends north to Greenleighton, 
and then north-east to the v i c i n i t y of Howick where i t runs out to sea. 
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F i g . 1 

The Geology of Northern England 

Reference map showing the general r e g i o n a l r e l a t i o n s h i p 
of the areas i n which the Great Cyclothem i s developed. 
To be used i n conjunction with F i g . 2 to comprehend the 
r e g i o n a l d i s t r i b u t i o n of the Great Cyclothem, 
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F i g . 2 

Summary of the areas covered by var i o u s authors. 

The s t r u c t u r a l u n i t s of Northern England are a l s o 
i n d i c a t e d upon t h i s map. The Northumbrian F a u l t - B l o c k 
i s d i v i s i b l e i n t o the Al s t o n and Askrigg Blocks which 
are separated by the Cotherstone S y n c l i n e , (Reading, 2 1 ) . 

1. Fowler, 1926 18. Simpson, 1902 

2 . C a r r u t h e r s e t al., 1927 19. Woolacott, 1923 

5 . C a r r u t h e r s e t al., 1930 20. Smith, 1912 

Fowler, 1936 21 . Reading, 195^ and 1957 

5 . Hedley and Waite, 1928 22 . Turner, 1927 and 1935 

6. Johnson, 1959 23 . W e l l s , 1955a, 1955b and 1957 

7 . T r o t t e r and Hollingworth, 1932 2k. Rowell, 1953 
.1957a and 1957b 

8 . Peach and Home, 1903 25 . Scanlon, 1955 

B a r r e t t and Richey, 19^5 26. Dakyns et al., 1891 

Lumsden and Wilson, 196I 27 . M i l l e r and Turner, 1931 

9 . Eastwood et al., 1931 28 . Moore, 1955 and 1958 

10. Eastwood, 1930 2 9 . Wilson, 1957 and 196O 

11. Eastwood, 1931 30 . Fowler, ^^kk 
12. Dakyns et aL, 1897 31. Hicks, 1958 and 1959 

13. Dunham and Rose, 19^1 32 . Deikyns e t al.. 1890 

14. Short, ^^3^ 33 . A v e l i n e et al., I872 

15. Dunham, 19^8 and 1950 Hicks, 1958 

16. Johnson and Dunham,1962 34. Black, 1950 

17. Jones, 1956 
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I t a l s o occurs i n three small s y n c l i n e s north of Lowick. The d i s t r i b u t i o n 
i n t h i s region i s shown on P l a t e s I and I C , Also w i t h i n the confines of 
the Trough, s t r a d d l i n g the Anglo-Scottish border, there i s a smeill occurr­
ence of the cyclothem i n the v i c i n i t y of Canonbie. 

I n the Midland V a l l e y of Scotland the beds representing the cyclothem 
have a widespread d i s t r i b u t i o n i n a s e r i e s of dis-connected b a s i n s , but i t 
i s beyond the scope of t h i s work to consider these. 

HISTORY OF RESEARCH 

The name Great Cyclothem dates only from Dunham (1950) , but the lime­
stone member was probably named many c e n t u r i e s before by the lea d miners of 
the Northern Pennines. Subsequent to i t s i n t r o d u c t i o n by Dunham, the 
method of p a r t i c u l a r i z i n g the cyclothem, by p r e - f i x i n g the name of the 
limestone forming i t s b a s a l member, has been adopted by various workers. 

E a r l y records of the s t r a t a encountered during l e a d mining operations 
on the Als t o n Block are to be found on various old mine plans. For example, 
a plan, dated 1775i of the Nentforce Drainage L e v e l , which was driven from 
Alston to Nenthead, has a s e c t i o n on i t which i n c l u d e s the beds of the 
Great' Cyclothem. The r e l e v a n t part i s given below:-

10 

6 

10 

10 

5 
8 

25 

65 

L i t t l e Limestone 
L i t t l e Hazel (Sandstone) 
P l a t e Bed (Shale) 
Hazel c a l l e d the High Coal S i l l 
P l a t e Bed 
Hazel c a l l e d the Low Coal S i l l 
P l a t e Bed 
Great Limestone i n c l u d i n g Tumblers 

W i l l i a m Hutchinson's H i s t o r y of Durham (179^) contains what must 
be one of the f i r s t published r e f e r e n c e s to the Great Limestone. Giving 
an account of the l e a d trade i n Teesdale, he says, "The s t r a t a or bearing 
s i l l s are v a r i o u s , which c a r r y ore, the greypost bears w e l l , but the 
best i s the great limestone, both f o r quantity and q u a l i t y ; which i s 
about 70 fathoms i n t h i c k n e s s " . An accompanying s e c t i o n shows:-
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Grey Rubble 
Blue Sandy S l a t e , l 8 

Freestone, 22 

Bastard Whin, l 6 
Great Limestone, 70f 

I t i s a p i t y that t h i s e a r l y record of the Great Limestone and assoc­
i a t e d beds should apparently be s p o i l t owing to the author's confusion 
of f e e t with fathoms. 

Sopwith, w r i t i n g i n 1833, records "An engraved s e c t i o n e x h i b i t i n g 
the v a r i o u s s u c c e s s i o n of the s t r a t a , from the highest i n Alston Moor 
to the lowest on the north-east s i d e of the Keswick H i l l s " , published 
by W. M i l l a r of C a r l i s l e i n 18OO. I t has vmfortunately not proved 
p o s s i b l e to t r a c e t h i s s e c t i o n despite a thorough s e a r c h . 

Calcareous 

Argillaceous 
Sulphureous 
Siliceous -
Argillaceous; 
Sulphureous! 

Siliceous -

Argillaceous 

Calcareous • 
r 

Siliceous 

Little Limestone 

I Plate 
bS Coal 
0 High Coal SiU 

— Plate 
Coal 
Low Coal SiU 

Elate 

-— 
0 TTumbl^r Beds 

(.and Great Limestone 

1^ Tuft or Water Sill 
-0 

F i g . 3 . Westgarth F o r s t e r ' s s e c t i o n of the Great Cyclothem, 
(each small d i v i s i o n of the s c a l e = 1 fathom). 

A household word to students of geology i n the Northern Pennines 
i s the name of Westgarth F o r s t e r whose c l a s s i c " T r e a t i s e on a S e c t i o n 
of the S t r a t a " ( f i r s t e d i t i o n , 1809) contains an organised s t r a t i g r a p h i c a l 
sequence f o r the Alston Block. The names used for i n d i v i d u a l beds are 
those which were derived during c e n t u r i e s of lead mining i n the area. 
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The f i r s t e d i t i o n of the " S t r a t a " was published i n the same year as 
W i l l i a m Smith's f i r s t g e o l o g i c a l map of England and i t may be claimed 
as the e a r l i e s t comprehensive s e c t i o n of s t r a t a extant i n t h i s country. 
Many of the names of i n d i v i d u a l beds that are s t i l l i n current use over 
much of Northern England were derived from i t . A copy of F o r s t e r ' s 
s e c t i o n of the Great Cyclothem i s shown i n F i g . 3 . Tumbler Beds i s the 
term used to describe the a l t e r n a t i n g limestones smd calcareous s h a l e s 
which form the upper part of the Great Limestone; F o r s t e r s t a t e s i n the 
t e x t that they are separated from the massive limestone by about 1 foot 
of s o f t s h a l y m a t e r i a l , known as the Black Bed. The massive limestone 
i t s e l f i s divided i n t o high, middle and low f l a t s by t h i n shaly p a r t i n g s , 
these f l a t s having shown f a v o u r a b i l i t y to replacement during mineral­
i z a t i o n . Only two sandstones are shown between the top of the Great and 
the base of the L i t t l e Limestone but a s e c t i o n from Cross F e l l l e a d mine 
with three sandstones developed i s mentioned i n the t e x t ; i n t h i s s e c t i o n 
the upper-most sandstone i s c a l l e d the White Hazle, The ssmdstones 
presumably became known as Coal S i l l s because of t h e i r close overlay by 
c o a l seams, the term s i l l being l o c a l l y employed to denote a bed or 
stratum, u s u a l l y of sandstone. A s e c t i o n compiled from mines i n Arken-
dale and Swaledale on the Askrigg Block i s a l s o contained i n the " S t r a t a " . 
Two f u r t h e r e d i t i o n s of the " S t r a t a " appeared i n I 8 2 I and 1883 respec­
t i v e l y , the l a t t e r posthumously r e v i s e d and corrected by the Rev. W. 
N a i l . There i s no d i f f e r e n c e i n the b a s i c information contained, but 
a number of new s e c t i o n s are presented which show v a r i a t i o n s from the 
standard A l s t o n Moor sequence. 

Winch (1817) published s i m i l a r information to F o r s t e r except that 
on h i s s e c t i o n f o r Alston Moor he shows a t h i n sandstone occurring 
immediately below the L i t t l e Limestone named the L i t t l e Hazle. He a l s o 
s t a t e d t h a t , "the c o a l s being very uncertain i n t h e i r extent are seldom 
no t i c e d i n the l e a d mine s e c t i o n s " . 

Sedgwick ( l 827 ) records a s e c t i o n from Old Langdon Mine, Teesdale 
w h i l s t Sopwith (1829) published s e c t i o n s of H o l y f i e l d and Hudgill l e a d 
mines and i n 1833 gave an account of the s t r a t i g r a p h y of Alston Moor 
which confirmed F o r s t e r ' s f i n d i n g s . Only Sedgwick's s e c t i o n shows any 
marked v a r i a t i o n from the e s t a b l i s h e d one for Alston Moor; i n t h i s 
s e c t i o n an 82 f e e t t h i c k combined High and Low Coal S i l l i s recorded as 
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immediately o v e r l y i n g the Great Limestone. I n I835 Sedgwick c o n t r i ­
buted to the geology of the Askrigg Block by d e s c r i b i n g a s e r i e s of 
l o n g i t u d i n a l and tr a n s v e r s e s e c t i o n s . On these he named the bed equiv­
a l e n t to the Great Limestone, the Twelve Fathom Limestone. 

John P h i l l i p s ' (1836) work on the Askrigg Block i s as w e l l known as 
that of F o r s t e r on the A l s t o n Block. He named the rhythmic sequence the 
Yoredale S e r i e s and demonstrated i t s continuation northward from Swsde-
dale, c o r r e l a t i n g h i s Main Limestone with the Great Limestone. The Red 
Beds were a l s o equated with the L i t t l e Limestone, a c o r r e l a t i o n which 
W e l l s (1957) considers to d i f f e r from h i s own mainly by a d e t a i l of 
nomenclature. 

Some v a r i a t i o n from the standard Alston Moor sequence i s i n d i c a t e d 
by Wallace (186I) who presents a s e c t i o n of the much t h i c k e r sequence 
of the Great Cyclothem a t F a l l o w f i e l d Mine, Northumberland. On t h i s 
s e c t i o n a prominent c o a l seam, shown as the F a l l o w f i e l d Coal but a l s o 
known as the L i t t l e Limestone Coal, i s w e l l exhibited i n the upper part 
of the cyclothem. The presence of a sandstone, the White Hazle, immed­
i a t e l y below the L i t t l e Limestone i n the Alston Moor sequence i s a l s o 
eraphasiaed. I t i s i n t e r e s t i n g to note that Wallace attempts to recon­
s t r u c t the conditions of deposition during the formation of the Yoredales 
and succeeds i n e r e c t i n g a f a i r l y accurate rudimentary pattern. 

Armstrong et a l . ( l 8 6 ^ ) present a s e c t i o n by Sopwith, compiled from 
the Allenheads l e a d mines, on which e x c e s s i v e l y t h i c k c o a l seams are 
i n d i c a t e d i n the Coal S i l l s Group. 

Lebour did much to e l u c i d a t e the s t r a t i g r a p h y of Northumberland. 
I n p a r t i c u l a r , h i s works on the L i t t l e Limestone and i t s accompanying 
c o a l (187^) , and the Great Limestone and i t s a s s o c i a t e d beds (1875) i n 
south Northumberland may be noted. These works have been incorporated 
i n t o Smith (1912) but i t i s important to record that i n the former work 
Lebour gave the f i r s t comprehensive account of the L i t t l e Limestone Coals. 
These c o a l s have been e x t e n s i v e l y worked along the Tyne V a l l e y , the h i s t o r y 
of working, which dates back to 1522, being stimmariaed by T r o t t e r and 
Hollingworth ( 1 9 3 2 ) . I n the other paper mentioned, the Ebbs Snook Lime­
stone of the Alnwick D i s t r i c t was c o r r e l a t e d with the Great Limestone. 
V a r i a t i o n s w i t h i n the south Northtunberland sequence were considered, the 
t h i c k sandstone developed i n the cyclothem around Brunton being named 
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the Black Pasture Stone. A faunal l i s t f o r the Great Limestone was 
a l s o given. 

The stratigraphiceuL sequence f o r West Cumberland was worked out 
by Kendsill (1885) but h i s c o r r e l a t i o n of the limestones with those of 
other d i s t r i c t s has subsequently been shown to be i n c o r r e c t . 

Between the years 1878 and 191O the borings and sinkings of North­
umberland and Durham were compiled and published i n s i x volumes by the 
North of England I n s t i t u t e of Mining Engineers. A c a r e f u l search of 
these r e c o r d s r e v e a l s many s e c t i o n s through the Great Cyclothem. 

Subsequent to the primary g e o l o g i c a l survey of Northern England, 
only two sheet memoirs were published for the Askrigg Block, these 
being f o r the Ingleborough <97 S.W.;Dakyn6 et al., 1890) and Mallerstang 
(97 N.W.:Dakyns et al., 1891) s h e e t s . Both of these contain u s e f u l 
information as regards the Great Cyclothem, but,- as throughout the 
sequence, most emphasis i s placed on the limestone. The cherts over­
l y i n g the Main (= Great) Limestone i n Swaledeile were recognised and i t 
was considered that the Main Chert and the cherty Black and Red Beds 
"passed westward and northward i n t o a s e r i e s of g r i t s , sandstones and 
s h a l e s , known i n the north as the ' c o a l - s i l l s ' , capped by a bed of chert 
or limestone c a l l e d the L i t t l e Limestone." I t i s i n t e r e s t i n g to note 
that the term c o a l - s i l l s was adopted despite the r e l a t i v e paucity of 
COSLL seams a s s o c i a t e d with the sandstones. Fauneil l i s t s for the Maiin 
Limestone and the beds above i t are presented i n the Mallerstang Memoir. 
Previous to these memoirs, one was produced for the Kirkby Lonsdale area 
(98 S .'E.:Aveline et al., 1872) , west of the Askrigg Block, where a small 
i l l - e x p o s e d a r e a of outcrop of the Great Cyclothem occurs. No memoirs 
a t a l l appeared for the A l s t o n Block but i t i s obvious from the s i x i n c h 
maps tha t the surveyors noted some v a r i a t i o n s from the standard sequence 
e s t a b l i s h e d f o r Alston Moor. Despite t h i s l a c k of memoirs, much valuable 
information, mainly derived from the l e a d mines, was published on the 
three G e o l o g i c a l Survey V e r t i c a l S e c t i o n Sheets for the area (62 , 1877; 

63 , 1878; 66, 1878) , a l l of which were prepared by David Burns. A sheet 
f o r the L i t t l e Limestone Coal i n Northumberlsuid and Cumberland (South 
Tyne D i s t r i c t ) was a l s o compiled by Burns (56 , 1878) . Gunn (1897) 

produced two memoirs f o r p a r t s of north Northumberleind, but these contain 
d e t a i l s which have been cor r e c t e d and incorporated i n more recent Survey 
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p u b l i c a t i o n s . Some information regarding the Great Limestone, but l i t t l e 
e l s e f o r the cyclothem, i s to be found i n the Appleby Memoir (102 S.W.: 
Dakyns et al., l 8 9 7 ) . The whole of the area under consideration i s covered 
by Old S e r i e s one i n c h to the mile Geological Survey maps which were 
published between the years 1869 and 1895. The sheet numbers are as 
foll o w s (New S e r i e s numbers i n b r a c k e t s ) : -

110 N.E. ( 2 ) , 110 S.E. ( 4 ) , 109 N.W. ( 6 ) , 109 S.W. ( 9 ) , 

105 N.W. ( I ^ f ) , 106 N.E. ( 1 3 ) , 106 S.E. ( 1 9 ) , 106 S.W. ( 1 8 ) , 

101 N.W. ( 2 2 ) , 101 S.W. ( 2 8 ) , 101 N.E. ( 2 3 ) , 102 S.W. ( 3 0 ) , 

102 N.E. ( 2 5 ) , 102 S.E. ( 3 1 ) , 103 N.W. ( 2 6 ) , 103 S.W. ( 3 2 ) , 

97 S.W. ( 5 0 ) , 97 N.E. ( i f l ) , 97 S.E. ( 5 1 ) , 98 S.E. ( 4 9 ) , 

92 N.W. ( 6 0 ) , 92 N.E. ( 6 1 ) . 

The Dryburn Limestone of Northumberland was c o r r e l a t e d with the Main 
of Yorkshire and the Top Hosie ("the limestone which l i e s below the Edge 
Coals" ) of Scotland, as w e l l as with the Great Limestone of Durham, by 
Gunn ( 1 8 9 8 ) . I n h i s c o r r e l a t i o n of the Great and Dryburn Limestones he 
concurred with Lebour ( 1 8 8 9 ) . 

The Chopwell Woods deep borehole i s recorded by Simpson (1902); 

t h i s borehole penetrated the cyclothem i n the concealed area s e v e r a l miles 
south-east and east of the outcrops i n the Tyne V a l l e y £ind on the Alston 
Block r e s p e c t i v e l y . 

Also i n 1902, Hind presented l i s t s of f o s s i l s from Weardale f o r the 
var i o u s members of the cyclothem; i t would appear that the f o s s i l s l i s t e d 
f o r the L i t t l e Limestone are a c t u a l l y from the Crag Limestone, however. 
A f u r t h e r c o n t r i b u t i o n to the palaeontology of the Great Limestone i s to 
be found i n Smith (191O), the fatma e s t a b l i s h e d by him being incorporated 
by H i l l ( 1 9 3 8 ) . 

An extremely i n t e r e s t i n g paper by Clough (1903) eihowe how, i n Upper 
Teesdale, the f u l l 55 f e e t of Great Limestone can be replaced by 10 - 12 

f e e t of s o f t ochreous c l a y due to "famping", a process of conversion i n t o 
ochre. 

The small area of Carboniferous rocks around Canonbie was dealt 
with by Peach and Home (1903) i n the e a r l y part of t h i s century and more 
r e c e n t l y by B a r r e t t and Richey (.^9^3). I n the former paper the r e l a t i o n ­
s h i p of the rocks to those of Northern England and C e n t r a l Scotland was 
considered, but not alt o g e t h e r s a t i s f a c t o r i l y . I n t h e i r report on the 

- 12 -



r e c e n t l y d r i l l e d Archerbeck Borehole i n t h i s region, Lumsden and Wilson 
( 1 9 6 1 ) c o r r e l a t e the C a t s b i t and Blae Pot Limestones with the Great and 
L i t t l e Limestones r e s p e c t i v e l y . T h i s c o r r e l a t i o n i s e n t i r e l y s a t i s f a c ­
tory, e s p e c i a l l y s i n c e the beds between the two first-nsuned limestones 
are s i m i l a r i n l i t h o l o g y to those found between the Great and L i t t l e 
elsewhere. 

The development of c o a l i n the cyclothem was f u l l y reviewed by 
Smith ( 1 9 1 2 ) f o r the whole of Northern England. Some of h i s c o r r e l a t i o n s 
of seams i n Northumberland have been shovm to be i n c o r r e c t but t h i s i s 
of small matter when the l a r g e area that was considered i s tsiken i n t o 
account. 

R e v i s i o n of the mapping of Cumberland, Westmorland, Northumberland 
and Durham by the Geological Survey was begun i n - 1 9 2 0 and i s s t i l l being 
c a r r i e d on. Much u s e f u l information acquired during the mapping was 
published i n Summary of Progress f o r the years between 1920 and 193O 

but most of t h i s has been incorporated i n the memoirs f o r the r e l e v a n t 
a r e a s where these have appeared. Of p a r t i c u l a r i n t e r e s t , however, i s 
the paper by Bernard Smith ( 1 9 2 7 ) i n which a s e c t i o n through what i s 
probably the Great Cyclothem i s reported from one of the boreholes d r i l l e d 
at-the northern end of the I s l e of Man. The only published information 
p e r t a i n i n g to the area at the northern end of the Lsike D i s t r i c t , except f o r 
that by T r o t t e r ( i n Trueman, 195^)» i s to be foxmd i n Summeiry of Progress 
(Eastwood, 1 9 3 1 ) ; however, the one-inch geological map f o r the l a t t e r area 
(Sheet 2 3 ) has appeared r e c e n t l y . A l i s t of one-inch maps and memoirs 
f o r the re-surveyed areas which are r e l e v a n t to t h i s work i s given below:-

Sheet Date Author of Memoir and 
Nmaber Published Name Date published 

2 1925 Berwick-on-Tweed Fowler ( 1 9 2 6 ) 

k 1925 Holy I s l a n d Carruthers et a l . ( 1 9 2 7 ) 

6 1930 Alnwick Carruthers et al. ( 1 9 3 O ) 

9 1 9 3 ^ Rothbury Fowler ( 1 9 3 6 ) 

^k 1955 Morpeth Not published 
18 1930 Brampton T r o t t e r and Hollingworth ( 1 9 3 2 ) 

19 1956 Hexham Not published 

22 1930 Maryport Eastwood ( 1 9 3 0 ) 

2 3 1959 Cockermouth Not published 
28 1929 Whitehaven Eastwood et a l . ( I 9 3 l ) 
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From the foregoing i t can be seen that the major part of the r e l e v a n t 
area of Northumberland has been re-surveyed and f o r much of i t there 
are memoirs a v a i l a b l e . Memoirs are a l s o at hand f o r north-east Cumber­
l a n d and the west s i d e of the Lake D i s t r i c t , but unfortunately the one 
f o r the Cockermouth sheet, although i n preparation, has not yet appeared. 
From the information a v a i l a b l e , however, i t would appear that the L i t t l e 
Limestone becomes an i m p e r s i s t e n t horizon westward acr o s s t h i s l a s t named 
sheet. I f t h i s i s so there i s then no w e l l defined upper boundary f o r 
the cyclothem. No d e t a i l e d c o n s i d e r a t i o n of the information which has 
been obtained from the memoirs w i l l be made here, s i n c e i t w i l l be f u l l y 
r e f e r r e d to l a t e r . However, i t i s of i n t e r e s t to note that i n the 
Brampton Memoir ( T r o t t e r and Hollingworth, 1932) the f i r s t r e a l attempt 
was made a t an organized study of l a t e r a l v a r i a t i o n w i t h i n the cyclothem, 
the problem considered being the v a r i a b l e development of the L i t t l e Lime­
stone C o a l s . 

E a r l e (1921) and Edmonds (1922) both c o r r e l a t e d the F i r s t Limestone 
of West Cumberland with the Great Limestone, the former by mapping arotind 
the northern end of the Lake D i s t r i c t , and the l a t t e r on the b a s i s of 
l i t h o l o g i c a l and faunal c h a r a c t e r i s t i c s . T h i s c o r r e l a t i o n has been up­
held by the Survey (Eastwood et aL, 1 9 3 1 ) « 

Records of c e r t a i n s h a f t s e c t i o n s are to be found i n the Speciail 
Reports on Mineral Resources (Lead and z i n c ores) by Carruthers and 
Strahan (1923, Durham, Yorkshire and Derbyshire) and Smith and Carruthers 
(1923, Northumberland and A l s t o n Moor). 

A f u r t h e r c o n t r i b u t i o n to the knowledge of the cyclothem i n the 
region e a s t of the outcrops on the Alston Block was made by Woolacott 
(1923) and Lee (1924) i n t h e i r accounts of the Roddymoor boring. Crook, 

An a d d i t i o n to the knowledge of the fauna of the Great (= Main) 
Limestone was made by Garwood and Goodyear (1924) who a l s o mentioned the 
f o s s i l l i s t of Hughes (1908) f o r the same limestone. Turner (1927) a l s o 
published a favmal l i s t f o r the Great Limestone, 

Hudson (1924 and 1 9 4 l ) considered the 'Red Beds' and 'Black Beds' 
of Swaledale to be the l a t e r a l equivalents of the Coal S i l l s Group and 
to u n d e r l i e the L i t t l e Limestone, as did Dakyns et al.(189O and 189I). 
However, Hudson only made i n c i d e n t a l reference to the above c o r r e l a t i o n . 

F u r t h e r d e t a i l s of the development of the L i t t l e Limestone Coals 
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are given by Hedley and Waite (1928) f o r the d i s t r i c t north of Corbridge. 
The t h i c k sandstone which occurs below the c o a l s and the Snope Burn 
Marine Band i n the Tyne V a l l e y region i s named the Black Pasture S i l l 
( a f t e r Lebour, l875) . Hedley ( i n H i c k l i n g , 1931) only gives a very 
general account of the cyclothem i n Northumberland but i t i s i n t e r e s t ­
i n g to note th a t the L i t t l e Limestone of the south i s c o r r e l a t e d with 
the Cushat Limestone of the north, thus f i x i n g the upper l i m i t of the 
cyclothem f a r t h e r a f i e l d . T h i s followed the c o r r e l a t i o n e s t a b l i s h e d by 
the Survey (Summ. Prog. G.S.G.B., 1925). 

I n h i s i n t r o d u c t i o n to S c o t t i s h Carboniferous s t r a t i g r a p h y MacGregor 
(1929) c o r r e l a t e d the Top Hosie Limestone, which forms the base of the 
Limestone Coal Group, with the Great of Northumberland, but no equivalent 
of the L i t t l e Limestone was suggested to f i x the upper l i m i t of the 
cyclothem. 

M i l l e r and Turner (1931) working i n the Dent F a u l t and Shap d i s t r i c t s 
c o r r e l a t e d the Main Limestone of the block with the Great S t r i c k l a n d or 
Kings Meaburn Limestone of the l a t t e r d i s t r i c t . They thus r e - i t e r a t e d 
the c o r r e l a t i o n e s t a b l i s h e d by the authors of the Appleby Memoir (Dedcyns 
et al., 1897). The Bewley C a s t l e Limestone of the Shap d i s t r i c t was 
c o r r e l a t e d with the Crow Limestone w h i l s t the r e p r e s e n t a t i v e of the Upper 
L i t t l e Limestone was taken as a t h i n limestone which was observed i n the 
R i v e r Lowther, one of the r i v e r s of the Shap d i s t r i c t . A faunal l i s t 
was a l s o given f o r the Main Limestone, conteiining specimens c o l l e c t e d 
from both sireas. The Stainmore area of. Westmorland was dealt with by 
Turner (1935) mainly from a t e c t o n i c viewpoint but the presence of the 
Coal S i l l s was demonstrated and the Great Limestone was mapped i n t o the 
Main a c r o s s the highly f a u l t e d ground of t h i s region. 

C a r r u t h e r s ' "Adventure i n S t r a t i g r a p h y " (1938) was somewhat i l l -
f a t e d as f a r as the c o r r e l a t i o n ofi the Coal S i l l s Group from the Alston 
to A skrigg Blocks i s concerned s i n c e the Ten Fathom G r i t of Rogan's Seat 
and ArkengaTithdale was equated with the "Upper Coal S i l l (and p o s s i b l y 
the lower one a l s o ) of the Teesdale sequence". The Crow Limestone over­
l i e s the Ten Fathom G r i t i n Swaledale and Carruthers considered t h i s to 
be the equivalent of the L i t t l e Limestone of Teesdale, the name L i t t l e 
Limestone being used f o r a bed which he considered to l i e below the Coal 
S i l l s i n Swaledale. There i s no doubt that Carruthers was misled by the 
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dying out of the arenaceous members of the group and th e i r psirtial 
l a t e r a l replacement by chert to the south (Wells, 1955a and 1955b) , 

This mis-correlation does not completely detract the value from the 
work, because a few useful sections are quoted for the Alston Block. 
However, i t does give a plain warning that the use of measured sections 
alone f o r correlation i s inadvisable. 

The cyclothem cannot be recognized as such i n the Furness D i s t r i c t , 
as indicated by Dunham and Rose (19^1)f because of the marked facies 
change. However, beds of similar age undoubtedly form part of the 
predominantly shaly Gleaston Group. 

The deep borehole i n the Cleveland H i l l s (Fowler, 19^14) gives yet 
another record of the cyclothem well detached from the outcrops to the 
west of i t . 

Black (1950) t e n t a t i v e l y correlated the Great Limestone with the 
Scale Haw Limestone which occurs i n the Bowlsmd Sheiles and from which 
Hudson and Cotton (19^3) have recorded an Ê a fauna. 

Trotter (1952) considered the Namurian from the point of view of 
sedimentation facies and demonstrated how an important facies change 
tEikes place above the Great Limestone. He tentatively suggested that 
the Johnstone Shell Bed of Scotland may be the deteriorated represen­
ta t i v e of the L i t t l e Limestone of Northern England, as well as re-stating 
the Top Hosie - Great Limestone correlation. 

Some general information i s to be found i n the Regional Guides for 
Northern England (Eastwood, 1953) and the Pennines and adjacent areas 
(Edwards and Trotter, 1 9 5 ^ ) . 

The authors of the guide to Ingleborough (Dunham et aL, 1953) and 
Hicks (1959) noted no limestone i n the 200 feet i n t e r v a l between the 
top of the Main Limestone and the g r i t that caps the mountain. However, 
the exposure of the beds at t h i s point i s by no means perfect. 

I n her concise review of the Lower Carboniferous rocks i n the North 
of England, Rayner (1953) suggested that the Vise'an-Naraurian junction 
l i e s between the Great and Four Fathom Limestones and that the base of 
the Great Limestone should be defined as th i s boxmdary. Currie (I 9 5 ^ ) i 
working quite independently, showed that the Top Hosie Limestone of 
Scotland l i e s at the base of the Namurian. Also i n 195^, Craig gave a 
very i n t e r e s t i n g account of the peilaeoecology of the Top Hosie Shale. 
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Brief mention of the cyclothem i s made i n the guide to the Alnwick 
d i s t r i c t (Westoll et aL, 1.955). 

The fauna and lithology of three biostromes developed i n the Great 
Limestone \iere described i n d e t a i l by Johnson ( 1 9 5 8 ) . In ascending 
order they are the Chaetetes Band, Brunton Band and Frosterley [Marble] 
Band. The f i r s t two were new whilst the other had been described by 
Dunham ( 1 9 ^ 8 ) . In his account of the Roman Wall d i s t r i c t , Johnson (1959) 

dealt mainly with the Great Limestone, but some sections for the whole 
cyclothem smd a general account of the same were given. More evidence 
was also put forward for defining the base of the Great Limestone as the 
Visean-Neimurian boundary. 

The Bewley Castle Limestone of the Appleby d i s t r i c t was correlated 
with the L i t t l e Limestone by Versey ( 196O) . 

Ferguson (1961) gives an interesting account of the fauna of the 
Tumbler Beds from where they are well developed at the top of the Great 
Limestone i n the quarries around Stanhope, Weardale. The new genus, 
Claviradix i s more p a r t i c u l a r l y considered than the rest of the fauna. 
A thickness of Sk feet i s also recorded for the Great Limestone; t h i s 
thickness i s inaccurate cind considerably i n excess of that actusdly 
present. 

Details f or a very poorly exposed area are given by Dunham and John­
son (1962) i n t h e i r detailed stratigraphical and palaeontological account 
of four boreholes.drilled on Swinhope Moor, East Allendale. 

The position of the Visean-Namurian boundary i n north-east Englsmd 
i s further c l a r i f i e d by Johnson, Hodge and Fedrbairn (1962) who report 
a number of new goniatite finds relevant to th i s problem. The pertinent 
details are contained i n the "stratigraphical position" chapter and a 
repri n t of the paper i s enclosed. Suffice to say, the boundary i s placed 
at the base of the Great Limestone. 

Turner (1962) has described the d i s t r i b u t i o n of the Chaetetes band 
i n the north-west quarter of the Askrigg Block. 

The works of Dunham (19^8 and 1950) have been omitted u n t i l here 
because they are the basic models for a series of more recent contributions, 
each of which consider and evaluate l a t e r a l variation within the cyclothems 
of specific areas. I n the Northern Pennine Orefield (Dunham, 1 9 ^ 8 ) , i n 
addition to dealing with the other cyclothems of the sequence, a succinct 
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account of the variations i n the development of the Great Cyclothem on 
the Alston Block i s given, and the presence of sandstone-filled washout 
channels i s f i r s t suggested. Other variations from Forster's standard 
Alston Moor sequence (with Wallace's White Hazle inserted) are also given. 
The 1950 paper of Dunham considers the Lower Carboniferous from the point 
of view of sedimentation, but i t i s based on 112 sections of strata 
compiled from records of boreholes, mine-shafts and underground workings, 
as well as surface exposures. 69 of these sections contain a record 
through the Great Cyclothem and these have been placed at the author's 
disposal. I t was i n t h i s paper that the term Great Cyclothem f i r s t 
appeared i n p r i n t . 

Recently, the geology of the Moor House Nature Reserve has been 
investigated i n great d e t a i l by Johnson (Johnson and Dunham, 1 9 6 2 ) . 

During t h i s survey the development of the cyclothem i n the Cross F e l l -
Great Dun F e l l area was examined. 

The works referred to below, each of which considers the cyclothem 
within a specific area, are either theses or papers based on theses which 
were presented for the degree of Doctor of Philosophy by the various 
authors. L i t t l e information regarding them w i l l be given here as they 
w i l l be f u l l y referred to i n the tex t . Fig. 2 shows the positions of 
the areas involved i n these works, as well as those for some of the more 
important works mentioned above. 

Short ( 195^ ) covered the northern part of the Pennine Escarpment 
from Ardale, below Cross F e l l , to Croglin Water, thus overlapping on to 
the southern part of the Brampton sheet (Trotter eind Hollingworth, 1932), 

The south-east part of the Alston Block, between Middleton-in-
Teesdale and Woodlands, was considered by Jones ( 1 9 5 6 ) . 

The Cotherstone Syncline and Askrigg Block have been almost completely 
resurveyed by recent workers, the only large area of Carboniferous rocks 
remaining to be studied being that between Ingleborough and Coverdale, 
south of the Ure. 

Reading (195^ and 1957) investigated the Cotherstone Syncline, 
overlapping the ground considered by Turner (1935) to a small extent 
i n the west. Reading, however, gives complete stratigraphical details 
whereas Turner was mainly interested i n the tectonics of the area. 

An extremely large area was covered by Wells (1955a, 1955b and 1957) 
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who, i n particular, investigated the development of chert within the 
Great Cyclothem and the cyclothems immediately above and below. A l ­
together k30 square miles of North Yorkshire were considered. Wells 
showed that Dakyns et al.(189O and I891) and Hudson (192^ and 19^1) 
were incorrect i n correlating the cherty Black and Red Beds with the 
•Coal S i l l s ' because the Red Beds are components of his Richmond Chert 
Series which overlie the L i t t l e Limestone, the base of which forms the 
top of the Coal S i l l s Group. 

Rowell and Scanlon (Rowell, 1953 and Scanlon, 1955; j o i n t l y , 1957a 
and 1 9 5 7 b ) , working to the west of Wells, investigated the north-west 
quarter of the Askrigg Block, The L i t t l e Limestone "Pipe Bed", which 
has since proved to be an extremely useful marker horizon, was i n i t i a l l y 
discovered by these workers and then independently recognized by Wells 
(op. c i t . ) and Wilson (1957 and 196O). 

Only the beds up to the top of the Great Limestone were examined 
by Moore (1955, 1958, 1959 and 196O) i n Upper Wensleydale and the ad­
jo i n i n g areas since the higher strata had been adequately considered by 
Wells (op. c i t . ) . On the basis of his investigation Moore puts forward 
a revolutionary theory to explain the sedimentation i n the Yoredales. 

Hicks (1958 and 1959) completed the coverage of the west side of 
the Askrigg Block working to the south of Rowell and Scanlon. Of 
particular interest i n his area i s the coarse grained, garnet-rich 
sandstone of the Coal S i l l s Group which Wells (op. c i t . ) mistook as the 
basal Millstone Grit component. 

The only other recent work on the Askrigg Block which i s of import­
ance here i s that of Wilson (1957 and 196O). The area examined l i e s i n 
the south-east part of the Block, embracing Coverdale and the adjacent 
valleys. Small isolated patches of chert and shale were shown to be 
developed between the Great and L i t t l e Limestones of this area, but 
normally the two limestones are i n contact and frequently csinnot be 
recognised as separate units. Wilson's area overlaps that of Wells to 
a small extent i n the north. 

Summarizing the sit u a t i o n as i t was at the commencement of the 
present investigation, a great deal of detailed information regarding 
the Great Cyclothem, widely scattered over Northern England had appeared, 
but apart from the l i m i t e d work of Wells (op. c i t . ) on the cherty facies, 
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no attempt had been made to organize the data so as to obtain a picture 
of the changing conditions of sedimentation at the inception of Upper 
Carboniferous times. The following work i s an attempt to remedy this 
s i t u a t i o n i n order to assess the conditions of deposition sind recons­
t r u c t the peQ-aeogeography of the Yoredale delta and adjacent areas 
p r i o r to and during one of the delta's major advances. 
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CHAPTER I I 

STRATIGRAPHICAL POSITION 

The position of the Great Cyclothem i n relation to adjacent units 
of the l i t h o l o g i c a l sequence i s shown i n the following table which l i s t s 
the limestones forming the basal members of the cyclothems above and 
below i t on the Northumbrian Block, 

ALSTON BLOCK ASKRIGG BLOCK 
Crag Limestone Crow Limestone 
L i t t l e Limestone L i t t l e Limestone 

J. T. J . T Great Cyclothem J" „ . ,. Great Limestone .T L Main Limestone 
Four Fathom Limestone Undersett Limestone 
Three Yard Limestone Three Yard Limestone 

P h i l l i p s ' (1836) Yoredale Series had as i t s upper-most member the 
Main (= Great) Limestone, the strata above this being included i n the 
Millstone Grit Series. The Yoredale Series has since been extended 
considerably higher than that of P h i l l i p s , the various surveyors (for 
example, the Primary Surveyors, I86O - I89O) and authors making their 
own particular selection for a base to the Millstone G r i t . More recently 
Yoredale or Yoredaleian has been employed as a facies term to describe 
the eilternating limestone, shale, sandstone sequence typical of the 
Lower Carboniferous i n much of Northern England; for example, Hickling 
(1931). Thus, despite the decision of a Committee of the B r i t i s h Assoc­
i a t i o n i n 1 9 2 5 , the term has l a t t e r l y been used with no very s t r i c t 
s t r a t i g r a p h i c a l meaning but i t i s a convenient term to describe the 
facies. A Yoredale facies i s developed above the Great Limestone north 
and west of the type area of Wensleydale. 

The base of the Great Limestone was taken as the base of the Bernic-
ian Upper Limestone Group by Carruthers ( 1 9 2 3 ) , a practice adopted subse­
quently by various authors, for example. Trotter and Hollingworth ( 1 9 3 2 ) 

and Dunham ( 1 9 ^ 8 ) . This grouping was based on the coral-brachiopod 
zones established by Smith ( 1 9 1 0 ) who was aided i n his work i n North­
umberland by Vaughan, the originator of the coral-brachiopod zonal 

- 21 -



sequence f o r the B r i s t o l area ( 1 9 0 5 ) . The Middle-Upper Limestone Group 
junction, at the base of the Great Limestone, corresponded to Smith's 
D^^jAiy boundary. Johnson ( 1 9 5 9 ) has reviewed the coral-brachiopod zonal 
position of the Carboniferous rocks i n western Northumberland and conclu­
ded that the top of the Dibunophyllum zone l i e s between the Four Fathom 
and Great Limestones. Thus the Great Cyclothem and succeeding strata l i e 
above the D zone of Vaughan. Obviously, t h i s i s why Smith had to erect 
his extra sub-zone, D , i n order to f i t the upper part of the so-called 
Lower Carboniferous sequence of Northern England into the coral-brachiopod 
zonal scheme. 

Only recently has i t been possible to place the Carboniferous 
sequence of north-east England into i t s correct position i n the goniatite 
zonal scheme originated by W. S. Bisat (192'f). Although the d i s t r i b u t i o n 
of goniatites i s r e l a t i v e l y sparse i n rocks of Yoredale facies, careful 
and d i l i g e n t search has brought to l i g h t severeil goniatite-bearing 
horizons i n the last few years. The discovery by the author and Dr. G. 
A. L. Johnson of several small goniatites i n shales just above the L i t t l e 
Limestone warrants an appraisal of those previous goniatite finds which 
have a bearing on the zonal position of the Great Cyclothem. Also, during 
the l a s t few years em amateur geologist friend of the author, Mr. R. A. 
Fairbairn, has collected six goniatites from the shales which occur 
immediately above the Great Limestone at Greenleighton Quarry, Northumber­
land. The c r i t i c a l zonal significance of these goniatites was not r e a l ­
ised i n i t i a l l y by Mr. Fairbairn, but the author has had them examined by 
Dr. Rsunsbottom and Mr. Bisat who confirmed his and Dr. Johnson's tentative 
i d e n t i f i c a t i o n of them. The horizons from which goniatites and related 
faunas have been collected are enumerated below. The l i s t has been 
compiled from works by Dunham ( 1 9 ^ 8 ) , Trotter ( 1 9 5 2 ) , Rayner ( 1 9 5 3 ) , 

Rowell and Scanlon (195*;^, Johnson ( 1 9 5 9 ) , Wilson (196O) and original 
work by the author and his co-workers (Johnson, Hodge and Fairbairn, 
1 9 6 2 ) : -

( i ) Sudeticeras adeps Moore, P 2 , from shales above the 
Acre Limestone on Holy Island and c.f. Sudeticeras adeps 
Moore,- from a similar horizon at Ancroftsteads Limeworks, 
three miles north of Lowick. Both were collected by J, 
Rhodes (Trotter, 1952 and Rayner, 1 9 5 3 ) . The Acre Lime-
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stone has been correlated with the Three Yard Lime­
stone of the Northumbrian Fault-Block (Johnson, 1959). 
( i i ) Girtyoceras? costatum Ruprecht, high ^2^^ 
associated with Girtyoceras sp,, Sudeticeras sp, juv, 
£ind Caneyella [Posidonia] membranacea (M'Coy), from 
shales above the Undersett (= Four Fathom) Limestone 
i n the Mount Pleasant water boring, near Barnard 
Castle, (see Fig, 4a f o r the exact horizon). The 
fauna was collected by Dr. Johnson and the goniatites 
determined by Dr. Stubblefield and Mr, Bisat (Rayner, 
1953 and Johnson, 1959). 
( i i i ) Tylonautilus nodiferus (Armstrong) early mut,, 
i n association with Caneyella [Posidonia] membranacea 
(M'Coy); t h i s f i n d i s considered to be indicative of 
highest P2 or low E^, although Trotter (1952) and 
Rowell and Scanlon (1957) have indicated that 
T,nodiferus early mutation ranges throughout E^, 
The f o s s i l s were collected by Dr, Johnson from shales 
above the Four Fathom Limestone i n Chineley Burn, above 
Bardon M i l l , Northumberland (Johnson, 1959). 
( i v ) ?Cravenoceras sp,, Ê ; collected by Dr. Wilson 
and i d e n t i f i e d by Dr, Ramsbottom, The specimen i s a 
single fragmentary goniatite collected from shales 
approximately 20 feet above the Undersett Limestone 
(Wilson, 1960), 
(v) Eumorphoceras pseudobilingue (Bisat), ; 
collected by Dr, Hudson from shales immediately below 
the limestone on Fountains F e l l which i s usually 
considered to be the Main, Some doubt has been cast 
on the i d e n t i f i c a t i o n of t h i s limestone as the Main 
by Trotter (1952), The limestone occxirs i n very poorly 
exposed ground but i n the l i g h t of the goniatite 
discoveries l i s t e d here i t would seem l i k e l y that i t 
i s the Main, I d e n t i f i c a t i o n of the goniatite was by 
Mr. Biaat, This record (Hudson, 19^1) i s confirmed 
by Black (1950) though the Eumorphoceras of Black was 
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Fig. k 

Sections to show the st r a t i g r a p h i c a l position of 
the more important goniatite-bearing horizons. 

(a) Barnard Castle Borehole 
(b) Greenleighton Quarry 
(c) Swinhope area 
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considered by Mr. Bisat to be an earlier species than 
that of Hudson, 
( v i ) Cravenoceras leion Bisat, E^, collected by Mr, 
R. A. Fairbairn and passed on to the author for i d e n t i ­
f i c a t i o n , t h i s being kindly carried out by Dr, Rams­
bottom and Mr, Bisat. The six goniatites were a l l 
collected from t i p material of a quarry which i s worked 
i n the Great Limestone near Greenleighton Farm, North-

•1 

umberland (45/035916) . At t h i s quarry a peculiar 
method of removing the overburden from the limestone 
i s employed because i t i s bull-dozed to the top of the 
quarry and piled behind the working face. The goniatites 
were collected from these piles of t i p material and were 
found to be associated with a characteristic nodule 
l i t h o l o g y . Nodules of similar lithology are concen­
trated i n s i t u at a l e v e l approximately 12 feet above 
the limestone top and i t seems reasonably certain that 
t h i s i s the horizon from which the goniatites originated. 
Unfortunately no goniatites have been found i n s i t u but 
the shales contain a p r o l i f i c fauna which includes 
abundant Chonetes and Eomarginifera, as well as 
Schuchertella, Ceimarotoechia, Sanguinolites, Edmondia, 
Nuculopsis, Nuculsma, Leptaena, Lingula, Orbiculoidea 
and large crinoid stems. Occasional t h i n , impersistent, 
s i l t y , very f o s s i l i f e r o u s calcareous bands occur i n the 
shales which grade into a very flaggy sandstone 23 feet 
above the limestone top. 

Because of t h e i r p r o l i f i c fauna and the presence 
of t h i n calcareous bands i t i s considered that at least 
the lower part of the shales are l a t e r a l l y equivalent to 
and have replaced the upper part of the limestone as 
developed farther south on the Northumbrian Fault-Block, 

Fig. 4b shows the section at Greenleighton Quarry 
and the supposed position of the goniatites, whilst Fig. 5 

1 : Eight figure niunbers i n brackets are National 
Grid References. 
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Fig. 5 
Cravenoceras leion Bisat, Greenleighton Quarry, Northumberland. 

A l l specimens x 3»5 
(Numbers i n brackets are Geological Survey specimen catalogue numbers) 

(a 

(b 

(c 

(d 

l a t e r a l view of a complete specimen with 
a constriction (GSL. L Z 3^6). 
l a t e r a l view of specimen (a) broken open 
to show fine ornament (GSL. L Z 3^6). 
ventral view of (b) showing fine ornament 
(GSL. LZ3406). 

as (c) but iinder l i q u i d and showing a suture 
which i s approximately picked out by a colour 
change (GSL. LZ3406), 

(e) l a t e r a l view of a specimen to show the 
general form, 

( f ) l a t e r a l view of general form (specimen 
s l i g h t l y d i s t o r t e d ) , 

(g) ventral view of specimen ( f ) showing a 
distorted suture picked out by a colour 
change, 

(h) l a t e r a l "view shoxiring fine ornament on a 
s l i g h t l y distorted specimen (GSL. LZ3 '^7)« 

( i ) ventral view of (h) (GSL. LZ3407). 
( j ) ventral view of the largest specimen collected 

(pock-marking i s a secondary e f f e c t ) , 
(k) l a t e r a l view of ( j ) . 



(a) 

Fig, 5 

( f ) (g) 

( i ) ( j ) (k) 



shows the general form and specific features of the 
goniatites. S t a t i s t i c a l data for the goniatites axe 
given i n Table I . The specimens f i t well i n t o the 
C. le i o n species group and have shells of subglobose 
form with an open umbilicus of a width about one-
fourth of the diameter of the s h e l l . The venter and 
flanks are broadly rounded and nearly semicircular i n 
outline. The external ornament i s well preserved i n 
some specimens (Fig. 5b, c, h, and i ) and consists of 
closely-set, t h i n , non-crenulate transverse st r i a e , 
emerging from the umbilicus i n a s l i g h t l y forward 
direction and bending to form a very shallow sinus 
over the venter. Shallow constrictions are developed 
on the shells. The suture l i n e i s well displayed on 
some of the specimens (Fig. 5d and g) and shows the 
broadly rounded ventral saddles and narrow laterail 
lobes. 

Table I 
Dimensions of Cravenoceras leion Bisat from 

Greenleighton Quarry, Northumberland. 

Specimen No, Diameter 
(mm.) 

Thickness 
(mm.) 

Umbilicus 
(mm,) 

5a,b,c and d 13.5 9.5 3.0 

5e 11,0 7.0 2,5 
5 f and g 13.0 8.5 2,5 
5h and i 10,5 7.0 2,0 

5 j and k 14.0 10.5 3.5 

Specimens 5a and 5h have been presented to the 
Geological Survey and are housed at the Leeds 
Office, Their catalogue numbers are GSL. LZ3406 
and GSL. LZ3407 respectively. The rest are i n 
Mr, R. A. Fairbairn's private collection at New­
castle. 
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F i g . 6 

Cravenoceras a f f . malhamense ( B i s a t ) , Swinhope Burn, E a s t A l l e n d a l e 
A l l specimens x 5. 

(Nxunbers i n brackets are Geo l o g i c a l Survey specimen catalogue numbers) 

( a ) l a t e r a l viev; showing the r a i s e d u m b i l i c a l 
rim (GSL. LZ3409). 

(b) v e n t r a l view of a l a t e x c a s t made from a 
n a t u r a l e x t e r n a l mold with a suture p r o f i l e 
e x h i b i t e d (GSL. LZ34o8). 

( c ) l a t e r a l view of (b) with poorly defined 
s u t u r e _ l i n e s (GSL. LZ3408), 

(d) l a t e r a l view of a l a r g e specimen showing 
the general form with a c o n s t r i c t i o n , 

( e ) v e n t r a l view to show ornament w i t h the 
marked hyponomic s i n u s (GSL. LZ3410), 

( f ) l a t e r a l view of ( e ) showing the wide 
ximbilicus and r a i s e d u m b i l i c a l rim 
(GSL. LZ3410), 

(g) o b l i q u e - l a t e r a l view showing the r a i s e d 
u m b i l i c a l rim (GSL. L Z 3 4 l l ) . 

(h) v e n t r a l view of (g) showing the marked 
hyponomic s i n u s (GSL. LZ3411). 

Cravenoceras sp., Swinhope Borehole No. 3, E a s t A l l e n d a l e 
Specimen x 5* 

( i ) l a t e r a l view of a fragmentary specimen 
showing the umbilicus and orneiment. 



F i g . 6 

f 
s 

(a) (b) 

(e) ( f ) 

(d) 

0\ 
(g) ( i ) 



Hopeheod 
1 

Swinhopehea 
Reservoir 

Swinhope Mine y 
^ Incline ^^^y^y;. 

F i g . 7 . Geological Sketch Map of the Swinhope Area. 
The g o n i a t i t e l o c a l i t y i s marked X, 



( v i i ) T y l o n a u t i l u s nodiferus (Armstrong) earl y mut., 
; c o l l e c t e d by Rhodes (Hind 1901) from the upper 

l e a f of the Great Limestone i n Smithy G i l l , Swarth 
F e l l (3V77^963). The h i s t o r y of t h i s specimen i s 
reviewed by Rowell and Scanlon (1957a). 

( v i i i ) Cravenoceras sp., "between malhamense and 
cov;lingense", and Eumorphoceras sp. were reported 
from a f a u l t e d block of what was considered to be 
possibly the Tumbler Beds of the Great Limestone 
by Shotton and T r o t t e r (1936), the l o c a l i t y being 
at Star Hows, Ardale Beck, below Cross F e l l . John­
son (1959) has r e c e n t l y c o l l e c t e d Cravenoceras sp. 
nov. and Kazakhocerae [Neodimorphoceras] sp. from 
the same l o c a l i t y , the i d e n t i f i c a t i o n being c a r r i e d 
out by Mr. Bi s a t . These g o n i a t i t e s i n d i c a t e an E 
age but Johnson (op. c i t . ) considers the horizon t o 
be above the Great Limestone. Short (195^) also 
decided, ori the basis of the micro-fauna, th a t t h i s 
horizon was considerably higher than the Great Lime­
stone as had Johnson ( i n l i t t . t o Rayner, 1953) on a 
s i m i l a r basis. 
( i x ) Cravenoceras a f f . malhamense ( B i s a t ) , E^, 
c o l l e c t e d by the author and Dr. G. A. L. Johnson 
from shales l4'6" above the top of the Upper L i t t l e 
Limestone i n Swinhope Burn, East Allendale. S i m i l a r 
fragmentary g o n i a t i t e s , i d e n t i f i e d as Cravenoceras 
sp., were found almost synchronously i n the New 
Consolidated G o l d f i e l d s Swinhope Boreholes at 
approximately the same horizon (Dunham and Johnson, 
1962). The g o n i a t i t e horizons are shown on F i g . 4c 

and the surface l o c a l i t y on F i g . 7. The surface 
specimens were k i n d l y examined by Dr. Ramsbottom and 
Mr. B i s a t , the former g i v i n g the f o l l o w i n g i d e n t i f i ­
c a t i o n and d e s c r i p t i o n : -

"These are Cravenoceras sp., but there are a 
number of unusual features - notably the raised 
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u m b i l i c a l r i m ( F i g . 6a) and the marked hyponomic 
sinus ( F i g . 6e), 

"A r a i s e d u m b i l i c a l rim i s known i n 
examples of comparable size i n both C. l e i o n 
and le s s d e f i n i t e l y i n C. mailhamense, but these 
species do not show any hyponomic sinus. The 
only Cravenoceras example seen which shows any 
hyponomic sinus a t t h i s size ( c . 8 mm.) i s 
C. cowlingense from the same e r r a t i c block i n 
Keighley churchyard which y i e l d e d the types of 
Anthracoceras c h e r r y i ( B i s a t ) . 

"The ornament of.the specimens i s , apart 
from the sinus, very close to t h a t of C. malhamense 
and Cravenoceras a f f , malhamense (B i s a t ) would seem 
to be the best name f o r these specimens u n t i l more 
i s known about the Cravenoceras succession i n E^»" 

Table I I 

Dimensions of Cravenoceras a f f . malhamense (B i s a t ) 
from Swinhope Burn, East Al l e n d a l e , Northumberland. 

Specimen No. Diameter Thickness . Umbilicus 
(mm.) (mm.) (mm,) 

6a 6.0 - 2.0 
6b £ind c ^.0 3.5 1.5 
6d 8.0 ^.5 2.0 
6e and f 5.0 ^.0+ 2.5 
6g and h 3.0 2.0 1.0 
6 i 5.0 - 1.5 

Specimens 6a, 6b, 6e and 6g have been presented to 
the Geological Survey and are housed a t the Leeds 
O f f i c e . Their catalogue numbers are GSL. LZ3^9, 
GSL. LZ3^8, GSL. LZ3^10 and GSL. LZ3'H1 respec­
t i v e l y . The other specimens are i n the c o l l e c t i o n 
of the Department of Geology at Durham. 

Several specimens were c o l l e c t e d and the 
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b e t t e r ones are shown i n F i g . 6 to i l l u s t r a t e t h e i r 
general form and the s p e c i f i c features mentioned by 
Dr. Ramsbottom. Table I I gives s t a t i s t i c a l d e t a i l s 
f o r the g o n i a t i t e s . The s h e l l s are of cadicone form 
w i t h wide umbilicus and broad venter (Fig. 6a to h ) . 
Ex t e r n a l ornament consists of d e l i c a t e , transverse 
s t r i a e , non-crenulate and non-dichotomizing, w i t h a 
marked hyponomic sinus on the venter ( F i g . 6e ) . The 
sutures are not w e l l shown but the general o u t l i n e 
can be made out i n some of the specimens ( F i g . 6b 

and c ) , 
The s t r a t i g r a p h i c a l p o s i t i o n of these g o n i a t i t e s 

was not c e r t a i n when they were f i r s t discovered. The 
limestone exposed below the shale i n which they occur 
was mapped as an i n l i e r of L i t t l e Limestone by the 
Primary Surveyors. I t was nevertheless thought at 
f i r s t t h a t t h i s exposed limestone was r e a l l y the upper 
p a r t o f the Great Limestone, because i t s top l i e s 22 

f e e t below the proved top of the Great Limestone and 
86 f e e t below the L i t t l e Limestone top i n the Swinhope 
Mine I n c l i n e . The i n c l i n e head i s 1,650 f e e t west of 
the nearest limestone outcrops and no f a u l t s were 
proved i n the i n t e r v e n i n g ground during mining oper­
a t i o n s . However, a dip of 3 ° i n an ea s t e r l y d i r e c t i o n 
was noted i n the s t r a t a of the i n c l i n e ; t h i s would 
p r e c i s e l y carry the L i t t l e Limestone down to the 
p o s i t i o n o f the limestone outcrops i n Swinhope Burn 
i f i t was maintained. I n order to e s t a b l i s h the 
i d e n t i f i c a t i o n of the limestone as the L i t t l e , the 
s t r a t i g r a p h y of the area was i n v e s t i g a t e d more f u l l y , 
the r e s i d t s being shown i n Figs, he and 7. The 
v e r t i c a l s e ction ( F i g . kc) shows that there i s no 
t h i n coal i n the beds o v e r l y i n g the limestone i n the 
stream (shown as the L i t t l e Limestone) whereas i n the 
i n c l i n e s e c t i o n a 6" shaly coal occurs 15 f e e t above 
the Great Limestone top. This t h i n coal seam i s kijpwn 
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to p e r s i s t over a wide area, but i t can be seen th a t 
t h i s i s almost exactly the p o s i t i o n above the li m e ­
stone i n question t h a t the g o n i a t i t e s were discovered. 
Mapping also showed t h a t the Pattinson S i l l and F i r e ­
stone S i l l could be traced around the area ( F i g . 7) 

g i v i n g a completely d i f f e r e n t sequence from t h a t occur-
i n g immediately above the Great Limestone i n the i n c l i n e . 
I t was thus concluded t h a t the g o n i a t i t e s occur l 4 ' 6 " 

above the L i t t l e Limestone, the i d e n t i f i c a t i o n of the 
limestone by the Primary Surveyors being substantiated. 

The g o n i a t i t e s , which appear to be confined to 
one band, were found i n a micaceous, s l i g h t l y s i l t y 
shale w i t h smeill ironstone nodules; contaiined i n the 
shale i s some comminuted plant m a t e r i a l eind the 
occasional brachiopod and lamellibranch i n c l u d i n g 
Chonetes and indeterminate O r t h o t e t i d s . The shale 
becomes more s i l t y upwards and grades i n t o the P a t t i n ­
son S i l l . 
A wider and, i n p a r t s , more comprehensive account of the g o n i a t i t e s 

and r e l a t e d faunas p e r t a i n i n g to the Vis^an-Namuriaji boundeo-y i s t o be 
found i n Johnson, Hodge and F a i r b a i r n (1962). 

The g o n i a t i t e zonal scheme i n v o l v i n g the species l i s t e d above i s 
summarized i n Table I I I which has been drawn up from the work of Bisat 
(1924, 1928, 1930 and 1950), S t u b b l e f i e l d ( i n Stephens et aL, 1953) 
Ramsbottora ( i n Earp et a l ^ 196I) and Ramsbottom and Hodson (personal 
coimnunication by Dr. Ramsbottom). 

From a consideration of a l l the records, and i n p a r t i c u l a r ( i i ) , 
( i i i ) , ( i v ) and ( v i ) , i t i s obvious t h a t the Visean-Namuricin boundary 
l i e s some l i t t l e way above the top of the Four Fathom Limestone. Thus, 
the Great Cyclothem l i e s completely i n E^, ranging from E^a upwards. 
However, the f u l l range of the cyclothem cannot be given because of the 
i m p o s s i b i l i t y of being absolutely s p e c i f i c i n the i d e n t i f i c a t i o n of the 
g o n i a t i t e s from Swinhope ( i x ) . I t would not be prudent to be more than 
speculative about t h e i r absolute age especially when t h e i r character­
i s t i c s comparable w i t h C. l e i o n (E^a) and C. cowlingense (low E^) are 
taken i n t o consideration. How much emphasis can be placed upon the 
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E. pseudobilingue f i n d from Fountains F e l l (v) i s debatable because of 
the u n c e r t a i n horizon a t t h i s l o c a l i t y . The g o n i a t i t e s from Cross F e l l 
( v i i i ) are of no importance here as i t i s almost c e r t a i n that they 
come from a higher l e v e l i n the sequence than o r i g i n a l l y suggested. 
Also, i t cannot be claimed t h a t there i s no doubt surrounding the 
T. nodiferus record from the upper l e a f of the Main Limestone ( v i i ) . 
There has been some confusion as t o i t s correct s t r a t i g r a p h i c e i l horizon 
but Rowell and Scanlon (195')%) assert t h a t i t comes from the horizon 
st a t e d above, ra t h e r than the Upper L i t t l e Limestone. Nevertheless, i t 
i s unimportant to be s p e c i f i c about the horizon since i t i s known t h a t 
t h i s f o s s i l ranges throughout Ê  ( T r o t t e r , 1952) and, on the basis of 
independent evidence, i t i s c e r t a i n t h a t both the Great and L i t t l e 
Limestones occur w i t h i n E^. 

The most important conclusion of t h i s d e l i b e r a t i o n i s that the 
Visean-Namurian (P2/E^) j u n c t i o n l i e s between the Four Fathom and Great 
Limestones. This conclusion had t e n t a t i v e l y been reached by Rayner 
(1953) and more c e r t a i n l y by Rowell and Scanlon (1957^ and Johnson (1959). 

I t has been suggested t h a t the base of the Great Limestone be defined as 
the Vis^an-Neanuriein boundary (Rayner, op. c i t . , concurred by Johnson, op. 
c i t . ) . There would then be a zonal boundary combined w i t h a good mapp-
able horizon t o demarcate the j u n c t i o n between the Lower and Upper 
Carboniferous ( M i l l s t o n e G r i t S e r i e s ) . I t must be emphasised t h a t t h i s . 
suggestion i s i n harmony w i t h a l l the new and e x i s t i n g evidence. The 
only d i s t r i c t i n Northern England i n which t h i s combination might be 
d i f f i c u l t t o apply i s West Ctunberland where the Survey did not f i n d i t 
possible t o map the representatives of the Four Fathom and Great Lime­
stones as separate u n i t s . This does not imply t h a t there i s not a 
p a r t i n g between the limestones since between 5 and 27 feet of s t r a t a 
have been reported between the two (Eastwood et al., 1931)* Now that the 
f u l l s i g n i f i c a n c e of the Great Limestone base i s r e a l i z e d i t may even­
t u a l l y prove possible t o separate the two limestones. 

On the other hand, on the basis of thickness and l i t h o l o g y the 
Great i s comparable w i t h those limestones occurring below i t rather them 
those above. Consequently T r o t t e r (196O) has suggested that i t would be 
more s a t i s f a c t o r y t o place the Visean-Namurian boundary at the top of 
the Great Limestone, r a t h e r than the base. I n f a c t , on the 1" Geological 
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Survey Cockermouth Sheet: (New Series 23» 1959) , the boundary has been 
drawn i n t h i s p o s i t i o n . The M i l l s t o n e G r i t Series does not then include 
the t h i c k e s t Yoredeile limestone. Nevertheless, t h i s i s here considered 
t o be inadvisable f o r the f o l l o w i n g reasons:-

( i ) The top of the limestone i s not as e a s i l y and 
accurately mapped as the base. 
( i i ) As compared w i t h the base, the limestone top 
i s markedly diachronous, the top of the mappable and 
massive part of the limestone being progressively 
replaced northwards by calcareous shede containing 
occasional t h i n limestone bands. This does not deny 
t h a t there may be s l i g h t diachronism at the limestone 
base (though t h i s has never been demonstrated), but 
onset of limestone deposition, p a r t i c u l a r l y t h a t of 
the Great, i s usu a l l y taken t o represent a sudden and 
widespread marine transgression over the whole area of 
Northern England. 
( i i i ) The base of the Great Limestone i s a very close 
approximation to the '9^/'£,^ time l i n e and the use of i t 
avoids the i n t r o d u c t i o n of amy s u b s t a n t i a l discrapancy, 
which would be introduced i f the limestone top were 
used. The Four Fathom Limestone top could not be used 
f o r the same reasons as those stated ageiinst the use 
of the limestone top i n 1 and 2 . 

( i v ) The use of the g o n i a t i t e zonal scheme i s an 
attempt t o b r i n g order t o the e a r l i e r somewhat a r b i t r a r y 
and l o c a l d i v i s i o n of the Carboniferous. Any attempt t o 
depart f u r t h e r than necessary from the syste m a t i c a l l y 
defined boundary i s t o be avoided since t h i s would be a 
p a r t i a l r e t u r n t o the o r i g i n a l a r b i t r a r y system. I n 
c e r t a i n areas l o c a l conditions have d i c t a t e d some depart­
ure from the scheme, f o r example, as i n the Clitheroe 
Memoir (Earp et a l ^ 1 9 6 l ) , f o r mapping purposes, but 
whether t h i s i s advisable i s debatable. 

Thus, i t can be seen from the above that i t i s ioore reasonable to 
place the boundary between the Lov̂ êr and Upper Carboniferous i n Northern 

- 31 -



England a t the Great Limestone base i n the absence of a mappable 
horizon a t the s p e c i f i c j u n c t i o n . 

On the basis of independent psilaeontological evidence, Currie 
(195^ ) lias shown t h a t i n the Midland Valley of Scotland the base of 
the Top Hosie Limestone l i e s at the base of the E zone. This i s 
confirmation of the p o s i t i o n of the Visean-Namurian boundary because 
i t has been "generally agreed" t h a t the Top Hosie i s the l a t e r a l 
equivalent of the Great Limestone ( T r o t t e r , 1 9 5 2 ) . 
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CHAPTER I I I 

THE GREAT LIMESTONE AND ITS LATERAL EQ.UIVALENTS 

GENERAL 

The Great Limestone i s known throughout Northern Englsind but has been 
given d i f f e r e n t names i n the various areas which i t i s found. Equivalent 
s t r a t a i n the Midland Vsilley of Scotland a l s o go under a v a r i e t y of names 
as a r e s u l t of the widely separated outcrops. The d i f f e r e n t names arose 
before geology became a systematized s c i e n c e but subsequently c o r r e l a t i o n s 
have been achieved by d i r e c t mapping and by u t i l i z i n g the palaeontology. 
The c o r r e l a t i o n s so e s t a b l i s h e d are shown i n Table IV. 

The Great i s the t h i c k e s t limestone of the Yoredale f a c i e s and i t 
a l s o r e t a i n s a reasonably p e r s i s t e n t l i t h o l o g y and fauna. Usually, i f 
not masked by boulder c l a y or peat, the limestone supports a short sweet 
green grass which i n many cases i s c l e a r l y d i s t i n g u i s h a b l e from that 
supported by other rocks and, therefore, a i d s i n mapping. Because of i t s 
t h i c k n e s s the limestone frequently forms a prominent feature, i t s top i s 
almost i n v a r i a b l y marked by l a r g e shake holes and outcrops are not uncommon. 
Consequently i t can be mapped a c c u r a t e l y and the base of i t forms an 
e x c e l l e n t datum l i n e . I t might be emphasized here that care has to be 
e x e r c i s e d i n the use of feature-mapping f o r d e l i m i t i n g the limestone 
base, s i n c e i t has been foiind that i n a few places the apparent feature 
may suddenly t r a n s g r e s s the f u l l t hickness of the limestone; t h i s u s u a l l y 
appears to be due to boulder-clay or peat masking the true featur e . I n 
gener a l , however, the limestone forms a steep scarp with the base of the 
slope at or near the base of the limestone ( F i g . 8 ) . The use of the lime­
stone base as a datum l i n e f o r e l u c i d a t i n g the s t r u c t u r e of the North­
umbrian F a u l t - B l o c k i s w e l l known (Dunham, 1948 and 1 9 5 9 ) . 

The limestone i s important economically as the r i c h e s t s i n g l e ore-
bearing horizon of the Northern Pennine O r e f i e l d , i t s thickness, hardness 
and l i t h o l o g y having had a d i r e c t e f f e c t upon the m i n e r a l i z a t i o n i t 
contains, s i n c e approximately 30 per cent of the worked vein oreshoots 
and 70 per cent of the f l a t oreshoots on the Alston Block occur i n i t 
(Dunham, 1 9 4 8 ) . F u r t h e r d e t a i l s of the m i n e r a l i z a t i o n are to be found 
i n Dunham (op. c i t . ) . At a number of l o c a l i t i e s the limestone has been 
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Table IV 

C o r r e l a t i o n of the Great Limestone equivalents 
i n Northern England and Scotland. 

Area 
Midland V a l l e y of Scotland. 
Dunbar. 
North Northiunberland. 
Central Northumberland. 
South Northumberland. 
Canonbie D i s t r i c t . 
A l s t o n Block. 
Cotherstone Syncline. 
Askrigg Block. 
Craven Lowlands. 
Kirkby Lonsdale. 
Vale of Eden. 
North of Lake D i s t r i c t . 
West of Lake D i s t r i c t . 
North o f I s l e of Man. 

JTames of Limestone 
Top Hosie, Calderwood Cement. 
Beirness East. 
Dryburn, Ebbs Snook, No. 1, Great. 
Great, Ten Yard. 
Great. 
Ca t s b i t . 
Great. 
Great ( i n n o r t h ) , Madn ( i n south). 
Main, Coverhead, Twelve Fathom, Upper Scar. 
SCEile Haw. 
Main. 
Great S t r i c k l a n d , Kings Meaburn, Main, Great, 
Great, F i r s t . 
F i r s t , Brigham, B i g r i g g , Langhorn, Top. 
F i r s t , Great. 



extensively quarried f o r ironworks f l u x , road-stone and lime-burning, 
but i n recent years i t s use, except as a source of lime, has declined 
considerably. 

A t w o - f o l d l i t h o l o g i c a l d i v i s i o n , w i t h massive wavy-bedded li m e ­
stone below, and limestone-with-shale above, can be recognized widely 
i n the Great Limestone and i t s equivalents. Three p e r s i s t e n t bios-
tromes have been recognized w i t h i n the massive limestone, the Chaetetes 
Band near the base, the Brunton Band below the middle, and the F r o s t e r l e y 
[Marble] Band above the middle. 

SUMMARIZED STRATIGRAPHY 

Thickness V a r i a t i o n 
The Great i s the t h i c k e s t of the Yoredale limestones but a consider­

able range i n thickness i s e x h i b i t e d over the whole area of i t s develop­
ment. 

The v a r i a t i o n i n thickness on the Alston Block i s i l l u s t r a t e d on 
Plate I I . I n t h i s region the average thickness l i e s between 60 and 65 

f e e t but i n the Stanhope neighbourhood the thickness does not f a l l below 
70 f e e t and a c t u a l l y reaches 82 f e e t at one p o i n t . At three other 
l o c a l i t i e s on the Block a thickness of 70 feet i s exceeded w h i l s t at one 
a minimum thickness of 40 f e e t has been recorded. There i s a regional 
t h i n n i n g of the limestone towards the northern and north-western 
e x t r e m i t i e s of the Block bordering the Northumbrian Trough; i n t h i s 
d i r e c t i o n i t appears t h a t the upper par t of the limestone passes i n t o 
shale thus reducing i t s thickness t o between 40 and 50 f e e t and possibly 
l e s s i n places. Another cause of t h i n n i n g i s erosion at the base of a 
washout-channel i n the o v e r l y i n g Coal S i l l s Group, the limestone having 
been reduced i n thickness to a minimum of 27 f e e t along a s t r i p which 
can be traced from St. John's Chapel southward t o Barras. S t i l l another 
cause of t h i n n i n g i s a process of m i n e r a l i z a t i o n and weathering known as 
"famping", which has caused the limestone to be a l t e r e d to an ochreous 
clay (feunp) a t a number of l o c a l i t i e s on the Alston Block. This famping 
involv e s a considerable reduction i n thickness of the limestone down to 
a minimum thickness of 13 f e e t . 

I n the Cotherstone Syncline the limestone shows r a p i d v a r i a t i o n 
between 40 and 85 f e e t t h i c k , the v a r i a t i o n s also being shown on Plate 
I I . A thickness of 102 f e e t may be a t t a i n e d at Lunehead Mine and IO8 
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f e e t of limestone has been recorded i n the River Belah to the west of 
the s y n c l i n e . 

The average thickness i n the northern part of the Askrigg Block 
i s s i m i l a r to t h a t f o r the Alston Block. However, i n the c e n t r a l 
region of the Block the average thickness i s over 80 f e e t w i t h a maximum 
of 130 f e e t being reached on Kisdon. I n the south-west and south-east 
e x t r e m i t i e s of the Block a r a p i d r e g i o n a l t h i n n i n g of the limestone has 
been noted, p a r t i c u l a r l y t o the south-east i n Coverdale where the lime­
stone t h i n s from 83 f e e t t h i c k to 5 or 10 feet t h i c k w i t h i n three miles 
i n a south-east d i r e c t i o n ; i n the south-west a thickness of 20 f e e t i s 
r a r e l y exceeded, the thickness f a l l i n g as low as 10 f e e t on Crag H i l l 
and 15 f e e t i n the Kirkby Lonsdale area to the west of the Block. There 
are also i n d i c a t i o n s of a southerly t h i n n i n g but the evidence f o r t h i s 
i s not absolute. The t h i n n i n g appears to be due to overlap against the 
u p l i f t e d ground known to have been developed i n l a t e times eilong the 
l i n e of the Middle Craven F a u l t . To the south of the u p l i f t e d ground the 
Scale Haw Limestone was l a i d down concurrently; t h i s limestone also t h i n s 
against the u p l i f t . The t h i n n i n g i s completely independent of the uncon­
formable transgression at the base of the Grassington G r i t as w e l l as the 
post u l a t e d erosion surface at the base of the L i t t l e Limestone. 

East of the exposed par t of the Northumbrian Fault-Block the lime­
stone shows no abrupt t h i n n i n g but v a r i a t i o n s i n thickness s t i l l occur. 

The t h i n n i n g of the limestone passing i n t o the Northumbrism Trough 
has already been mentioned. I n the southern part of the Trough the 
average thickness i s around 'fO f e e t , the range i n thickness being 35 to 
50 f e e t . These conditions appear t o p e r s i s t as f a r north as the River 
Wansbeck which forms the approximate southern boundary of an area i n 
which the limestone expands i n thickness due to the replacement by a 
"Tumbler Bed" l i t h o l o g y ( a l t e r n a t i n g shales and limestone beds) of the 
lower p a r t of the t h i c k shale sequence which normally o v e r l i e s the lime­
stone. I n the centre of t h i s area, between the River Coquet and Howick, 
the limestone varies i n thickness between 70 and 89 f e e t w i t h an average 
of 85 f e e t . To the north and south of the l a t t e r area a s i m i l a r s i t u a t i o n 
e x i s t s but the t o t a l thickness of the limestone does not exceed k3 f e e t . 
I n the i s o l a t e d area north of Lowick the limestone i s between 25 and 30 

f e e t t h i c k . 
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I n the Canonbie d i s t r i c t , which i s s i t u a t e d towards the northern 
side of the Northumbrian Trough, the limestone has been proved i n two 
boreholes to be 77 f e e t 9 inches and 73 f e e t 9 inches t h i c k r e s p e c t i v e l y ; 
i t i s ^ i i e v e r w e l l exposed,(^however) 

Between P e n r i t h and Appleby, i n the Vale of Eden, the limestone 
normally v a r i e s between 35 f e e t and 70 f e e t t h i c k but a thickness of 120 

f e e t i s a t t a i n e d l o c a l l y ; however, the average l i e s nearer to 35 or 40 
f e e t t h i c k . At the north end of the Lake D i s t r i c t the average thickness 
i s of the order of 65 f e e t w h i l s t on the west side of the massif the 
average thickness f a l l s to 45 f e e t , w i t h a range between 27 and 67 f e e t . 

At the northern end of the I s l e of Man the limestone which i s prob­
ably equivalent to the Great v;as proved i n a borehole to be 43 f e e t t h i c k , 

L i t h o l o g y 
Over much of Northern England the limestone i s d i v i s i b l e i n t o two 

d i s t i n c t components, the lower of massive limestone and the upper an 
a l t e r n a t i n g series of shales and limestones known as the Tmnbler Beds, 
The r e l a t i v e proportions of the two components i s v a r i a b l e and sometimes 
Tumbler Beds may be completely absent. 

Massive Limestone,- The base of the limestone i s fr e q u e n t l y sharp 
but a t a number of l o c a l i t i e s there i s a gradation up from f o s s i l i f e r o u s 
calcareous sandstone. The basail few f e e t are generally dolomitized and 
brownish i n colour, but o v e r a l l the massive component i s blue-grey to 
pale grey i n colour and f i n e grained. However, i n north Northumberleuid 
the f u l l thickness i s o f t e n considerably dolomitized. The massive 
component was designated the Main Posts by T r o t t e r and Hollingworth (1932) 

1 

and i t i s u s u a l l y d i v i s i b l e i n t o a series of posts of variable thickness 
which are o f t e n separated from one another by c h a r a c t e r i s t i c wavy bedding 
plEines; i n d i v i d u a l posts appear to be p e r s i s t e n t over a considerable area. 
S t y l o l i t e s are very common and i r r e g u l a i r streaks of c r i n o i d a l bitxminous 
m a t e r i a l are f r e q u e n t l y seen. Chert nodules up to 1 f o o t long are present 
i n bands between 6 and 17 f e e t above the limestone base on the Alston Block 
and are scattered throughout the limestone on the Askrigg Block, I n the 
north-east p a r t of the Askrigg Block the s i l i c a content of the limestone 

1: I n d i v i d u a l l a y e r s w i t h i n the limestone separated by bedding 
planes. The term i s also used to describe beds of sandstone, 
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i s as high as 10 per cent whereas i t r a r e l y r i s e s above 1 to 2 per cent 
around Stanhope on the Alston Block. I n West Cumberland l e n t i c l e s of 
laminated or calcareous sandstone occur i n the body of the limestone. 

The t h i c k n e s s of the massive limestone v a r i e s considerably and on 
the A l s t o n Block ranges from 57 f e e t to 28 f e e t . To the south, on the 
Askrigg Block, the Tumbler Beds are poorly developed or absent and often 
there i s over 80 f e e t of massive limestone. I n the Northumbrian Trough 
the upper p a r t of the massive limestone of the Block i s replaced by 
Tumbler Beds and shsile and consequently i t i s thinner, varying from l 8 

to 37 f e e t t h i c k . However, i n the Canonbie d i s t r i c t p r a c t i c a l l y the whole 
of the limestone i s massive. At the northern end of the Lake D i s t r i c t 
there i s 25 f e e t of massive limestone w h i l s t i n West Cumberland the whole 
of the limestone i s massive. Some 25 f e e t of the limestone developed at 
the northern end of the I s l e of Man i s a l s o massive. 

Tumbler Beds.- T h i s component c o n s i s t s i n general of an a l t e r n a t i n g 
s e r i e s of limestones and s h a l e s , the two l i t h o l o g i e s comprising v a r i a b l e 
proportions a t d i f f e r e n t l o c a l i t i e s . Within the sequence, at limestone/ 
s h a l e i n t e r f a c e s , " c a u d a - g a l l i " are frequently present. 

The Tumbler Beds are prominently developed on the Alston Block where 
they a t t a i n a maximimi t h i c k n e s s of 3^ f e e t 6 inches; l o c a l l y they are 
completely absent and consequently the f u l l t h i c k n e s s of the limestone i s 
massive. On the Block there i s a l s o a r e g i o n a l southward decrease i n 
importance of the sh a l e members of the Tumbler Beds as compared with the 
limestones. I n the Cotherstone S y n c l i n e the Tumbler Beds are only l o c a l l y 
developed, the maximum t h i c k n e s s recorded being 16 f e e t . On the Askrigg 
Block they are r e a l l y only present i n the north-east part and even then 
are only poorly and l o c a l l y represented; however, a t h i c k shale developed 
l o c a l l y i n the upper p a r t of the limestone on the ea s t s i d e of Swarth 
F e l l probably represents the l i t h o l o g y . E a s t of the exposed part of the 
Northumbrian F a u l t - B l o c k boreholes have shown that there i s a v a r i a t i o n 
s i m i l a r to t h a t i n the exposed are a . The Tumbler Beds of the Alston Block 
are almost c e r t a i n l y replaced by high l y f o s s i l i f e r o u s shale passing north­
ward i n t o the Northmbrian Trough. Therefore, the Tumblers of the southern 
part of the l a t t e r area must be at a lower horizon i n the limestone. I n 
the southern p a r t of the Trough the beds vary between 20 and 30 f e e t t h i c k 
but proceeding northward as f a r as the R i v e r Coquet they t h i n to 16 feet 
t h i c k . North of the Coquet there i s an expansion of the Tumbler Beds due 
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to the development of limestone bsmds i n the shale above the normal lime­
stone top. Consequently a t h i c k n e s s varying between 0 and 66 f e e t i s 
a t t a i n e d , no Tumbler Beds being present i n one s e c t i o n . I n t h i s region 
of t h i c k development the s h a l e s and limestone of the Tumbler Beds tend 
to be sandy. F a r t h e r north at Beadnell the beds have thinned to 20 feet 
and i n the Lowick d i s t r i c t , i n the extreme northern part of the Trough, 
they are not w e l l developed at aJLl. Towards the northern side of the 
Trough i n the Canonbie d i s t r i c t there sire only a few calcareous mudstone 
bands i n the limestone, whereas at the northern end of the Lake D i s t r i c t 
there are kO f e e t of Tumbler Beds developed. No such l i t h o l o g y has been 
recorded to the west of the Lake D i s t r i c t but Tumbler Beds are probably 
present to the e a s t . At the northern end of the I s l e of Man there are 

l 8 f e e t of Tumbler Beds developed, however. 

Fauna 
Three d i s t i n c t biostromes have been recognized within the limestone, 

the Chaetetes Band at the base, the Brunton Band below the middle £ind the 
F r o s t e r l e y Band above the middle. Bioherms c o n s i s t i n g of c r i n o i d o s s i c l e s 
a l s o occur and there i s a reasonably p r o l i f i c fauna s c a t t e r e d throughout 
the limestone. 

The Chaetetes Band.- This band, which l i e s c l o s e to the base of the 
limestone, i s c h a r a c t e r i z e d by the tabulate c o r a l Chaetetes depressus 
(Fleming) but i t a l s o contains other c o r a l s , bryozoans, annelids and 

brachiopods. Sometimes Chaetetes i s absent and the band i s then u s u a l l y 
dominated by e i t h e r Diphyphyllum lateseptatum M'Coy or Lonsdaleia 
l a t i c l a v i a S. Smith. The band by no means forms a continuous horizon 
but i t may have been more extensive originsuLly s i n c e i t shows some signs 
of having been a f f e c t e d by current a c t i v i t y . I t a t t a i n s a msLximum t h i c k ­
ness of 4 f e e t 6 inches but can be as t h i n as 1 inch t h i c k where i t i s 
weakly developed. On the Northumbrian Fault-Block i t has a widespread 
d i s t r i b u t i o n even though i t i s represented by a modified l i t h o s t r o t i o n i d -
c l i s i o p h y l l i d fauna i n the southern part of the Askrigg Block. In the 
Northumbrian Trough i t i s known as f a r north as Beadnell and to the west 
i t has been recognized i n the Vale of Eden as w e l l as i n West Cumberland. 

The Brunton Band,- T h i s band d i f f e r s from the other two biostromes 
i n that i t i s composed of m i c r o f o s s i l s which 6u:e dominated by the algsil 
genus C a l c i f o l i u m bruntonense Johnson, the c h a r a c t e r i s t i c f o s s i l of the 
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band; i t a l s o contains abundant for a m i n i f e r a and other calcareous algae. 
Where the F r o s t e r l e y Band i s present t h i s band e s s e n t i a l l y occurs below 
i t and thus i t occupies a p o s i t i o n below the middle of the limestone. 
Because of i t s character i t i s d i f f i c u l t to deli m i t but i t appears to 
have a maximiun thi c k n e s s of at l e a s t 19 f e e t . I t i s probably a more 
r e l i a b l e and widespread horizon than the other two biostromes s i n c e i t 
has been proved i n most s e c t i o n s that i t has been searched for i n over 
the whole sirea between Morpeth i n the north and Coverdale i n the'south. 

The F r o s t e r l e y Band.- T h i s band l i e s near the middle of the lime­
stone and i s composed of a s e r i e s of bands dominated by e i t h e r Dibunophyllum 
bipartiturn (M'Coy) or Gigantoproduetus l a t i s s i m u s ( J . Sowerby). Giganto-
productus i s most common a t the base, Dibxmophyllum most common i n the 
middle, w h i l s t a more v a r i e d fauna i s evident i n the upper pa r t . One of 
the bands near the middle which i s almost e n t i r e l y composed of a t i g h t l y 
packed mass of Dibunophyllum bipartitum i s known and was formerly worked 
as the F r o s t e r l e y Marble; t h i s band i s only of r e s t r i c t e d extent i n Wear-
dale, however. The maximum th i c k n e s s a t t a i n e d by the biostrome i s 21 feet 
but i t i s frequently much thinner, mainly due to the upper members of i t 
dying out. L a t e r a l l y the biostrome i s completely absent and sometimes 
there appears to be an i n d i r e c t c o r r e l a t i o n between i t s absence and the 
marked t h i c k e n i n g of the Tumbler Beds and accompanying thinning of the 
massive limestone. The v a r i a b l e p o s i t i o n i n the limestone of t h i n rep-
resenta.tives of the band i s due to them being developed a t d i f f e r e n t 
horizons w i t h i n the r e s t r i c t e d range of the complete biostrome; often, 
however, the r e p r e s e n t a t i v e occurs i n the p o s i t i o n of the lower Glganto-
productus beds which do appear to be more p e r s i s t e n t them the r e s t of the 
biostrome. Some l e n s i n g of i n d i v i d u a l bands can be seen but i t i s not 
often apparent although undoubtedly i t does take place quite commonly. 
At o c c a s i o n a l l o c a l i t i e s s i m i l a r f a u nal bands to the above occur w e l l 
below the normal base of the biostrome. The band has a more r e s t r i c t e d 
d i s t r i b u t i o n than the other biostromes s i n c e i t appears to be v i r t u s i l l y 
confined to the Northumbrian F a u l t - B l o c k . I t i s best developed on the 
Als t o n Block, p a r t i c u l a r l y i n the qu a r r i e s around Stanhope, but even then 
i t i s not i n v a r i a b l y present and often i s only poorly represented. Only 
a poor r e p r e s e n t a t i v e occurs i n the eastern part of the Cotherstone 
S y n c l i n e and the north-west and north-east parts of the Askrigg Block. 
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However, i n the c e n t r a l part of the Askrigg Block prominent Giganto-
productid beds up to 20 f e e t t h i c k are developed and although they have 
a modified fauna when compared with the biostrome of the type area, they 
are probably equivalent to i t . The band weakens i n a no r t h e r l y d i r e c t i o n 
on the A l s t o n Block and i t i s not d e f i n i t e l y present a t a l l i n the North­
umbrian Trough. However, i t may be represented by a t h i n c l i s i o p h y l l i d 
band i n the Dryburn Limestone of the Loid.ck d i s t r i c t i n north Northumber-
land. Where developed, often the band has obviously been af f e c t e d by some 
current a c t i v i t y . Current a c t i v i t y i s not considered to have caused the 
f a i l u r e or poor development of the band over wide areas, however, but some 
l o c a l c oncentration of the fauna may be due to i t . The re g i o n a l d i s t r i ­
bution of the band i s probably an o r i g i n a l feature, perhaps r e l a t e d to 
environment, and cu r r e n t s were probably only of l o c a l s i g n i f i c a n c e . 

C r i n o i d banks.- The banks are confined to the south-west part of 
the A s k r i g g Block, south of Swaledale, where they generally occur below 
the Gigantoproductus beds i f the l a t t e r are present. E s s e n t i a l l y they are 
composed of columns of c r i n o i d o s s i c l e s up to 1 foot long. Around Hawes 
there appears to have been a continuous bed over an extensive area with 
an average t h i c k n e s s of 20 f e e t ; north and west of t h i s area d i s c r e t e 
r e e f s were developed up to 10 f e e t t h i c k . The r e s t r i c t i o n of these banks 
to the south-west part of the Askrigg Block may be of some environmental 
s i g n i f i c a n c e . 

General Fauna.- The most prominent member of the fauna s c a t t e r e d 
throughout the limestone i s L o n s d a l e i a l a t i c l a v i a , the s o - c a l l e d index 
f o s s i l of the Great Limestone. Many workers have c o l l e c t e d faunas from 
the limestone and t h e i r works are l i s t e d i n the d e t a i l e d s e c t i o n of t h i s 
chapter, 

DETAILED STRATIGRAPHY 

Thickness V a r i a t i o n 
O v e r a l l , the limestone i s the t h i c k e s t i n the Yoredales, but i t shows 

considerable v a r i a t i o n i n thi c k n e s s between the mâ dLmum of 130 f e e t r e c o r ­
ded on Kisdon (Rowell and Scanlon, 1957a) and the minimum of 3 to 10 f e e t 
found on the south-east s i d e of Coverdale (Wilson, 1957 and 196O), 

On the A l s t o n Block the limestone never a t t a i n s these extremes, 
the maximum t h i c k n e s s recorded being 82 f e e t i n Ashes Quarry, Stanhope. 

- 40 -



Even t h i s t h i c k n e s s i s a very l o c a l one due to the development of em 
e x t r a 6 f e e t l e n s of limestone i n the s h a l e s which o v e r l i e the normeQ. 
limestone top. Some 500 yards south-east i n the same quarry the t h i c k ­
ness has diminished to 6? f e e t and i n a s i m i l a r distance north-west a 
reduction to 78 f e e t has taken p l a c e . T h i s serves to i n d i c a t e how rapid 
the v s i r i a t i o n s i n thickness may be. P l a t e I I shows the o v e r a l l v a r i a t i o n 
i n t h i c k n e s s of the limestone on the Alston Block and i n adjacent eo-eas; 
i t i s based on approximately 260 separate points. 

Within a l a r g e a r e a centred upon Stanhope the limestone maintains 
a t h i c k n e s s of over 70 f e e t , reaching 82 f e e t , and has been e x t e n s i v e l y 
quarri e d f o r road-stone, lime-burning and s t e e l - f l u x . The thickness 
decreases i n a l l d i r e c t i o n s away from t h i s but at three separate l o c a l ­
i t i e s 70 f e e t i s a l s o exceeded. Except to the west of the South Tyne the 
limestone only decreases n a t u r a l l y below a thickness of 50 feet i n one 
s m a l l a r e a at the head of Westernhope Burn. Here, f e e t of limestone 
occurs w i t h i n a quarter of a mile of a more normal 70 f e e t . From north 
of S t . John's Chapel a s t r i p w i t h i n which the limestone i s c o n s i s t e n t l y 
below So f e e t t h i c k can be traced southward by way of Langdon Beck and 
B a r r a s . Within i t s confines the limestone has been considerably reduced 
i n t h i c k n e s s due to erosion by the major washout-channel which occurs i n 
the o v e r l y i n g Coal S i l l s Group (see Chapter I V ) . North of S t . John's 
Chapel very coarse sandstone can be seen to o v e r l i e limestone containing 
the Fsrcsterley Band and thus the channel has cut to indthin approximately 
kO f e e t of the limestone base. However, north of Langdon Beck i t i s con­
s i d e r e d that the channel base l i e s w i t h i n 27 f e e t of the limestone base, 
but famping of the limestone may have contributed to t h i s low f i g u r e (see 
below). T h i s erosion of the limestone has a l s o been noted on Mickle F e l l 
and i n Borrowdale Beck, east of Brough. Where the washout channel can be 
t r a c e d northwards by sub-surface data i t does not appear to have cut i n t o 
the limestone. I n Sunny Brov/ Mine Quarry, north-west of S t , John's Chapel, 
the j u n c t i o n between coarse sandstone and limestone i s i r r e g u l a r . 

A f u r t h e r f a c t o r has a l s o r e s u l t e d i n the limestone being very 
considerably reduced i n t h i c k n e s s . To the south of Burnhope Seat, i n the 
headwaters of Harwood Beck, the f u l l 60 f e e t of limestone i s , i n places, 
represented by only a few f e e t of unctuous ochreous c l a y which may 
contain remnants of l i m o n i t i a e d and p a r t l y a l t e r e d limestone. T h i s 
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phenomenon has been noted f o r a considerable distance along the outcrop 
a t t h i s l o c a l i t y and i t has a l s o been recognized elsewhere as f o l l o w s : -

(a) S i l v e r b a n d Mine and Dun F e l l Hush on Great Dun F e l l . 
(b) Horse Edge, two mi l e s west-south-west of Alston. 
( c ) The Pike Law hushes. 
(d) Probably the Old Langdon hushes. 

The e f f e c t i s known l o c a l l y as "fsunping" and the c l a y produced i s c a l l e d 
famp. I t would appear to be due to limestone which had been p a r t i a l l y 
converted to a n k e r i t i c or s i d e r i t i c ironstone during m i n e r a l i z a t i o n being 
subjected to oxidation and l e a c h i n g under the i n f l u e n c e of humic a c i d s 
from the peat, with em accompanying reduction i n t h i c k n e s s . I n some 
p l a c e s i t i s not c e r t a i n that the phase of primary m i n e r a l i z a t i o n has 
preceded the l e a c h i n g , Clough (1903) noted that the limestone was not as 
much famped f u r t h e r i n from the outcrop, and the e f f e c t i s confined to the 
zone of o x i d a t i o n . The d i r e c t r e s u l t s are that the limestone i s much 
reduced i n t h i c k n e s s , the f e a t u r e s disappear and small f a u l t s are i n i t i ­
ated i n the o v e r l y i n g beds. The minimum thickness of famp seen r e p r e s ­
e n t i n g the limestone i s 13 f e e t . 

On the b a s i s of the present evidence i t would appesir that the lime­
stone's average t h i c k n e s s i s of the order of 60 to 65 f e e t for the greater 
p a r t of the Alston Block, West of the R i v e r South Tyne the thickness f a l l s 
below 50 f e e t , or even 40 f e e t i n p l a c e s , a t h i c k n e s s more i n l i n e with 
t h a t f o r the limestone i n the Northumbrian Trough, 

Reading (195'<- and 1957) and Wells (1955a and 1957) have shown that 
r a p i d v a r i a t i o n i n t h i c k n e s s between 85 f e e t and l e s s than 40 f e e t takes 
place i n the Cotherstone S y n c l i n e , the v a r i a t i o n s being shown on. P l a t e I I . 
According to the London Lead Company's mine s e c t i o n , the limestone l o c a l l y 
reaches a t h i c k n e s s of 102 f e e t i n Lunehead Mine (Dunham, 1948, p.26) . 

However, a recent extensive boring programme at t h i s l o c a l i t y has not 
r e v e a l e d such a t h i c k n e s s , the t h i c k n e s s recorded being 72 f e e t 6 inches. 
A t h i c k n e s s of 102 f e e t may be a t t a i n e d l o c a l l y but i t may a l s o be that 
the t h i c k n e s s i s i n a c c u r a t e and due to f a u l t i n g repeating some of the 
limestone i n a composite s e c t i o n . The l a t t e r suggestion seems p o s s i b l e 
e s p e c i a l l y when i t i s r e a l i s e d that the 102 f e e t was recorded along 
Hunter's Vein which has a throw of 30 feet (72 + 30 = 102 f e e t ) . West 
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of the s y n c l i n e i n the area to the south-east of Brough Dr. A. J . 
Howell (personal communication) has recorded 108 f e e t of Main Lime­
stone i n the R i v e r Belah and 90 f e e t i n Mousegill Beck. 

The Main Limestone has an average t h i c k n e s s of over 80 f e e t i n the 
c e n t r a l part of the Askrigg Block, south of the Swale (Moore, 1955 and 
1958; Wilson, 1957 and 196O), whereas i t s average t h i c k n e s s i n the north­
ern p a r t of the Block i s c l o s e l y comparable with that f o r the Alston 
Block (Wells, 1955a and 1957; Dakyns et aL, 1891) . I n the c e n t r a l region 
a maximiim t h i c k n e s s of I30 f e e t has been recorded on Kisdon (Rowell and 
Scanlon, 1957a) and t h i c k n e s s e s i n excess of 100 f e e t have been found at 
s e v e r a l other l o c a i l i t i e s (Moore, op. c i t . ) . . However, on south-west Swarth 
F e l l , Baugh F e l l , R i s e H i l l , Crag H i l l and the north end of Whernside, i n 
the south-west part of the Block, the limestone r a r e l y a t t a i n s a thickness 
of over 20 f e e t and i s as t h i n as 10 f e e t on Crag H i l l (Dakyns et al., 189O; 

M i l l e r and Turner, 1951; Hicks, 1958) . The Main Limestone i n the Kirkby 
Lonsdale area, j u s t to the west of the Block, i s 15 f e e t t h i c k (Hicks, 
op. c i t . ) . Wilson (op. c i t . ) has shown how i n the south-east -part of the 
Block i n Coverdale, the limestone t h i n s from 83 f e e t to between 5 and 10 

f e e t w i t h i n three miles i n a south-east d i r e c t i o n . T h i s thinning of the 
limestone i s completely independent of the unconformable t r a n s g r e s s i o n at 
the base of the Grassington G r i t , though the l a t t e r does eventually cut 
out the limestone completely south-east of a l i n e which runs i n ain approx­
imate south-west to north-east d i r e c t i o n from south of Fountains F e l l , one 
mi l e north of K e t t l e w e l l , north of Great Whernside along the south-east 
s i d e of Coverdale to south of Woodale and thence east-west across Masham 
Moor (Wilson, I96O, F i g . 7, p.303) . The thinning a l s o appears to be 
completely independent of the erosion surface postulated to occur at the 
base of the L i t t l e Limestone (Wells, 1955a and 1955b) s i n c e a thin develop­
ment of chert and sh a l e i n t e r v e n e s between the Main and L i t t l e Limestones 
a t l o c a l i t i e s where the Main i s very t h i n . Furthermore, Wilson (op. c i t . ) 
has shown tha t on the north f l a n k of P e n h i l l there i s evidence for an 
e a s t e r l y t h i n n i n g of the posts of the Main Limestone independent of any 
supposed t r a n s g r e s s i o n a t the base of the L i t t l e Limestone. These f a c t s 
would appear to support the suggestion of Rowell and Scanlon (1957b) that 
the Main Limestone t h i n s out against the north side of the u p l i f t e d ground 
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developed i n l a t e times along the l i n e of the Middle Craven F a u l t 
(Hudson, 1933). To the south of the u p l i f t e d area the S c a l e Haw Lime­
stone, t e n t a t i v e l y c o r r e l a t e d by Black (1950) vdth the Main, was l a i d 
dovm and i t has a l s o been noted to t h i n against the u p l i f t . F a r t h e r 
west the 55 f e e t of Main Limestone recorded on Ingleborough does not 
alt o g e t h e r lend support to the above postulate s i n c e Ingleborough i s 
s i t u a t e d much c l o s e r to the Craven F a u l t s than the region where t h i n n ­
i n g takes place i n Coverdale, The thi c k n e s s of the limestone on I n g l e ­
borough i s , however, considerably l e s s than that recorded for the area 
only a sh o r t distance to the north and i t does seem possible that there 
i s a s i g n i f i c a n t r e g i o n a l t h i n n i n g southward. The very reduced tli i c k n e s s 
of the limestone i n the Crag H i l l area, emd the Kirkby Lonsdale region 
could p o s s i b l y be taken as support f o r a re g i o n a l thinning towards up­
l i f t e d ground developed along the l i n e of Middle Craven F a u l t , 

E a s t of the exposed p a r t of the Northumbrian Fa u l t - B l o c k the lime­
stone has been penetrated i n a number of deep boreholes which are l i s t e d 
below:-

Borehole Thickness of limestone ( f e e t ) 
Chopgate, Cleveland H i l l s 68 

ELstob 44 

Winston 35j 

Roddymoor 6I 

Chopwell Woods, Liitisford 70^ 

Harton 68 

The above t h i c k n e s s e s cannot be incorporated a c c u r a t e l y i n an isopachyte 
map but they serve to i l l u s t r a t e that there i s no abrupt thinning of the 
limestone i n an e a s t e r l y d i r e c t i o n ; v a r i a t i o n s i n thickness s t i l l occur, 
however. 

As a l r e a d y mentioned, the limestone i s as t h i n as 40 fee t i n the 
north-west part of the Alston Block ( T r o t t e r and Hollingivorth, 1932) and 
may be even thinner i n p l a c e s (Short, 195^)• A s i m i l a r thinning takes 
p l a c e i n a n o r t h e r l y d i r e c t i o n passing i n t o the Northumbrian Trough, I n 
the Brampton d i s t r i c t T r o t t e r and Hollingworth (op. c i t . ) i n f e r a t h i c k ­
ness v a r y i n g between 40 and 50 f e e t but 40 f e e t appears to be a normal 
t h i c k n e s s f o r the limestone i n the southern part of the Trough. A 
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minimum of 35 f e e t has been recorded near Thorntree Shaft, F a l l o w f i e l d 
Mine, and a maximum of 50 f e e t was penetrated i n the Brokenheugh boring, 
near Haydon Bridge. Rapid t h i c k n e s s v a r i a t i o n i s again i n evidence 
because i n F a l l o w f i e l d Mine a thic k n e s s of ^5 f e e t has been recorded 
w i t h i n h a l f a mile of the 35 f e e t of limestone. I t would appear that 
c o n d i t i o n s s i m i l a r to the above are mainteiined northward to the R i v e r 
Coquet which forms the approximate southern boundary of an area i n which 
the limestone expands i n t h i c k n e s s due to the replacement by a Tumbler 
Bed l i t h o l o g y of the lower p a r t of the t h i c k s hale sequence which normcGLly 
o v e r l i e s the limestone i n t h i s region. A s e r i e s of boreholes and occasional 
exposures between the R i v e r Coquet and Howick show that a basal l8 to 37 

f e e t of massive limestone, with an average thickness of 32 f e e t , i s u s u a l l y 
o v e r l a i n by s h a l e containing t h i n limestone bands. By analogy with the 
sequence of the Alston Block these beds are Tumbler Beds and should be 
incl u d e d as part of the Great Limestone, even though they are separated 
from the massive limestone a t the base by shale which v a r i e s from 25 to 
^5 f e e t t h i c k . Therefore, i n t h i s region the Great has a thickness 
VEirying between 70 and 89 f e e t with an average of 85 f e e t , as suggested 
by W e s t o l l e t a l . (1955)* Three m i l e s north of Howick, between Embleton 
Bay and Beadnell, a comparable s i t u a t i o n to the above i s silso present 
where 27 f e e t of massive limestone i s o v e r l a i n by shale with t h i n l i me­
stone bands g i v i n g a t o t a l t h i c k n e s s of ^8 f e e t to the Great Limestone; 
no t h i c k s h a l e i n t e r v e n e s between the massive limestone and true Tumbler 
Beds here, however. Throughout the whole of t h i s region, north of the 
Coquet, and even f a r t h e r south, the O f f i c e r s of the Geological Survey only 
mapped the baseil massive limestone as the Great and o c c a s i o n a l l y the thin 
limestones of the Tumbler Beds were mapped as separate u n i t s (New S e r i e s 
1" Sheet 9, Rothbury, 193^; New S e r i e s 1" Sheet 6, Alnwick, 1930). 

Perhaps the reason f o r t h i s apparent anomaly l i e s i n the d i f f i c u l t y of 
a c c u r a t e l y d e l i m i t i n g the Tumbler Beds where they are separated from the 
massive limestone at the base by a t h i c k s h a l e , s i n c e Carruthers et a l . 
(1930) were obviously w e l l aware of the s i t u a t i o n and recorded the shale 
w i t h t h i n limestones as Tumbler Beds i n t h e i r v e r t i c a l s e c t i o n s . I n the 
i s o l a t e d a r e a north of Lowick the Dryburn Limestone has a thickness of 
between 25 and 30 f e e t . 

A limestone, 77 f e e t 9 inches t h i c k , which was encoimtered i n the 
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C a t s b i t borehole of the i s o l a t e d Canonbie d i s t r i c t (Peach and Horne, 
1903; B a r r e t t and Richey, 19^5) i s probably the r e p r e s e n t a t i v e of the 
Great Limestone. The above authors did not make t h i s c o r r e l a t i o n , but 
Lumsden and Wilson ( 1 9 6 I ) consider that the same limestone penetrated 
i n the Archerbeck borehole ( d r i l l e d f o r the Geological Survey i n 195''- to 
1955) i s equivalent to the Great of the Brampton D i s t r i c t and the Top 
Hosie of the Midland V a l l e y . The limestone i n the borehole was 73 f e e t 
9 i n c h e s t h i c k and has been named the C a t s b i t Limestone because i t was 
f i r s t recorded i n the borehole of that name. No d e f i n i t e palaeontologicsil 
evidence e x i s t s f o r the above c o r r e l a t i o n but Cummings ( I961 ) concluded 
tha t the forsiminif era i n the upper part of the C a t s b i t Limestone and over­
l y i n g beds are t y p i c a l of those fomid i n beds of E^ age i n Northern Eng­
l a n d . A l s o the beds between the C a t s b i t Limestone and the ov e r l y i n g Blae 
Pot Limestone have a s t r i k i n g l i t h o l o g i c a l resemblance to those between 
the L i t t l e and Great Limestones of the Brampton area as w i l l be shoiirn 
l a t e r . 

I n the Vale of Eden, between P e n r i t h and Appleby, Dakyns et al.(1897) 

r e c o r d a maximum t h i c k n e s s of 120 f e e t f o r the Great S t r i c k l a n d Limestone 
but s t a t e that normally i t v a r i e s from 70 feet to about 35 or 4o f e e t 
t h i c k , the l a t t e r being taken as i t s average t h i c k n e s s . M i l l e r and Turner 
(1931) confirm a tl i i c k n e s s of 120 f e e t i n the Shap d i s t r i c t , that i s to 
say, the ar e a north-west and west of Appleby. At the north end of the 
Lsike D i s t r i c t the limestone v a r i e s l i t t l e throughout the area having an 
average t h i c k n e s s of 65 f e e t (Summ. Prog. G.S.G.B., 1931), West of the 
Lake D i s t r i c t the th i c k n e s s of the F i r s t Limestone l i e s between 27 and 67 

f e e t with an average of 45 f e e t (Eastwood, 1930; Eastwood et a l ^ 1931), 

Smith (1927) has t e n t a t i v e l y suggested that a 25 feet limestone 
recorded i n a borehole at the northern end of the I s l e of Man i s the 
re p r e s e n t a t i v e of the F i r s t or Great Limestone. Some 2 to 3 f e e t of 
sha l e and limestone o c c u r r i n g 15 f e e t above, and separated from i t by 
f G s s i l i f e r o u s s h a l e , should probably be included as part of the lime­
stone, g i v i n g a t o t a l t h i c k n e s s of 43 f e e t , 

L i t h o l o g y 
Over a l a r g e part of the area under consideration the limestone i s 

conveniently d i v i s i b l e i n t o two d i s t i n c t components. The lower component 
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F i g . 8. Feature of the Great Limestone on High Hurth Edge, 
Teesdale. The a c t u a l feature i s marked F. 

F i g . 9* Posts and wavy bedding i n the massive part of the 
Great Limestone, Rogerley Quarry, Weardale. The 
massive component of the limestone i s o v e r l a i n by 
the Tumbler Beds. The approximate s c a l e i s 1 i n c h 
to 20 f e e t . 



c o n s i s t s of massive limestone which i s made up of a number of posts; 
above t h i s are the Tumbler Beds, an a l t e r n a t i n g s e r i e s of s h a l e s and 
limestones i n which the proportion of the two l i t h o l o g i e s i s very 
v a r i a b l e . The r e l a t i v e proportions of massive limestone euid Tumbler 
Beds i s v a r i a b l e and Tumbler Beds are completely absent i n some areas, 

L i t h o l o g i c a l l y the limestone i s more c l o s e l y comparable with lime­
stones of the Middle Limestone Group r a t h e r than those of the Upper 
Limestone Group of which i t forms the b a s a l member. Consequently, 
T r o t t e r (1952) regarded i t a s the upper-most member of h i s Yoredale 
Limestone f a c i e s , the o v e r l y i n g beds being included i n the Yoredale G r i t 
f a c i e s . 

Massive Limestone.- The base of the limestone i s frequently sharp 
and msiy be under l a i n by a co a l seam; f o r exeimple, a 2 f e e t seam was 
exposed beneath the limestone west of Harrowbank Quarry i n a temporary 
excavation which i s now i n f i l l e d . The 10 i n c h t h i c k cosil seam recorded 
by Smith (1912) as occu r r i n g i n the middle of the Main Limestone a t Cover 
S c a r s i n Coverdale, south of Middleham, on the Askrigg Block, i s i n r e a l ­
i t y a seam below the limestone. The confusion probably arose because the 
measures between the Main and Undersett Limestones are very t h i n (about 
11 f e e t ) a t Cover S c a r s , the Undersett being taken as a lower l e a f of the 
Main Limestone. At a nvimber of other l o c a l i t i e s limestone can be seen to 
grade up from a f o s s i l i f e r o u s calceireous sandstone. 

U s u a l l y the baseil few f e e t of the limestone are dolomitised and have 
a brown c o l o u r a t i o n . Wells (1957) considered that i n h i s area t h i s was 
due to the p e r c o l a t i o n of magnesium-rich ground waters, probably during 
the time when i t was o v e r l a i n by the Permian Magnesian Limestone; perco­
l a t i o n of such waters, not n e c e s s a r i l y from the Magnesian Limestone, would 
appear to be a s a t i s f a c t o r y explanation of t h i s l i t h o l o g y , although the 
p o s s i b i l i t y of i t being an o r i g i n a l d e p o s i t i o n a l feature cannot be ru l e d 
out. Above t h i s the limestone i s normally f i n e grained and blue-grey to 
pale grey i n colour, but i n north Northumberland the f u l l thickness i s 
often considerably dolomitised and i f f r e s h has a d i s t i n c t p i n k i s h tinge. 

The massive limestone, which was designated the Main Posts by T r o t t e r 
and Hollingworth (1932), has a c h a r a c t e r i s t i c undulating or wavy bedding 
which d i v i d e s i t i n t o a s e r i e s of posts ( F i g . 9 ) . These may be as t h i n 
as a few i n c h e s or may be a few fe e t t h i c k . Often they are separated 
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Table V 

Posts of the Great Limestone i n Nev/landside Quarry, Stemhope. 

Red Indisin k 1 0" 
P l a t e Bed 1 1 V. 
Very top post 1 . ẑ .i 
P l a t e Bed Tumbler Beds P l a t e Bed 1 6" 

Tumbler Beds 

Top Post 3 10" 
P l a t e Bed 1 2" 
Second Post 2' 2" 
T h i r d Post 1' 
Gray Post 3* 10" 
Second Gray Post 1' 2" 
Loggerhead k* 8" o c c a s i o n a l l y f o s s i l i f e r o u s 
Toby G i l e s 1" 6" o c c a s i o n a l l y f o s s i l i f e r o u s 
Crabby 6' 6" f o s s i l i f e r o u s 
Mucky Post 2« 2" f o s s i l i f e r o u s 
Pea Post 6" f o s s i l i f e r o u s 
E l s y 2' 2" F r o s t e r l e y Marble horizon 
Thin Cociae 7" - f o s s i l i f e r o u s 
T h i c k Cockle 2' 7" f o s s i l i f e r o u s 
Three Toms 2' 1" 
Black Bed 2' 8" 
F i v e Thin Posts 2' 8" 
Dun K i t 4' 0" 
Bastard 4' 2" 
Dun J i n 2' k" 

S t i f f D i ck 1 • 3" 
Wheiley 3' 6" 
Jack Post 6" 

Yard Post 2' 6" 

Newcastle 1' 9" Chaetetes Bsind 
Bottom Post 2* 0" 

F r o s t e r l e y 
Band 



from each other by t h i n s h a l e p a r t i n g s which may be p a r t i a l l y s t y l -
o l i t i c , s t y l o l i t e s being extremely common, although they are u s u a l l y 
best d i s p l a y e d i n borehole cores. I n the area around Stemhope the quarry-
men have given the i n d i v i d u a l posts separate names which are often highly 
d e s c r i p t i v e . The names vary to some extent l o c a l l y and Table V gives those 
for Newlandside Quarry. The i n d i v i d u a l posts are c e r t a i n l y remarkably 
p e r s i s t e n t l o c a l l y and can be traced throughout the Stanhope Quarries. 
However, Mr. R. A. F a i r b a i r n (personal communication), who has measured 
numerous d e t a i l e d s e c t i o n s i n V/eardale, the A l l e n d a l e s , Tynedale and around 
Als t o n , claims that i t i s p o s s i b l e to c o r r e l a t e the posts of these areas 
apart from Tynedale. The author's observations would lend support to the 
above i n so f a r as i t has been p o s s i b l e to recognize the combination of the 
lov/er four posts a t a l a r g e number of widespread l o c a l i t i e s i n Weardale and 
even i n A s h g i l l Beck, a t r i b u t a r y of Harwood Beck at the head of Teesdale. 
I t has a l s o been reported (Summ. Prog. G.S.G.B., 1925) that i n d i v i d u a l 
posts of the F i r s t (= Great) Limestone are p e r s i s t e n t for s e v e r a l miles 
around Broughton Craggs Quarry i n West Cumberland. 

Although the massive limestone i s e s s e n t i a l l y blue-grey to pale grey 
i n colour, i t does contain darker s t r e a k s of bituminous m a t e r i a l which 
are often c r i n o i d a l ; the l a t t e r are best observed i n borehole cores, how­
ever. The colour of the limestone appears to be due to f i n e l y divided 
carbonaceous matter s i n c e s o l u t i o n of the rock i n hydrochloric a c i d leaves 
a b l a c k i n e r t r e s i d u e . 

Over the major part of the Alston Block, e s p e c i a l l y i n Weardale and 
Teesdale, bands of chert nodules have been recognized between 6 and 17 

f e e t above the limestone base. The maximum number of bands at any one 
l o c a l i t y i s three and the maximum s i z e of the nodules i s 1 foot long by 
3 inches wide ( F i g . 10). They are made up of a ground mass of i n t i m a t e l y 
r e l a t e d c r y p t o c r y s t a l l i n e s i l i c a and c a l c i t e which contains small patches 
of chalcedony and 25 to 30 per cent of euhedral "porphyroblasts" of zoned 
dolomite which range from 0.05 to 0.15 m.m, i n s i z e . I t vjould appear 
that the nodules have a r i s e n due to the segregation of t h e i r components 
from the en c l o s i n g limestone. Chert nodules are a l s o s c a t t e r e d through­
out the limestone on the Askrigg Block (Wells, 1955a, and 1957; Hicks, 1958). 

Wells (op. c i t . ) has shovm that i n the north-east part of the Askrigg 
Block the main bulk of the limestone has a s i l i c a content as high as 10 

per cent even though the mineral i s r a r e l y seen i n t h i n s e c t i o n . I n the 
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Fip:. 10. C h e r t - d o l o i r d t e nodules i n t h e G r e a t Limestone, RcQerley 

Q u a r r y , ' . / e a r d a l e . 

West 
bOOft 

V Limestone 

Shale 

F i c . 1 1 . Diapramnatic r e D r e c e n t a t i o n of t i i e t h i n n i n ; - ' of zhe 
massive p a r t o f t h e Great Limestone i n South Jashpool 
C r a g s wuarry, B o l l i h o p e . 



worked a r e a around Stanhope the s i l i c a content r a r e l y r i s e s above 1 

to 2 per cent and Dun K i t post i s extremely pure. 
I n West Cumberland l e n t i c l e s of interbedded laminated or c a l c a r ­

eous sandstone up to 2 f e e t i n length appear i n the body of the lime­
stone (Eastwood et aL, 1931) i n the v i c i n i t y of Egremont. 

The t h i c k n e s s of the massive limestone v a r i e s considerably since 
i n the Stanhope region i t i s u s u a l l y around 55 f e e t t h i c k , but i n Harrow-
bank Quarry, north-east of Eastgate, where there i s an extremely t h i c k 
development of Tumbler Beds, a minimum of 28 f e e t i s reached. For the 
A l s t o n Block as a whole the t h i c k n e s s v a r i e s between 28 f e e t and 57 

f e e t . I n some areas, e s p e c i a l l y to the south, the Tumbler Beds are 
poorly developed or absent and consequently a greater thickness of 
massive limestone i s present; f o r example, on the Askrigg Block, 
e s p e c i a l l y south of the Swale, there i s over 80 feet of massive limestone. 
I n the Northumbrian Trough the massive limestone v a r i e s between l8 and 
37 f e e t i n t h i c k n e s s w h i l s t to the west i n the Canonbie D i s t r i c t , the 
f u l l 73 f e e t 9 inches of the limestone i n the Archerbeck borehole i s 
e s s e n t i a l l y massive. However, at the northern end of the Lake D i s t r i c t 
i t i s only 25 f e e t t h i c k . West of the Lake D i s t r i c t no Tiunbler Beds are 
developed apparently, so that the f u l l t h ickness of limestone i s massive. 

Tumbler Beds,- T h i s component i s made up of a s e r i e s of a l t e r n a t ­
i n g c a l c a r e o u s bituminous s h a l e s and dark muddy limestones. The name 
was derived i n the mining f i e l d probably because these beds were l i a b l e 
to c o l l a p s e i n t o the workings driven i n them. I n the q u a r r i e s around 
Stanhope the l i t h o l o g y i s known l o c a l l y by the quarrymen as "Famps". 

The Tumbler Beds are prominently developed on the Alston Block and 
are best seen i n the Stanhope q u a r r i e s ( F i g s . 12a and 13, l ) . Here, 
s h a l e and limestone are sometimes i n equal proportions but limestone 
u s u a l l y dominates. L a t e r a l passage of limestone i n t o shale and v i c e 
v e r s a often takes place but, despite t h i s marked v a r i a t i o n , the base of 
the Tumbler Beds i s madntsiined at a constant horizon. However, t h i s 
cannot be s a i d f o r the top s i n c e an e x t r a limestone, up to 6 f e e t t h i c k , 
occurs l o c a l l y i n the shale above the normal limestone top. I n the 
q u a r r i e s the t h i c k n e s s of the Tumbler Beds v a r i e s between 13 f e e t and 
32 f e e t w i t h i n a quarter of a mile, w h i l s t i n Harrowbank Quarry a 
maximum t h i c k n e s s of 34 f e e t 6 inches i s fo\md, but only very l o c a l l y , 
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F i g . 12. Comparative s e c t i o n s of the Great Limestone to i l l u s t r a t e 
the v a r i a b l e proportions of massive limestone and Tumbler 
Beds. The approximate s c a l e of each photograph i s 1 i n c h 
to 30 f e e t . 

( a ) West Pasture South Quarry, Stanhope Burn, 
Weardale. The limestone i s worked to i t s 
base. 

(b) Harrowbsink Quarry, Weardale. 7 f e e t of 
limestone l i e s below the quarry f l o o r . 



s i n c e i n the same quarry the Tumbler Beds t h i n considerably at the 
expense of the massive limestone. T h i s rapid t h i c k n e s s v a r i a t i o n of 
the Tumbler Beds i s not due to the development of e x t r a s h a l e s i n the 
underlying massive limestone, s i n c e i t can be shovm that the posts of 
the limestone t h i n i n the d i r e c t i o n of i n c r e a s e i n t h i c k n e s s of the 
Tumbler Beds, w h i l s t the components of the l a t t e r thicken correspond­
i n g l y . Apart from Harrowbank Quarry, t h i s feature i s a l s o w e l l exhibited 
i n Rogerley Quarry, between Stanhope and F r o s t e r l e y , where the Tumbler 
Beds th i c k e n from 15 f e e t to 28 f e e t i n l e s s than a quarter of a mile, 
w h i l s t the massive limestone below t h i n s from 55 f e e t to kS feet i n the 
same d i r e c t i o n . A s i m i l a r but more marked thinning of the massive lime­
stone posts can be seen two miles south-west of Stanhope i n South Wash-
pool Crags Quarry, Bollihope, but the o v e r l y i n g Tvimbler Beds are mainly 
obscured ( F i g . 1 1 ) . F i g . 12a shows a normal s e c t i o n of the Tumbler Beds 
w h i l s t F i g . 12b shows the expanded sequence of Haxrowbank Quarry. I n 
upper'Weardeile, euLthough the Tumbler Beds can be recognised, they are 
dominantly limestone and l o c a l l y s h a l e s may be completely absent. The 
l i t h o l o g y i s w e l l developed i n the Alston Moor region eind i t i s probably 
i n t h i s area that the name Tumbler -Beds arose; a number of the under­
ground records i n d i c a t e a t h i c k n e s s r a r e l y exceeding 15 f e e t f o r the 
Tumbler Beds. I n Teesdale, around Middleton, Jones (1956) recorded 
t h i c k n e s s e s of up to 30 f e e t of Tumbler Beds but i n these the maximum 
th i c k n e s s of the s h a l e s i s 1 foot and u s u a l l y 6 inches or l e s s , whereas 
i n the Stanhope region the s h a l e s are gene r a l l y over 1 foot t h i c k with a 
maximum of over 3 f e e t . The Tumbler Beds l i t h o l o g y i s poorly developed 
i n upper Teesdale as i n Weardale. 

Reading (195^ and 1957) showed that the Tumbler Beds are only l o c a l l y 
developed i n the Cotherstone S y n c l i n e where they att s i i n a maximvim t h i c k ­
ness of 16 f e e t . He considered them to be i n part the l a t e r a l equivalent 
of the massive limestone; the present work confirms t h i s and i n d i c a t e s 
t h a t they are v i r t u a l l y the complete l a t e r a l equivalent of the upper part 
of the limestone. 

On the Askrigg Block the Tumbler Beds are only found i n the north­
east p a r t (Wells, 1955a and 1957) and even then they are poorly and 
l o c a l l y developed. I n the south-west part of the Block, on the east 
s i d e of Swarth F e l l , Rowell and Scanlon (1957a) record a shale with a 
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maximum t h i c k n e s s of 19 f e e t s i t u a t e d 5 f e e t below the limestone top. 
I t may be that t h i s s h a l e completely r e p l a c e s the upper part of the 
limestone i n the Crag H i l l region and thus accounts f o r the marked 
thi n n i n g of i t already noted. T h i s may not be the f u l l explanation 
of the t h i n n i n g s i n c e the s h a l e i s known to die out to the south as 
w e l l as the north. However, the area where the limestone i s thin l i e s 
on the west s i d e of Swarth F e l l and to the south-west of that. 

E a s t of the exposed part of the Northumbriein F a u l t - B l o c k two 
s h a l e s were recorded i n the upper 30 f e e t of the limestone i n the 
Harton borehole, and the upper 7 f e e t i n the Winston and Mount P l e a s ­
ant boreholes were of Tumbler Bed l i t h o l o g y . 

I n the northern psirt of the Alston Block a s h a l e , sometimes with 
t h i n a r g i l l a c e o u s limestones and up to 20 f e e t t h i c k (the Black Bed, 
F i g . 13» 2 eind 3)» occurs i n the upper part of the limestone. I t seems 
h i g h l y probable that t h i s s h a l e eventually r e p l a c e s the upper part of 
the limestone completely and r e s u l t s i n the thinning which i s known to 
take p l a c e i n t o the Trough ( F i g . 13) • T h i s seems even more probable 
when the h i g h l y f o s s i l i f e r o u s nature of the shale with limy bands which 
i s sometimes found above the limestone i n the Trough i s compared with 
the r e l a t i v e l y barren s h a l e i n a s i m i l a r p o s i t i o n on the Block, The 
Tumbler Beds of the Trough must therefore be developed at a lower 
horizon i n the limestone i f the above suggestion i s c o r r e c t . T r o t t e r 
and Hollingworth (1932) have shovm that they vary i n thickness between 
20 and 30 f e e t i n the Brampton D i s t r i c t , They t h i n eastward to be 20 

f e e t t h i c k a t Brunton Bank Quarry ( F i g , 13, A-), north-east of Fallow-
f i e l d , At Greenleighton Quarry, to the north, they are 16 f e e t t h i c k 
and limestone i s dominant, whereas two m i l e s to the south of Greenleigh­
ton, i n D e l f Burn, 15 f e e t of f o s s i l i f e r o u s s hale occurs w i t h i n the 
Tumbler Beds (Fowler, 1936); two m i l e s north-east a s i m i l a r s i t u a t i o n 
i s present i n a quarry 300 yards south of R i t t o n White House where the 
Tumbler Bed limestone i s replaced by f o s s i l i f e r o u s sandstone. The 
development of the Tumbler Beds north of the R i v e r Coquet has already 
been mentioned. The a c t u a l a l t e r n a t i n g limestone-shale sequence i s 
separated from the massive limestone by a shale v/hich v a r i e s i n t h i c k ­
ness from 25 to ^5 f e e t ; t h i s shale i s included i n the Tumbler Beds 
which thus have a t h i c k n e s s v a r y i n g between 0 and 66 f e e t , no Tumbler 
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Beds being present i n one s e c t i o n . Both the s h a l e s ajid limestones of 
the sequence show a tendency to be sandy £ind appsirently the upper part 
i s l o c a l l y replaced by sandstone and sandy s h a l e . Between Embleton Bay 
and Beadnell the Tumbler Beds are 20 f e e t t h i c k . F a r t h e r north i n the 
Lowick area the l i t h o l o g y i s not s i g n i f i c a n t l y developed. 

I n the Canonbie d i s t r i c t on the north side of the Northumbrian Trough, 
bands of dark grey calcareous mudstone occur i n the C a t s b i t Limestone 
(Lumsden and VJilson, I96I) but t h e i r horizon i s not s p e c i f i e d . Thin 
limestone bands sire a l s o present for 20 f e e t 6 inches i n the o v e r l y i n g 
s h a l e which a l s o contains sandy bands and ironstone nodules and bands. 

At the northern end of the Lake D i s t r i c t the Survey (Summ. Prog. 
G.S.G.B.., 1931) record kO f e e t of the Great Limestone as Tumbler Beds. 
This l i t h o l o g y has not been recorded to the east or west of the Leike 
D i s t r i c t but I 8 f e e t of the limestone i d e n t i f i e d as the Great i n the 
borehole at the north end of the I s l e of Man may be c l a s s e d as Tumbler 
Beds although i t i s a predominsintly shaly sequence. 

I n the w e l l exposed area around Stanhope the presence of w e l l 
developed "cauda-g£illi" markings i n the Tumbler Beds i s obvious. The 
markings are common throughout rocks of Carboniferous age but t h e i r 
o r i g i n has eilways been prob l e m a t i c a l . I t has been suggested that they 
were formed by the remains of marine vegetation but t h e i r apparent l a c k 
of i n t e r n a l s t r u c t u r e does not support t h i s . S i m i l a r l y , neither i s there 
much evidence for ein organic o r i g i n for them. A sedimentary o r i g i n , 
perhaps emphasized by weathering, appears to be more i n keeping as an 
explanation of the present observations s i n c e the markings u s u a l l y occur 
i n the limestones at limestone-shale i n t e r f a c e s . 

Fauna 
The. most obvious components of the fauna are the biostromes which 

have already been mentioned. Two of these, the Chaetetes Band at the 
base and the F r o s t e r l e y Band i n the middle, are composed of macro-fossils 
w h i l s t the t h i r d , the Brunton Band, which occurs between the two, contains 
abundant remains of the new a l g a l genus, C a l c i f o l i i u n bruntonense Johnson. 
I n the southern part of the Askrigg Block prominent c r i n o i d banks which 
may be c l a s s e d as bioherms have been recognized (Moore, 1955 and 1958; Hicks, 
1958 and 1 9 5 9 ) . As w e l l as the above there i s quite an abundant fauna 
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s c a t t e r e d throughout the limestone. 

The Chaetetes Band.- The type l o c a l i t y of the band i s Brunton Bank 
Quarry, Northtunberland, and from here i t was o r i g i n a l l y described by 
Johnson (1958). I n t h i s quarry i t a t t a i n s a thickness of k f e e t 6 inches 
and i s at i t s maximum development. 

The band i s c h a r a c t e r i z e d by the tabulate c o r a l Chaetetes depressus 
(Fleming) which occurs i n approximately 1 i n c h t h i c k s l i g h t l y undulating 
sheets which are p i l e d one on top of the other. I n places a sheet may 
occur v;rapped around s o l i t a r y c o r a l s . Diphyphyllum lateseptatum M'Coy 
i s a l s o a common constituent of the band and i t occurs i n l e n t i c u l a r 
c o l o n i e s interbedded with Chaetetes. L o n s d a l e i a l a t i c l a v i a S. Smith 
i s a l s o common and sometimes i t appears that colonies of i t have been 
eroded; t h i s c o r a l i s not as abundant as the other two members of the 
fauna a l r e a d y mentioned but often i t occurs at the horizon of the band 
where both of the other members are absent. Syringopora geniculata 
( P h i l l i p s ) i s a l s o a s s o c i a t e d with Chaetetes at some l o c a l i t i e s . The 
above four c o r a l s are the dominant members of the fauna of t h i s b i o s -
trome but there are a l s o bryozoans, annelids, brachiopods, and other 
c o r a l s a s s o c i a t e d (Johnson, op. c i t . ) . 

I n Northumberland the band l i e s 3 f e e t above the base of the lime­
stone and i s o v e r l a i n by a r i c h l y f o s s i l i f e r o u s dark shale p a r t i n g . How­
ever, on the A l s t o n Block i t i s sometimes developed to wit h i n 6 inches 
of the limestone base and may even occur at the base i n Elmford Cleugh, 
one t h i r d of a mile east of Wearhead. On an average the band l i e s 1 

foot above the base of the limestone on the Block; no prominent shale 
i s developed above i t but the dolomitic matrix to the band noted by 
Johnson (op. c i t . ) i s almost i n v a r i a b l y present. 

The f a r t h e s t point north that the band i s known i s Beadnell where, 
i n the n a t u r a l break-water of Beadnell Harbour formed by the Great Lime­
stone, a band of L o n s d a l e i a and other compound c o r a l s was recorded 3 feet 
from the limestone base by Carruthers et a l . (1927). A s i m i l a r band i s to 
be found on Muckle Carr, o ff C r a s t e r , north of Howick. Johnson (op. c i t . ) 
a l s o records th a t the band i s known i n the Alnwick D i s t r i c t but then there 
i s a gap southwards to the Brunton Bank l o c a l i t y . Close to Brunton Bank 
Quarry Diphyphyllum has been recorded by the author from the base of the 
limestone i n a borehole a t F a l l o w f i e l d Mine. These are the only known 
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' i g . 14. The C h a e t e t e s Band, C h e s t e r ; a r t h Guarrv, Rookhope, ..eardale, 

Tip;. 15. An UD-turned G n a e t e t e s c o l o n y , South V/ashpool Crap-s 

Quarry, B o l l i h o p e . 



occurrences of the biostrome i n the Trough, but there s p a r s i t y i s 
probably due to poor exposure r a t h e r than non-development of the band. 

The band i s known a t 35 separate and widespread l o c a l i t i e s on the 
A l s t o n Block, 30 of these being new ones discovered by the author. I t 
i s seen where the limestone emerges from the bed of the Wear at F r o s t e r -
l e y i n the e a s t and to the west i t occurs on Great Dun F e l l underground 
i n S i l v e r b a n d Mine and south of Cross F e l l i n Crowdundle Beck. At 
s e v e r a l l o c a l i t i e s the b a s a l part of the limestone can be seen c l e a r l y 
but no r e p r e s e n t a t i v e of the band i s present. Occasionally there may be 
a concentration of c r i n o i d debris or s h e l l s a t t h i s horizon when the 
band i s absent; for example, a l e n s of b e a u t i f i i l l y preserved Eomarginifera 
ep. was found east of Harrowbank quarry. Near D i r t Pot, north of A l l e n -
heads, a maximvim t h i c k n e s s of k f e e t 4 inches i s a t t a i n e d but here the 
band i s very poor i n Chaetetes and contains over 3 f e e t of . u n f o s s i l i f e r ­
ous limestone. However, k f e e t of limestone, packed with Chaetetes and 
Diphyphyllum i s to be seen i n Elmford Cleugh and a l s o i n Ayle Burn Quarry, 
one mile east-north-east of Ayle. The band i s l i a b l e to die out or become 
much reduced l a t e r a l l y and t h i s i s w e l l exemplified i n the area around 
Rookhope. I n Chestergarth Quarry, which i s now a scheduled s i t e of 
s p e c i a l s c i e n t i f i c i n t e r e s t preserved by the Nature Conservancy, an 
e x c e l l e n t development of the Chaetetes Band with Diphyphyllum ( F i g . 1^) 

atted.ns a t h i c k n e s s of 3 f e e t . T h i s band i s represented by one wisp of 
Chaetetes, an i n c h t h i c k , i n the Rookhope Borehole which was d r i l l e d a 
l i t t l e over h a l f a mile to the north-west. On the Alston Block there i s 
some i n d i c a t i o n that current a c t i v i t y a f f e c t e d the band i n the presence 
of eroded L o n s d a l e i a c o l o n i e s ; a l s o the l e n t i c u l a r i t y may be due to 
c u r r e n t s d e s t r o y i n g a formation which was once more continuous. I n South 
Washpool Crags Quarry, Bollihope, an up-turned small colony of Chaetetes 
( F i g . 15) occurs 10 f e e t above the limestone base. Although i t s p o s i t i o n 
may have been due to current a c t i v i t y i t i s probably un-related to the 
main Chaetetes Band, however, s i n c e supposedly continuous posts of l i m e ­
stone occur between the two horizons. 

The biostrome has only been recorded i n the southern part of the 
Cotherstone S y n c l i n e , a poor r e p r e s e n t a t i v e being found i n the Barnard 
C a s t l e neighbourhood where the dolomitic matrix a l s o p e r s i s t s (Johnson, 
op. c i t . ) . I n the north-east part of the Askrigg Block Wells (1955a and 
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1957) discovered two l o c a l i t i e s of the band i n c l o s e proximity to each 
other i n W h i t c l i f f e S c a r approximately three miles west of Richmond; 
one of these contained Chaetetes and the other Lonsdaleia. Lonsdaileia 
was a l s o recorded from the limestone base on the north side of E e l H i l l , 
three m i l e s south-v/est of Barningham. On the west s i d e of the Askrigg 
Block, Turner (1962) has sho\m that the Chaetetes Band i s e x t e n s i v e l y 
developed i n the upper part of the Vale of Eden and a l s o i n upper Wensley-
dale, 23 l o c a l i t i e s being recorded i n E i l l . As on the Alston Block there 
are p l a c e s where the lowest part of the limestone i s c l e a r l y seen but i s 
u n f o s s i l i f e r o u s . A ssociated with the Chaetetes i n t h i s area are 
P a l a e o s m i l i a r e g i a ( P h i l l i p s ) and L o n s d a l e i a f l o r i f o r m i s . The band a l s o 
occurs on the Buttertubs, two m i l e s south-v/est of Thwaite, T h i s northern 
p a r t of the Askrigg Block i n which the Chaetetes Band i s fovmd f l a n k s sin 
a r e a to the south i n which Moore (1955 and 1958) has recognized a wide­
spread band with a dominant l i t h o s t r o t i o n i d and c l i s i o p h y l l i d fauna near 
the base of the limestone. T h i s i s c e r t s i i n l y the c o r a l band which Hudson 
(192^) recorded i n Wensleydale, Moore has shown that t h i s band i s best 
developed to the south of the R i v e r Ure where i t has an average thickness 
of 4 f e e t and a mabcimum th i c k n e s s of 5 f e e t . Northwards i t dies out bet­
ween Wensleydale and Swaledale, only being poorly represented on the south 
s i d e of the R i v e r Swale. The southern boundary has not been delimited 
but Hicks (1958) did not record i t i n the south-v/est psirt of the Block 
and Wilson (196O) remarks upon the paucity of f o s s i l s i n the limestone 
i n the south-east part of the Block, The band i s dominantly composed of 
Diphyphyllum fasciculatum (Fleming) but r o l l e d c l i s i o p h y l l i d s may a l s o be 
present and i n the north-west psirt of the area of occurrence the l a t t e r 
are the major c o n s t i t u e n t s of the band, Lo n s d a l e i a i s quite common w h i l s t 
C l i s i o p h y l l u m and Aulophyllum are alv;ays subsidisiry. I n the north­
western part of the a r e a mentioned above there i s v i r t u a l l y sm overlap 
with the true Chaetetes Band at the Buttertubs sind there seems no doubt 
that t h i s modified fauna r e p r e s e n t s the ssime b a s a l biostrome of the lime­
stone. The change i n fauna may be i n d i c a t i v e of some environmental 
v a r i a t i o n . 

To the west of the Block the Chaetetes Band has been found i n the 
Great S t r i c k l a n d Limestone at King's Meaburn, near Appleby (Johnson, 
1958) , and i t may be present i n the R i v e r L e i t h below W a t e r f a l l s Bridge, 
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north of Great S t r i c k l a n d , v/here M i l l e r and Turner (1931) recorded 
A l v e o l i t e s as being common. 

I n West Cumberland, west of Cockermouth, a band of Diphyphyllum 
c . f . g r a c i l e M'Coy was recorded as being of general occurrence ( E a s t ­
wood, 1930) i n a brown-weathering limestone about 3 f e e t above the 
limestone base; t h i s i s probably the r e p r e s e n t a t i v e of the Chaetetes 
Band i n West Cumberland. 

The Brunton Band.- The type l o c a l i t y f o r t h i s band i s at Brunton 
Bank Quarry from where i t was a l s o o r i g i n a l l y described by Johnson (1958) 

No o r i g i n a l work has been c a r r i e d out on i t by the author s i n c e i t i s 
not p o s s i b l e to recognize i t i n the f i e l d . 

I t i s c h a r a c t e r i s e d by the a l g a l genus C a l c i f o l i u m bruntonense 
Johnson and contains abundant f o r a m i n i f e r a and other calcareous algae. 
M a c r o - f o s s i l s are v i r t u a l l y absent but occ a s i o n a l brachiopods are some­
times a s s o c i a t e d . 

At i t s type l o c a l i t y i t l i e s I8 f e e t above the limestone base and 
i s . approximately 12 f e e t t h i c k . I n Middle Tongue Beck on Great Dun F e l l 
i t expands to 19 f e e t t h i c k . 

The bajid i n v a r i a b l y appears to occur d i r e c t l y below the F r o s t e r l e y 
Band where the l a t t e r i s present, silthough o c c a s i o n a l fragments of 
C a l c i f o l i u m have been found above. 

The biostrome has a widespread d i s t r i b u t i o n having been recognized 
as f a r north as the Morpeth d i s t r i c t and i n Coverdale to the south, with 
d i s c o v e r i e s over the whole a r e a i n between. Further information regard­
i n g t h i s biostrome may be found i n Johnson (op. c i t . ) . 

The F r o s t e r l e y Band.- The type l o c a l i t y of t h i s band i s Harehope 
Quarry, F r o s t e r l e y , where i t was formerly worked f o r the well-known 
ornamental stone named F r o s t e r l e y Marble, The quarry, owned by Mr, J . 
Emerson, i s now only worked for limestone which i s burnt to produce high 
q u a l i t y / l i m e . The Marble was f i r s t mentioned i n the l i t e r a t u r e by Winch 
(1817) and subsequently by Hind (1902). Dunham (19^8) i n f e r r e d that i t 
may be a widespread horizon and t h i s was substa n t i a t e d by Johnson (1958) 

who showed that the band as a whole was of quite widespread occurrence. 
The a c t u a l F r o s t e r l e y Marble component i s formed of a t i g h t l y packed 

mass of Dibunophyllum bipartitum (M'Coy) with s u b s i d i a r y Koninckophyllum, 
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F i g . l 6 a . The F r o s t e r l e y Marble Band, Harehope Quarry, We«rdale< 

F i g . l6b. Close-up of the above F r o s t e r l e y Marble Band. 



F i g , 17, Gigantoproductue bands i n the F r o s t e r l e y Band, Ashes E a s t 
Quarry, Weardale, 



Aulophyllum and Csminia ( F i g , 1 6 ) ; i t i s thus composed of simple rugose 
c o r a l s . However, the band which was g e n e r a l l y extracted for marble, the 
E l s y post, i s only one of a number of bands which as a whole form the 
biostrome. Gigantoproductus l a t i s s i m u s ( J . Sowerby) i s often a prominent 
c o n s t i t u e n t of these other bands and may occur intermixed with the simple 
rugose c o r a l s along with L o n s d a l e i a l a t i c l a v i a , Diphyphyllum lateseptatvm, 
the o c c a s i o n a l Gigantoproductus giganteus ( J . Sowerby) and numerous 
s m a l l e r brachiopods such as Melasma. Gigantoproductus a l s o forms bands 
i n which i t i s v i r t u a l l y the only constituent ( F i g . 1 7 ) . Chaetetes sp. 
has been found to be remarkably common upon close examination of the 
bands and i t occurs i n small c o l o n i e s some of which appesir to have been 
eroded. The s e c t i o n a t Harehope Quarry gives some i d e a of the composite 
nature of the band and i s as f o l l o w s : -

C r i n o i d a l limestone 
Limestone with Dibunophyllum and a Lonsdaleia colony 7" 

Limestone 1' 0" 

Limestone with o c c a s i o n a l Dibunophyllum 3" 

Limestone with L o n s d a l e i a c o l o n i e s (eroded and one 
?overturned), Gigantoproductus and occasi o n a l 
Dibunophyllum - not r i c h 2 ' 1" 

Limestone with Dibunophylliim, a Diphyphyllum colony, 
s m a l l L o n s d a l e i a c o l o n i e s and some Gigantoproductus 2 ' 2" 

Limestone with r a r e c o r a l s 2 ' 0" 

Limestone with Dibunophyllum 5" 

Limestone 1 ' 3" 

Limestone with abundant Dibunophyllum ( F r o s t e r l e y 
Marble) 1• 8" 

Limestone with occsisional c o r a l s and productids 1 • 0" 

Limestone with Dibunophyllum, Gigantoproductus 
and Diphyphyllum 1• 0" 
Limestone 5" 
Limestone with Dibunophylliim and Gi^antoproductus 
Limestone 3" 

Limestone with Gigantoproductus 2" 

Limestone with o c c a s i o n a l c o r a l s and brachiopods 1' 8" 

Limestone with Gi gant o pro due tus and Dibunophyllum k" 

C r i n o i d a l limestone 
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Elsewhere, the i n d i v i d u a l f o s s i l i f e r o u s bands may be separated by 
greater t h i c k n e s s e s of u n f o s s i l i f e r o u s limestone; a l s o , the bands may 
s p l i t and consequently t h i n , or j o i n together to form a s i n g l e t h i c k e r 
band. Three p o i n t s emerge from the s e c t i o n i n Harehope Quarry as 
f o l l o w s : -

( i ) Gigantoproductus i s most common at the base of 
the biostrome; t h i s e x p l a i n s the d e r i v a t i o n of the name 
of the Cockle posts which contain t h i s fauna (Table V ) , 
( i i ) Dibunophyllum i s dominant i n the centre and i t 
was from here that the F r o s t e r l e y Marble was extracted, 
E l s y post being the most important, 
( i i i ) A more v a r i e d fauna . i s developed i n the upper 
part but often simple rugose c o r a l s are dominant. This 
i s i n the Mucky and Crabby posts. The Pea post of New-
la n d s i d e i s only a l o c a l development and was probably so 
named because i t contains a colony of Diphyphyllum. 

The biostrome a t t a i n s i t s maximum development on the Alston Block 
and i s best developed i n the Weardale Quarries, p a r t i c u l a r l y those around 
Stanhope and F r o s t e r l e y , where the base of i t occurs between 25 and 33 

f e e t above the limestone base and i t s thickness v a r i e s from n i l to 21 

f e e t w i t h an average of 13 to 14 f e e t . The v a r i a b l e p o s i t i o n of the base 
i s probably mainly due to the v a r i a b l e thickness of the limestone since 
i t seems l i k e l y that the lower Gigantoproductus beds are of a p e r s i s t e n t 
horizon (the Cockle p o s t s ) and constantly developed except where the 
whole band i s absent. The v a r i a b l e thickness i s obviously due to the 
v a r i a b l e dying out of the upper components because where the biostrome 
i s very t h i n i t can u s u a l l y be recogniized as part of the Gigantoproductus 
beds and i t s p o s i t i o n i n the limestone bears t h i s out. Also there i s an 
obvious c o r r e l a t i o n between thickening of the ove r l y i n g Tumbler Beds and 
complete absence of the biostrome although the two have no d i r e c t contact 
(Table V ) . T h i s i s w e l l i l l u s t r a t e d i n Harrov/bank Quarry where the 
Tumbler Beds are e x c e s s i v e l y t h i c k and there i s no t r a c e of any f o s s i l 
bands. I n South Washpool Crags Quarry the fauna dies out as the lime­
stone posts t h i n ; a l s o , a s i m i l a r phenomenon i s seen i n Ashes Quarry, 
Stanhope. 

- 58 -



The F r o s t e r l e y Marble component i s not widely developed and i s only 
to be found e x t e n s i v e l y around Stanhope and F r o s t e r l e y i n Earehope, 
Broadwood and the Parson Byers Q u a r r i e s . Elsewhere, at other horizons, 
i n d i v i d u a l bsinds occur i n which there i s a concentration of simple 
rugose c o r a l s but the c o r a l s are never so abundant as i n the F r o s t e r l e y 
Marble and often there i s an admixture with the r e s t of the fauna. 

The biostrome i s euLso w e l l developed i n Weardale on the north side 
of the v s i l l e y as f a r west as Wearhead but nowhere i s i t as strong as i n 
the Stanhope-Frosterley region. However, the ba s a l Gigantoproductus beds 
are u s u a l l y apparent. A 2 f e e t t h i c k r i c h l y c o r a l l i n e band i n G r e e n f i e l d 
Quarry, north of Wearhead, completely d i e s out wi t h i n 6 f e e t along the 
quarry f a c e ; the bsmd i s probably the re p r e s e n t a t i v e of the F r o s t e r l e y 
Marble. T h i s l o c a l i t y i s the only one where such an abrupt thinning of 
a band i s seen, although the l e n s i n g out of i n d i v i d u a l bajids i s probably 
quite common but i t i s not u s u a l l y conspicuous. 

I n Teesdale the biostrome i s w e l l represented i n the area north of 
Middleton where Jones (1956) recognised that i t was made up of a number 
of i n d i v i d u s i l bsmds. I t i s not as stro n g l y developed as i n the Steuihope 
Q u a r r i e s , however. 

Over the remainder of the southern part of the Alston Block the 
biostrome can frequently be recognized, although i t i s often composed of 
a s i n g l e band no more than 2 f e e t t h i c k and sometimes only a few inc h e s . 
I t may a t t s i i n the average t h i c k n e s s reached i n the Stanhope Quarries but 
i t s components are then u s u a l l y only weakly developed. I t has been found 
to be completely absent at some l o c a l i t i e s . Where i t i s a s i n g l e bsmd 
the p o s i t i o n i n the limestone i s v a r i a b l e from locsuLity to l o c a l i t y , but 
i n a number of cases i t occurs i n the p o s i t i o n of the Gigeintoproductus . 
beds and contains the typicsuL fauna of these, often with G.giganteus. 
Elsewhere, the bsuid l i e s w i t h i n the range of p o s i t i o n that the biostrome 
occupies i n the Stanhope Q u a r r i e s . No doubt t h i s i s due to the bands 
being i n d i v i d u a l l e n s e s developed a t d i f f e r e n t horizons w i t h i n the 
r e s t r i c t e d range of the complete biostrome. The l e n t i c u l a r nature i s 
not apparent except i n G r e e n f i e l d Quarry and the i n d i v i d u a l l e n s e s must 
be of considerable extent. 

North of a l i n e a c r o s s the Alston Block, running east-west silong the 
water-shed between Weardale and the A l l e n d a l e s , the F r o s t e r l e y Band i s 
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weakly represented whereas south of the l i n e the band i s strongly 
developed i n the Rookhope neighbourhood and around Wearhead. Around 
Allenheads and i n the Swinhope boreholes (Dunham and Johnson, 1962) 

i t i s only poorly and s p o r a d i c a l l y represented. I n Thorn Green Quarry, 
one mile north-west of Allenheads, a band with Gigantoproducttis i s 
present. The band has not been recognised i n West A l l e n d a l e nor i n the 
v i c i n i t y of B l a g i l l , but a t h i n Gigantoproductus band i s present i n 
Ayle Burn Quarry where G.giganteus i s quite common. No trace of the 
band was reported by Short (195^) f o r the north-west part of the Block 
although T r o t t e r and Hollingworth (1932) record abundant Dibunophyllum 
from C r o g l i n Water. 

Below the base of the biostrome on the Alston Block, e s p e c i a l l y i n 
Weardeile, t h i n l e n s e s with a s i m i l a r fauna have been recognized as low 
as 10 f e e t above the limestone base, but they are u s u a l l y only a few 
in c h e s t h i c k and markedly l e n t i c u l a r . However, i n Teesdeile on West 
Binks Edge, one mile south-west of Pike Law, poor coral-brachiopod bands 
occur through 16 f e e t of s t r a t a , s t a r t i n g only 11 f e e t above the lime­
stone base. 

The biostrome occurs i n the north-east part of the Cotherstone 
S y n c l i n e but d i e s out west of Grassholme Reservoir (Reading, 195^ and 
1957) . W e l l s (1955 and 1957) has recorded i t i n the extreme north-east 
part of the Askrigg Block where i t occurs i n the R i v e r Greta, S l e i g h t -
holme Beck and E l l e r Beck. At none of these l o c a l i t i e s i s i t prominent 
but f u r t h e r south Moore (1955» 1958) has recorded h i s Gigantoproductid 
beds i n the c e n t r a l part of the Block a t a s i m i l a r p o s i t i o n i n the 
limestone. These beds are best developed north of Hawes where they 
a t t a i n a t h i c k n e s s of n e a r l y 20 f e e t . Usually the s e r i e s of beds i s 
composed of va r i o u s forms of Gigantoproductus with s u b s i d i a r y c o r a l s , 
the most important of which are Chaetetes radians ( F i s c h e r de Waldheim), 
L o n s d a l e i a sp,, Dibunophyllum bipartitum, Aulophyllum fungites (Fleming) 
and Syringopora sp. These forms are s i m i l a r to those i n the F r o s t e r l e y 
Band of the type l o c a l i t y and i n the northern part of the area considered 
by Moore, near Muker, c o r a l s become the dominant component of the fauna. 
I n a l l d i r e c t i o n s away from Hawes the band i s reduced i n th i c k n e s s . I t 
i s imknovm i n the south-east part of the Block and was not recorded on 
the west s i d e by e i t h e r Hicke (1958) or Rowell and Scanlon (1957a) . 
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However, what i s probably a t h i n r e p r e s e n t a t i v e has been found i n the 
upper Eden v a l l e y south of Kirkby Stephen (Johnson, I958) by Mr, J , S. 
Turner, 

The dying out of the biostrome i n a northerly d i r e c t i o n on the 
A l s t o n Block has already been noted and Johnson (1958) reports that i t 
has not been recognized north of the S t u b l i c k F a u l t s . However, s c a t t e r e d 
simple c o r a l s do occur a t approximately the c o r r e c t horizon i n the Brun­
ton Bank ar e a of the Northumbrian Trough and o c c a s i o n a l productids have 
been noted i n Greenleighton qusirry at a s i m i l a r horizon. I n the Lowick 
d i s t r i c t of north Northumberland, near Dryburn, Carruthers et al. ( 1 9 2 7 ) 

recorded a 1 foot band with c l i s i o p h y l l i d s which occurs 6 f e e t below the 
top of the 25 f e e t t h i c k Dryburn limestone; t h i s may be the representa­
t i v e of the F r o s t e r l e y Band. 

The F r o s t e r l e y Band has not been recorded i n any other regions but 
the above. Thus, i t i s v i r t u a l l y confined to the Northumbrian F a u l t -
Block and, t h e r e f o r e , i t has a more r e s t r i c t e d d i s t r i b u t i o n than the other 
two biostromes. 

Where i t i s represented the biostrome has undoubtedly been a f f e c t e d 
by some cu r r e n t a c t i v i t y s i n c e the simple c o r a l s are frequently devoid of 
t h e i r e p i t h e c a l w a l l s and have sometimes been fragmented, both of the 
l a t t e r being reasonable i n d i c e s of movement by c u r r e n t s . However, i n 
other cases the g ) i t h e c a l v/alls are completely i n t a c t i n a whole bsmd. 
Almost i n v a r i a b l y the c o r a l s occur i n a h o r i z o n t a l p o s i t i o n , but t h i s 
f e a t u r e could be explained s a t i s f a c t o r i l y by c o l l a p s e of the i n d i v i d u s i l s 
a f t e r death r a t h e r than by current a c t i o n . Some of the Lonsdaleia 
c o l o n i e s have been eroded and one i n Harehope quarry appears to be 
overturned ( F i g . I 8 ) . R e l a t i v e l y few of the productids are overturned, 
most of them o c c u r r i n g with t h e i r concave s i d e upwards i n the p o s i t i o n 
of growth ( F i g . 1 7 ) . However, at a number of l o c a l i t i e s , a loceil 
p r e f e r r e d o r i e n t a t i o n of the s h e l l s i s apparent; presumably t h i s o r i e n ­
t a t i o n i s due to current movements which were not strong enough to over­
turn the s h e l l s from t h e i r p o s i t i o n of growth i n t o a s o - c a l l e d s t a b l e 
p o s i t i o n , but were of s u f f i c i e n t strength to s h i f t i n d i v i d u a l s about i n 
a h o r i z o n t a l plane. F u r t h e r work upon the o r i e n t a t i o n may prove u s e f u l 
and allow an e l u c i d a t i o n of current d i r e c t i o n s , t h e i r p e r s i s t e n c e and 
s t r e n g t h . Thus, i t seems l i k e l y that there was some current a c t i v i t y 
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F i g . l 8 a . A Diphyphylluin colony with an over-turned L o n s d a l e i a 
colony above i t i n the upper part of the F r o s t e r l e y 
Band, Harehope Quarry, Weco'dale. 

F i g . l 8 b . Close-up of the above over-turned L o n s d a l e i a colony. 



but i n the author's opinion i t was only of l o c a l s i g n i f i c a n c e and not 
adequate to cause the f a i l u r e or poor development of the band over vd.de 
a r e a s . The r e g i o n a l d i s t r i b u t i o n of the concentrated coral-brachiopod 
fauna i s b e l i e v e d to be an o r i g i n a l f e a t u r e , probably r e l a t e d i n some 
way to other environmental c o n d i t i o n s . However, some concentration of 
the fauna may be due to current a c t i v i t y p i l i n g up the f o s s i l s l o c a l l y , 

C r i n o i d Banks.- I n the south-west part of the Askrigg Block, south 
of Wensleydale, c r i n o i d banks have been recognized by Moore (1955 and 
1958) and Hicks (1958 and 1959) i n t h e i r nearly adjacent areas. Where 
the Gigantoproductus beds are present the banks u s u a l l y occur below 
them but they are sometimes interbedded. When the productid beds are 
absent the banks may extend higher up i n the limestone, as, for example, 
at Greensett Craggs, Whernside, They are composed of a r t i c u l a t e d colvimns 
of c r i n o i d o s s i c l e s up to 1 foot i n length and contain v i r t u a l l y no 
supporting fauna. 

A l i t t l e to the north, but mainly to the south of Hawes there 
appears to have been a continuous bed over an extensive area, averaging 
20 f e e t t h i c k with a maximum of 28 f e e t 6 inches (Moore, op. c i t . ) . 
North and west of t h i s area, discrete, r e e f s were developed which are 
u s u a l l y about ten f e e t t h i c k . The limestone of Ingleborough i s high l y 
c r i n o i d a l and was probably formed as a f l a n k i n g deposit to one of the 
r e e f s . E x t e n s i v e r e e f s a r e not known north of Swaledale, etlthough Read­
i n g (195^) records 10 f e e t of very c r y s t a l l i n e limestone containing masses^ 
of c r i n o i d o s s i c l e s of all s i z e s near the top of the Madn Limestone on 
the south limb of the Cotherstone S y n c l i n e , west of A y g i l l Cottages. 
The limestone penetrated i n boreholes near Rowton S i k e , south of Lune-
head, i s a l s o very c r i n o i d a l . I n other areas the limestone contains much 
c r i n o i d d e b r i s but nothing comparable with the c r i n o i d bsinks i s developed. 

The banks are best described as bioherms s i n c e they are not of einy 
great l a t e r a l extent u s u a l l y and are generally of l e n s - l i k e fom. T h e i r 
r e s t r i c t i o n to the south-west part of the AskriggiBlock may be of some 
environmental s i g n i f i c a n c e . 

General Fauna.- D i s t r i b u t e d throughout the limestone there i s a 
f a i r l y p r o l i f i c fauna apart from that contained i n the biostromes. 
Faunal l i s t s f o r the limestone have been given by the following authors:-
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P h i l l i p s (1836) , Lebour (1875) , Dakyns et al. ( 1 8 9 1 ) , 

Hind ( 1902) , Hughes ( 1908) , Smith (191O), Garwood 
and Goodyear (192^) , Lee (192^) , Turner (1927) , 

T r o t t e r and Hollingworth (192? and 1932) , Eastwood 
(1930) , Eastwood et a l . ( l 9 3 1 ) , M i l l e r and Turner 
(1931) , H i l l ( 1938) , Dunham (19^8) , Reading (195^) , 

Short (195^) , Wells (1955a) , Jones (1956) , Rowell 
and Scanlon (1957a) , Johnson (1958 and 1959)., Moore 
( 1 9 5 8 ) , Wilson (1960) , Hicks ( 1958) , Ferguson ( I 9 6 1 ) . 

A prominent member of the fauna d i s t r i b u t e d throughout the massive 
limestone i s L o n s d a l e i a l a t i c l a v i a , the s o - c a l l e d index f o s s i l of the 
Great Limestone, I t occurs i n small colonies of up to 1 foot diameter 
which often appear to have been eroded to some extent. Dibunophyllim 
bipartitum and other simple rugose c o r a l s are a l s o common. Of the 
compound c o r a l s Syringopora i s the most common but Chaetetes i s a l s o 
present as w e l l as Diphyphyllum. L i t h o s t r o t i o n junceum has not been 
found i n the Great Limestone by the author or other recent workers 
although i t was reported by T r o t t e r (1952) as being present. Much 
c r i n o i d d e b r i s and fragmentary s h e l l m a t e r i a l occurs i n the limestone. 

The Tumbler Beds s h a l e s often contaiin a p r o l i f i c fauna which has 
been recorded by Ferguson (op. c i t . ) . Of p a r t i c u l a r i n t e r e s t i n t h i s 
are the problematic Palaeocoryne and r e l a t e d new genus Claviradix.. 
The f o s s i l s are often i n c l o s e a s s o c i a t i o n with the bryozoan F e n e s t e l l a , 
to which they bear some s i m i l a r i t y , but they are separate organisms 
whose exact a f f i n i t i e s are unknown. The author has c o l l e c t e d some of 
these f o s s i l s but the m a t e r i a l has been presented to Mr. Ferguson. 
Within the s h a l e s the mucronate t r i l o b i t e Weberides mucronatus (Martin) 
i s q u i t e commonly found. The Tumbler Bed limestones are l o c a l l y very 
f o s s i l i f e r o u s and contain numerous small and o c c a s i o n a l l y l a r g e r brach-
iopods. I n Middlehope Burn, north of Westgate, numerous Dibunophyllum 
occur i n limestone which i s i n t e r p o l a t e d as being close to the Great 
Limestone top and consequently w i t h i n the Tumbler Beds. Exposure i s 
very poor i n the area and i t i s impossible to determine the exact 
p o s i t i o n , however. A s i m i l a r occurrence of c o r a l s at the top of the 
limestone i n Eggleston Burn, Teesdale, was noted by Jones ( 1956) . I n 
the Stanhope q u a r r i e s Chaetetes has been found w i t h i n the Tumbler Beds 
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where i t forms bulges on the surface of the limestone posts; these 
p r o j e c t i n t o the o v e r l y i n g or underlying s h a l e s . 
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CHAPTER IV 

THE COAL SILLS GROUP AND ITS LATERAL EQUIVALENTS 

GENERAL 

The s t r a t a to be considered here are the e s s e n t i a l l y non-calcareous 
measures of the cyclothem which succeed the limestone and for the main 
part c o n s i s t of s h a l e s and sandstones with s u b s i d i a r y coals and t h i n 
marine bands. A l a r g e area where chert was formed a l s o e x i s t s i n the 
north-east part of the Askrigg Block, however. 

The a r e a of Northern England can be conveniently sub-divided f o r the 
purpose of d e s c r i b i n g these beds. T h i s does not i n f e r i n any way that 
there were sepairate areas of deposition during t h e i r formation, except 
the w e l l known d i v i s i o n between the F a u l t - B l o c k and the Bowland Trough. 
The f o l l o w i n g d i v i s i o n s of the area are proposed:-

The A l s t o n Block 
The Askrigg Block and Cotherstone (Stainmore) S y n c l i n e 
The Northumbrian Trough 
The Canonbie D i s t r i c t 
The E a s t and North rim of the Lake D i s t r i c t 
The West rim of the Lake D i s t r i c t 
The Kirkby -Lonsdale Area 
The I s l e of Man 
The Craven D i s t r i c t 
The Furness D i s t r i c t 

The A l s t o n Block w i l l be d e a l t with more f u l l y than the r e s t s i n c e 
t h i s i s the a r e a which the author has resurveyed i n d e t a i l . Information 
f o r the other regions has been mainly c o l l e c t e d from theses and published 
papers but some f i e l d observations have been made by the author a l s o . 

The value of the Great Limestone and i t s equivalents during the 
examination of t h i s group of beds cannot be over emphasized since the 
limestone forms an e x c e l l e n t datum l i n e f o r mapping purposes and, probably 
more important, i t s exact top can frequently be seen i n s e c t i o n s to be 
measured. The prominent topographic feature of the limestone has already 
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been mentioned. T h i s may be compared with the hap-hazard fe a t u r e s which 
are u s u a l l y formed i n the ground on the Fault-Block occupied by the beds 
to be considered here. There i s , however, an exception to t h i s general 
r u l e , because where the uppermost sandstone of the cyclothem (the White 
Hazle of the Alston Block) i s w e l l represented, i t combines with the 
o v e r l y i n g Upper L i t t l e Limestone to form a prominent combined f e a t u r e . 
The t h i c k sandstone of the Northumbrian Trough sequence a l s o forms 
prominent s c a r p s , 

THE ALSTON BLOCK 

In t r o d u c t i o n 
C o r r e l a t i o n of i n d i v i d u a l beds over an extensive area w i t h i n the 

Yoredale f a c i e s , apart from the prominent limestones, i s often d i f f i c u l t . 
At f i r s t s i g h t the Coal S i l l s Group s t r a t a of t h i s region appear to be no 
exception, but once the d e t a i l e d s t r a t i g r a p h y i s examined the sheet semd-
stones which comprise the Low and High Coal S i l l s appesir not to be so 
l e n t i c u l a r as might seem apparent. The High Coal S i l l coal a l s o appears 
to be a widespread horizon and has proved u s e f u l for c o r r e l a t i o n purposes; 
i t i s not u s u a l l y w e l l exposed but because of i t s u s e f u l n e s s i n c o r r e l a t i o n 
a l a r g e amount of digging has been done to l o c a t e i t . The other coals of 
the group are a l s o badly exposed and at many l o c a l i t i e s they have had to 
be excavated. The f o s s i l s found are u s e l e s s for c o r r e l a t i o n purposes i n 
such a s m a l l v e r t i c e i l range of s t r a t a s i n c e they u s u a l l y belong to f a c i e s 
faunas. Consequently, the l i t h o l o g i c a l v a r i a t i o n s i n a l a r g e number of 
v e r t i c a l s e c t i o n s have been employed as an a i d to c o r r e l a t i o n . Although 
dangers e x i s t i n using t h i s method i t i s the only means a v a i l a b l e . 

The t y p i c a l Cosil S i l l s Group succes s i o n i s found i n t h i s area, the 
type l o c a l i t y being i n Alston Moor. The o r i g i n a l succession set down by 
Westgarth F o r s t e r (1809) i s shown i n F i g . 3 w h i l s t the modifications put 
forward by other workers have been dealt with i n Chapter I . O r i g i n a l work 
by the author on the b a s i s o u t l i n e d above i n d i c a t e s that, i n general, the 
t y p i c a l s u c c e s s i o n extends over a much wider region thaxi Alston Moor. A 
number of e l a b o r a t i o n s and v a r i a t i o n s have come to l i g h t but u s u a l l y they 
can be s a t i s f a c t o r i l y r e l a t e d to the modified standard succession of 
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F o r s t e r (op. c i t . ) . An elaborated but generalized s e c t i o n f or the area 
i n which a s u c c e s s i o n c l o s e l y r e l a t e d to the type sequence can be recog­
nized i s given i n F i g . 19. I n general, t h i s area l i e s to the north of a 
l i n e drawn east-west along the Tees-Wear watershed to the east of the 
long-itude of Alston, but i n addition i t embraces the Cross F e l l range, 
Rotherhope F e l l and the ground to the west of the Burtreeford Disturbance 
i n upper Teesdale which l i e s north of Harwood Beck. An even more wide­
spread occurrence of the type sequence i s i l l u s t r a t e d by the remarkable 
f a c t t h a t the Harton Borehole ( P I . IV, 1 ) proved a s i m i l a r succession 
even though the hole was d r i l l e d some f o r t y miles east-north-east of 
Al s t o n Moor on the Durham coast. T h i s whole region w i l l be r e f e r r e d to 
as the type a r e a for d e s c r i p t i v e purposes although the o r i g i n a l type 
l o c a l i t y l i e s i n Alston Moor. Within the type area, the t y p i c a l success­
i o n i s w e l l developed i n the Stanhope q u a r r i e s where i t i s completely 
exposed i n Ashes Quarry ( F i g . 20) and Newlandside Quarry. 

South of the above area, i n Teesdale, the sequence i s not c l o s e l y 
comparable because the Low Coal S i l l d i e s out, or i s only very poorly 
represented, w h i l s t a t l e a s t one other sandstone becomes a prominent 
member of the succession; t h i s l a t t e r sandstone appears to be c o r r e l a t a b l e 
with the l e n t i c i i l a r marine band which i s found above the High Coal S i l l i n 
the type a r e a ( F i g . 1 9 ) , E a s t of the R i v e r South Tyne, i n the north-v;est 
part of the Block, the sequence i s more comparable with that of the North­
umbrian Trough and consequently i t provides a d i r e c t l i n k between the 
Block and Trough. 

Thickness V a r i a t i o n 
The v a r i a t i o n i n t h i c k n e s s of the Group as a whole i s shown i n P l a t e 

I I I . Over most of the Block the range i s between a maximum of a l i t t l e 
over 120 f e e t and a minimum of ¥f f e e t , but i n the extreme north-west on 
the Escarpment the maximum may be exceeded i n L i t t l e Bleaberry G i l l , New 
Water ( T r o t t e r and Hollingworth, 1932) , The normal thickness l i e s below 
75 f e e t but i s r a r e l y l e s s than 50 f e e t . F a c t o r s p e r t a i n i n g to the t h i c k ­
ness v a r i a t i o n of the Group are as f o l l o w s : -

( i ) L o c a l thinning i s caused by condensation of the 
complete sequence as i n Rotherhope F e l l Mine ( f l . IV, 6 5 ) . 

( i i ) FadLlure or poor development of one or more of the 
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sheet sandstones may cause a thinning of the sequence, 
or expansion may cause a thickening. 
( i i i ) Thickening of the sequence silso takes place due 
to the presence of t h i c k channel sandstones, one of 
which c u t s i n t o the Great Limestone along part of i t s 
course; t h i s major channel i s marked by isopachs of 
over 100 f e e t and trends south-south-west from Blanch-
land ( P I . I I I ) . 
( i v ) Replacement of the upper part of the underlying 
limestone by s h a l e , s i m i l a r to that shown i n F i g . 13, 

a l s o r e s u l t s i n a t h i c k e n i n g of the Group; t h i s phenomenon 
i s probably e f f e c t i v e on a r e g i o n a l s c a l e i n the north­
west p a r t of the Block where the limestone i s of a s i m i l a r 
t h i c k n e s s to that i n the Northiunbrian Trough. Conversely, 
a t h i n n i n g of the Group may a r i s e due to l o c a l replacement 
by limestone of the s h a l e which occurs above the normal 
limestone top, as i n Ashes Quarry, Stanhope. 

(v) A r e g i o n a l t h i c k e n i n g teikes place tovmrds the north­
west corner of the Block and i s probably the r e s u l t of t h i s 
a r e a sagging i n sympathy with the adjacent Trough during 
d e p o s i t i o n . Accompanying t h i s r e g i o n a l thickening there 
i s an i n c r e a s e i n the proportion of the complete sequence 
formed by the beds between the Great Limestone top and the 
Low Coal S i l l c o a l as compared with the proportion formed 
by them on the r e s t of the Block. T h i s feature w i l l be 
f u l l y d e a l t with i n the Northumbrian Trough s e c t i o n of t h i s 
chapter s i n c e the change i s more c l o s e l y r e l a t e d to that 
r e g ion, 
( v i ) The apparent r e g i o n a l thickening towards the Pennine 
F a u l t System i n the west may be due to the l a t t e r being a 
contemporaneous h i n g e - l i n e during sedimentation, s i m i l a r to 
the S t u b l i c k F a u l t System; i n s u f f i c i e n t d e t a i l of thickness 
v a r i a t i o n allows no more than s p e c u l a t i o n upon t h i s matter, 
however. 
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Summarized Stratigraphy 
The base of the suc c e s s i o n i s formed by the top of the Great Lime­

stone w h i l s t the upper l i m i t i s defined by the base of the Upper L i t t l e 
Limestone, the l a t t e r being by no means as w e l l exposed as the Great. 

I n d e s c r i b i n g the s t r a t i g r a p h y of the sequence on the Alston Block 
the type s u c c e s s i o n w i l l be s y s t e m a t i c a l l y dealt with. I t w i l l a l s o be 
r e l a t e d to that proved where there i s v a r i a t i o n from i t . The d i v i s i o n 
of the Block i n t o these areas has already been mentioned. 

1 
The Great Shale and a s s o c i a t e d beds.- Normally the Great Limestone 

2 
i s immediately o v e r l a i n by a sha l e sequence which ranges i n thickness 
from n i l to 70 f e e t but on average i s between. 10 and 20 f e e t t h i c k . The 
sh a l e i s t h i c k e s t i n the north-west part of the Block w h i l s t there 
appears to be a r e g i o n a l t h i n n i n g to the south. Expansion of t h i s b a s a l 
s h a l e sequence a r i s e s due to l o c a l and re g i o n a l f a i l u r e of the Low Coal 
S i l l and, on a re g i o n a l s c a l e ^ i n the northern and north-western p a r t s 
of the Block by replacement of the Great Limestone top by s h a l e . L o c a l 
t h i n n i n g i s caused by replacement of the lower part of the shale by the 
Great Limestone and a l s o by erosion a t the base of the washout channels 
which are developed a t a higher l e v e l i n the sequence. 

G e n e r a l l y , the lower few fe e t of shale are f o s s i l i f e r o u s but the 
fauna i s only o c c a s i o n a l l y r i c h ; sometimes f o s s i l s are a l s o present higher 
i n the s h a l e sequence. Ironstone nodules are found i n the f o s s i l i f e r o u s 
s h a l e a t a few l o c a l i t i e s but i f nodules are developed they are u s u a l l y 
more common i n the n o n - f o s s i l i f e r o u s shale above. 

Around Stajihope, a t s i x separate l o c a l i t i e s , the lower part of the 
s h a l e passes l a t e r a l l y i n t o s i l i c e o u s mudstone with harder chert bands 
which has a maximiun t h i c k n e s s of around 8 f e e t . These small areas of 
cherty beds are quite i s o l a t e d s i n c e the nearest Main Chert a t the 
equivalent horizon i s fo;ind on the north side of the Cotherstone S y n c l i n e , 
some twelve m i l e s to the south-west. 

1: The term used by T r o t t e r and Hollingworth (1932) to describe 
the s h a l e sequence which immediately o v e r l i e s the Great Limestone, 

2: Shale i s here used to include normal shale and semdy s h a l e . 
The l a t t e r i n grading up to the o v e r l y i n g sandstone may become f i n e l y 
banded ajid c o n s i s t of i n t e r l a m i n a t i o n s of sandy s h a l e , s h a l y sandstone 
and sometimes f i n e grained sandstone; i t i s then known as grey beds, a 
t r a d i t i o n a l term of the Northern Pennine O r e f i e l d used to describe t h i s 
l i t h o l o g y , 
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Immediately above the cherty beds at some l o c a l i t i e s , and w i t h i n 
the lower part of the shale a t other s p o r a d i c a l l y d i s t r i b u t e d l o c a l i t i e s , 

• a seam of b r i g h t , b r i t t l e c o a l i s found. Wherever i t i s a c c e s s i b l e i t i s 
always u n d e r l a i n by s t r a t a containing Stigmari'a i n s i t u and plant r o o t l e t s . 
The seam, which i s c e r t a i n l y l e n t i c u l a r , v a r i e s i n thickness from a few 
i n c h e s to a maximum of 3 f e e t . 

The upper part of the shale sequence gradually becomes sandy and 
often contains grey beds and t h i n sandstone bands. Comminuted plant debris 
i s s c a t t e r e d throughout the upper part of the sequence and i n t e r f e r i n g 
ripple-marks which cause c u r l y bedding are common. 

The Low Coal S i l l and c o a l . - Usually, there i s an imperceptible 
gradation i n t o the Low Coal S i l l sandstone which i s generally immediately 
o v e r l a i n by the Low Coal S i l l c o a l . The sandstone i s a reasonably p e r s i s ­
t e n t horizon i n the type sirea but i t i s l e n t i c u l a r to some extent. 
Normally, i t i s no t h i c k e r than 10 f e e t i n the type area but there i s a 
r e g i o n a l v a r i a t i o n i n t h i c k n e s s from n i l to 28 f e e t . South of Weardale 
the sandstone d i e s out almost completely and i s only r a r e l y and poorly 
represented. I n the north-west paurt of the Block the r e p r e s e n t a t i v e 
t h i c k e n s and s p l i t s so t h a t a lower component of sandstone, with a t h i n 
l e n t i c u l a r marine band (the Snope Burn Band) capping i t , i s o v e r l a i n by 
10 to 28 f e e t of shale or sandy shale and then the Low Coal S i l l c o a l . 
The sandstone here has a maximum th i c k n e s s of 35 f e e t but i t i s l e n t i c u l a i r 
and i s completely missing i n some s e c t i o n s . Where best developed the Snope 
Burn Band has a meiximum t h i c k n e s s of 4 f e e t 3 inches but i t i s a l s o l e n t ­
i c u l a r ; L i t h o l o g i c a l l y i t i s u s u a l l y a s p a r i n g l y c r i n o i d a l dark sandy 
limestone which i n p l a c e s i s represented by ferruginous or ochreous c l a y . 

I n the two main feeder streams of Burnhope Rese r v o i r and i n a bore­
hole on Great Dun F e l l there are a l s o i n d i c a t i o n s that marine conditions 
p r e v a i l e d during the formation of part of the sandstone. I n each of the 
feeder streams a la r g e f o s s i l i f e r o u s calcareous sandstone concretion 
occurs w i t h i n n o n - f o s s i l i f e r o u s non-calcareous sandstone, w h i l s t i n the 
borehole the top 1 foot of the sandstone contains s h e l l s . 

Everywhere the Low Coal S i l l i s a sheet sandstone which has a 
g r a d a t i o n a l base, although there are sometimes i n d i c a t i o n s of s l i g h t 
l o c a l scour a t i t s base. I t thickens to some extent by r e p l a c i n g the 
underlying sandy shale but the marked l o c a l thickenings of i t must be 
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a s c r i b e d to an o r i g i n a l i n c r e a s e i n sedimentation f a c i l i t a t e d by greater 
l o c a l subsidence. I n addit i o n , however, there does appear to be a reg­
i o n a l i n c r e a s e i n th i c k n e s s of the sandstone to the west and north-west 
towards what was probably the source area of the sediment. 

In a number of cases the samdstone i s completely massive, but l a t e r ­
a l l y t h i s l i t h o l o g y may pass i n t o one comprised of a l t e r n a t i n g harder 
massive bands and s o f t e r sandstone or shaly sandstone l a y e r s ; sometimes 
sandstone i s completely replaced by grey beds or s h a l y sandstone. At 
i t s base the sandstone i s very f i n e to f i n e grained but i t grades upwards 
to become f i n e to medium or medium grained . "Annelid t r a c k s " , s h a l e 
fragments and r i p p l e marks are common fea t u r e s i n the lower part, w h i l s t 
cross-bedding i s fr e q u e n t l y present, p a r t i c u l a r l y i n the upper part of 
the sandstone. 

The top of the s i l l eilmost i n v a r i a b l y contains Stigmaria and plant 
r o o t l e t s i n s i t u , these being the root remains of the plants from which 
the o v e r l y i n g Low Coal S i l l c o a l was formed. The c o a l seam a t t a i n s i t s 
maximum t h i c k n e s s i n the north-west part of the Block where i t reaches 
1 foot 6 i n c h e s t h i c k , but even i n t h i s part of the region i t i s not a 
completely r e l i a b l e horizon. To the eas t , south-east and south there i s 
a r e g i o n a l t h i n n i n g of the seam and i t i s r a r e l y over 6 inches t h i c k ; 
often i t i s absent or only represented by carbonaceous s h a l e . I n Tees-
dale, c o a l i s only found at one l o c a l i t y a t t h i s horizon. 

S t r a t a between the Low Coal S i l l c o a l and the High Coal S i l l . - This 
sequence i s e s s e n t i a l l y composed of shale which has a maximum thickness 
of 19 f e e t but i s u s u a l l y l e s s than 10 f e e t t h i c k . Where both the Low 
C06LL S i l l and i t s accompanying c o a l are absent, obviously i t i s imposs­
i b l e to d i f f e r e n t i a t e the sequence. No reg i o n a l trend i n the thickness 
v a r i a t i o n of the success i o n i s apparent. 

At some l o c a l i t i e s the shale i s sandy throughout, but often the 
lower part i s non-sandy. Marine f o s s i l s u s u a l l y occur i n the 1 foot of 
shale a t the base of the sequence but they are r a r e l y abundant and often 
appear to be completely absent. However, there are occasional exceptions 
to the above r u l e and i n one case the f u l l 13 f e e t of shale i s f o s s i l i f ­
erous. Also, a t one i s o l a t e d l o c a l i t y , a f o s s i l i f e r o u s calcareous sand-

1: G r a i n - s i z e nomenclature r e f e r s to the Wentworth s c a l e ( 1922 ) . 
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stone occurs i n the middle of the shale sequence. Occasionally, i r o n ­
stone nodules and l e n s e s are present i n the lower part of the shale but 
they are never abundemt. 

The sandy nature of the shale i n c r e a s e s upwards and normally i t 
grades i n t o the High Coal S i l l . Sedimentary s t r u c t u r e s s i m i l a r to those 
i n the sandy shale below the Low Coal S i l l are developed. 

The High Coal S i l l and c o a l . - The s i l l i s represented by a sheet 
sandstone phase, which has an extensive spread, and by a washout-
channel sandstone phase which i s much l e s s e xtensive. The sheet sand­
stone i s more p e r s i s t e n t and more extensive than the Low Coal S i l l s i n c e 
i t can be recognized over most of the Block, only being absent o c c a s i o n a l l y . 
I t shows a considerable v a r i a t i o n i n thickness from n i l to approximately 
60 f e e t , but on average i t i s between 10 and 15 f e e t t h i c k and, therefore, 
t h i c k e r than the Low Coeil S i l l . No d e f i n i t e r e g i o n a l trend i s apparent 
i n the t h i c k n e s s v a r i a t i o n of the sheet sandstone, however. Where i t i s 
e x c e s s i v e l y t h i c k and no down-cutting i s d i s c e r n i b l e at i t s base, the 
sandstone must have a t t a i n e d i t s thickness due to excessive l o c a l i a e d 
sedimentation accompanying greater subsidence. The thickenings would 
appear to be confined to elongate s t r i p s which could at f i r s t s i g h t be 
taken as i n f i l l e d washout channels; however, t h e i r general f i e l d - r e l a t i o n ­
s h i p s , e s p e c i a l l y t h e i r g r a d a t i o n a l bases, show that they are not. On the 
west side of Hudeshope i n Teesdale, i n an approximate north-north-east to 
south-south-west trending s t r i p , i t i s impossible i n some s e c t i o n s to 
d i f f e r e n t i a t e the High Coal S i l l from the o v e r l y i n g (and ?underlying) 
sandstones s i n c e there appears to have been continuous deposition of ssind-
stone along a confined "channel" from at l e a s t High Coal S i l l times on­
wards. S i m i l a r conditions can be traced to continue northwards i n t o the 
Bollihope V a l l e y where there i s a change to an east-north-east to west-
south-west trend i n the "channel's" d i r e c t i o n ( P l a t e I I I ) . 

The sheet sandstone phase of the High Coal S i l l i s s i m i l a r i n most 
r e s p e c t s to the Low Coal S i l l as f a r as i t s l i t h o l o g y and sedimentary 
s t r u c t u r e s are concerned. I t d i f f e r s i n that i t tends to be more massive 

1: "Channel" i s here used to designate a confined narrow and elongate 
s t r i p c o n t a i n i n g a t h i c k sandstone development but does not imply that the 
sandstone has any down-cutting at i t s base, 
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but there are s o f t sandstone and shaly sandstone bands interbedded i n i t 
a t some p l a c e s . Also, i t i s almost i n v a r i a b l y medium grained above the 
base, and l o c a l l y i t i s d i s t i n c t l y coarse grained i n p a r t . The sandstone 
conteiins no f o s s i l s but a calcareous nature has been recognized at two 
i s o l a t e d l o c a l i t i e s . 

Minor washouts are present c u t t i n g i n t o the top of the sheet sand­
stone. They are r e l a t e d to the same phase of erosive a c t i v i t y as the wajsh-
out-cliannels which took place subsequent to the formation of the sheet 
sandstone but p r i o r to the c o l o n i z a t i o n of i t s top by the plants from which 
the o v e r l y i n g c o a l was formed. 

A s i n g l e major channel can be traced, running south-westv/ard across 
the Block from the v i c i n i t y of Hunstanworth by way of S t . John's Chapel 
to B a r r a s , where i t i s l o s t s i n c e i t trends in t o the area where rocks of 
t h i s age have been removed by erosion ( P l a t e I I I ) ; however, i t may connect 
up with a channel proved f a r t h e r south on Baugh F e l l (see l a t e r ) . Three 
s u b s i d i a r y channels branch off from t h i s parent channel, a l l on the east 
s i d e of the l a t t e r and apparently at or near the apex of bends i n i t s 
course. However, t h e i r courses cannot u s u a l l y be traced for any great 
distance away from the parent channel which probably i n d i c a t e s that they 
r a p i d l y died out. A fourth s u b s i d i a r y channel probably branched o f f the 
east s i d e of the major channel i n the v i c i n i t y of Langdon Beck; r e l a t i v e l y 
r e c e n t e rosion has removed most of the evidence f o r i t s presence, but i t 
i s preserved f a r t h e r south i n H a r g i l l Beck on the north side of the Cother­
stone S y n c l i n e (see l a t e r ) . A l l the channels cut i n t o the underlying 
sediments to w i t h i n a few f e e t of the Great Limestone top, but from north 
of S t . John's Chapel southwards the major channel has penetrated the 
Great Limestone eilong the whole of i t s course reducing the limestone to 
a t h i c k n e s s of a t l e a s t 27 f e e t north of Langdon Beck, 

The major channel, which i s g e n e r a l l y about one mile wide, has a 
s l i g h t l y i r r e g u l a r base and contains a maximiun recorded thickness of 
c h a n n e l - f i l l m a t e r i a l of 82 f e e t . At the base t h i s m a t e r i a l i s composed 
of very coarse grained cross-bedded massive sandstone v;hich o c c a s i o n a l l y 
contains s m a l l quartz pebbles and l e n s e s of g r i t . Upwards, the channel-
f i l l m a t e r i a l becomes f i n e r grained and i n places at the very top i s 
d i s t i n c t l y s h a l y . At two separate l o c a l i t i e s marine f o s s i l s have been 
discovered w i t h i n the upper part of the c h a n n e l - f i l l deposit; t h i s i s 
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p o s s i b l y i n d i c a t i v e of short l o c a l marine i n c u r s i o n s i n t o the channel 
but, on the other hand, the f o s s i l s could be derived. 

The s u b s i d i a r y channels are generally s l i g h t l y l e s s than h a l f a 
mile wide; they a l s o have a s l i g h t l y i r r e g u l a r base which normally l i e s 
about 5 f e e t above the Great Limestone top and the maximum thickness of 
c h a n n e l - f i l l deposit i n them i s kO f e e t . The lower part of the chemnel-
f i l l m a t e r i a l c o n s i s t s of coarse grained massive sandstone but t h i s r a p i d ­
l y grades up i n t o medium grained sandstone which passes i n t o shaly m a t e r i a l 
a t the top of the channel. At the edges of the channel prominent wedge-
bedding i s found with a s t r i k e p a r a l l e l to and apparently c o n t r o l l e d by 
the s i d e s of the channel. Small s c a l e cross-bedding i s a l s o frequently 
apparent i n the lower part of the c h a n n e l - f i l l sandstone. 

Subsequent to the complete i n f i l l i n g of the channels, most of the area 
of the Block was colonized by vegetation, the roots of which are preserved 
i n the upper part of the c h a n n e l - f i l l deposits as w e l l as the sheet sand­
stone. From the peat formed by the decayed vegetation the High Coal S i l l 
c o a l was formed. T h i s seam i s the most important and prominent one of the 
cyclothem and can be t r a c e d over the bulk of the Block, only being absent 
l o c a l l y . A t h i c k n e s s of 3 to 4 f e e t i s a t t a i n e d i n the extreme north-west 
part of the Block but 2 f e e t i s a more normal thickness for the region 
around A l s t o n . South and e a s t of t h i s area there i s a r e g i o n a l thinning 
of the seam which i n Weardale, the A l l e n d a l e s and on Alston Moor i s often 
up to 1 foot t h i c k and l o c a l l y may be t h i c k e r . A maximum thickness of 
6 i n c h e s has been recorded i n Teesdale and the seam appears to t h i n even 
more to the south-east; i t i s absent w i t h i n the confines of the Hudeshope 
"channel", probably due to the continuous deposition of sand i n h i b i t i n g 
p l a n t growth. A 2 f e e t t h i c k seam was proved at t h i s horizon i n the 
Harton Borehole and there thus appears the p o s s i b i l i t y of a b e l t of t h i c k 
c o a l s t r e t c h i n g from the A l s t o n region along the north f l a n k of the Block 
and bordering the Trough where even t h i c k e r c o a l s were formed. The coal 
i s normally b r i g h t and b r i t t l e and, s i m i l a r to the other coals i n the 
Group, i t has a semi-emthracitic character over much of the Block, 

S t r a t a between the High Coal S i l l c o a l and the White Hazle.- T h i s 
sequence i s more v a r i a b l e than that below the High Coal S i l l but shale i s 
the e s s e n t i a l component. A msiximum thickness of kO f e e t i s a t t a i n e d 
w h i l s t the average l i e s between 10 and 15 f e e t ; however, i n some cases 
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the t h i c k n e s s decreases to l e s s than 5 f e e t . At four l o c a l i t i e s i t i s 
d i f f i c u l t to determine the th i c k n e s s s i n c e the High Coal S i l l c o a l i s 
immediately o v e r l a i n by sandstone which probably represents t h i s compo­
nent of the cyclothem i n p a r t . Regionally the sequence i s t h i c k e s t i n 
Teesdale and t h i n n e s t i n the north-west part of the Block. 

The shaile which normally comprises the bulk of t h i s sequence i n the 
type a r e a i s sometimes completely sandy, but often the lower part i s not 
so emd i t may be markedly f o s s i l i f e r o u s . Sometimes i t i s f o s s i l i f e r o u s 
up to a prominent but l e n t i c u l a r marine band which i s developed i n the 
sequence between n i l and 10 f e e t above the High Coal S i l l c o a l . Above 
the marine band up to 3 f e e t of shale has a l s o been found to be f o s s i l ­
i f e r o u s . 

The marine band, which i s l e n t i c u l a r , i s seen to vary i n thickness 
between 2 inches and 1 foot 9 inches. I t i s t o t a l l y absent from a number 
of s e c t i o n s but, nevertheless, i t has a widespread d i s t r i b u t i o n on the 
Block, e s p e c i a l l y i n the type a r e a . I t s l i t h o l o g y i s somewhat v a r i a b l e 
as i s the f o s s i l content which may be e i t h e r sparse or r i c h . Normally i t 
i s a f o s s i l i f e r o u s i r r e g u l a r l y - b e d d e d calcgireous sandstone, but i t may be 
non-calcareous or s i l i c e o u s and o c c a s i o n a l l y i t i s a sandy limestone; 
comminuted plant debris i s often present inter-mixed with the marine 
f o s s i l s . 

I n the type area, the marine band passes l a t e r a l l y i n t o a markedly 
l e n t i c u l a r , f i n e to medium grained sandstone v/hich i s seen to vary between 
2 and 25 f e e t t h i c k and has an average thickness of 6 f e e t . Sometimes the 
sandstone i s f o s s i l i f e r o u s but i n other cases i t i s barren. At two l o c a l ­
i t i e s where i t r e s t s d i r e c t l y on the High Coal S i l l c oal i t i s markedly 
cross-bedded. Apparently, i t sometimes coalesces with the overlying 
White Hazle sandstone to form a s i n g l e t h i c k u n i t , the shale which normally 
s e p a r a t e s the two disappearing. At four l o c a l i t i e s there i s continuous 
sandstone between the High Coal S i l l c o a l and the L i t t l e Limestone; 
probably t h i s i s due to the White Hazle and the above sandstone having 
coalesced where the l a t t e r immediately o v e r l i e s the High Coal S i l l c o a l . 

I n Teesdale, the sandstone becomes a prominent and p e r s i s t e n t horizon 
which l i e s between n i l and 20 f e e t above the High CoaQ. S i l l seam. I t 
v a r i e s between 1 and 2k f e e t i n th i c k n e s s , but on average i s approximately 
12 f e e t t h i c k . Within the s t r i p on the west side of Hudeshope i t 
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apparently forms part of the t h i c k "channel" semdstone and cannot be 
d e l i m i t e d . Normally i t i s a f i n e t o medium grained ssuidstone, but often 
i n the upper part there i s an admixture of coarse grained milky quartz. 
Almost i n v a r i a b l y the sandstone i s f o s s i l i f e r o u s , the r i c h e s t fauna being 
concentrated i n the upper 2 to 3 f e e t ; occasionally i t i s wholly f o s s i l i f -
erous, but i t i s also known to be completely beirren i n some places. Some 
of the f o s s i l s appear to be derived or at l e a s t winnowed since they eure 
broken up, but there are also whole s h e l l s present. Comminuted plant 
debris i s scattered amongst the f o s s i l s i n some cases sind at two adjacent 
l o c a l i t i e s the sandstone contains plant r o o t l e t s i n s i t u near the base. 
S t e l l a t e saucer-shaped impressions which are possibly r e l a t e d to some 
form of p l a n t have been recorded from t h i s sandstone, but only at one 
l o c a l i t y . 

The shale above the marine band and the l a t e r a l l y - e q u i v a l e n t sand­
stone contedns ironstone nodules which are very prominent occasionally. 
Normally t h i s shale becomes sandy upwards and grades i n t o the White Hazle. 

The White Hazle.- This sandstone i s c l e a r l y d i v i s i b l e i n t o two 
components over much of the Block, the upper of which i s the basal member 
of the o v e r l y i n g cyclothem. Data regarding t h i s upper component are dealt 
w i t h i n the d e t a i l e d stratigraphicaJ. section but they w i l l not be mentioned 
here since they are not r e a l l y p e r t i n e n t to t h i s work. 

The lower component i s t h i c k e s t w i t h i n the confines of the "channel" 
shown on Plate I I I . I n the centre of the "channel" i t i s combined w i t h 
the sandstones below i t , as mentioned previously, to form one t h i c k u n i t ; 
consequently, i t cannot be d e l i m i t e d but i t i s probably thinner than 
where i t i s a separate u n i t . The margins of the so-called "channel" have 
been f i x e d q u i t e a r b i t r a r i l y t o enclose an area i n which t h i s semdstone 
exceeds 35 f e e t t h i c k . The maximum thickness recorded was 62 f e e t but 
there i s a p o s s i b i l i t y t h a t t h i s thickness has been atteiined by cosd.es-
cence w i t h the sandstone which i s the l a t e r a l representative of the marine 
band mentioned e a r l i e r . Outside the confines of the "channel" there i s a 
gradual decrease i n thickness of the sandstone which varies from n i l to 
35 f e e t t h i c k , except f o r two l o c a l i t i e s where 35 f e e t may be exceeded. 
Thicknesses i n excess of 20 f e e t are generally found close to the 
"channel"; over the r e s t of the area the sandstone usually has a t h i c k ­
ness of between 5 and 15 f e e t . Local and rap i d thickness v a r i a t i o n s 
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take place and where the sandstone i s not developed as such i t i s repres­
ented by sandy shale or shaly sandstone. 

The sandstone i s u s u a l l y massive and normally i t grades up from the 
underlying sandy shale at whose expense i t develops to a greater or less 
extent. Generally, i t i s f i n e grained at the base becoming medium grained 
upwards; however, at some l o c a l i t i e s where i t i s at i t s t h i c k e s t i t contains 
coarse grained lenses; abnormally i t i s completely coarse grained. I n 
some cases the sandstone passes l a t e r a l l y i n t o shaly sandstone or sandy 
shale. 

At two widely separated l o c a l i t i e s coal w i t h a maximum thickness of 
1 f o o t 6 inches i s present w i t h i n the lower part of the sandstone. Although 
coal has not been found elsewhere at t h i s horizon, plant r o o t l e t s i n s i t u 
do occur a t some l o c a l i t i e s . They are o f t e n present i n the middle of the 
t h i c k "channel" sandstone where they are o v e r l a i n by up to 12 f e e t of 
f o s s i l i f e r o u s sandstone. Outside the confines of the "channel" t h i s lower 
component of the White Hazle has only proved to be f o s s i l i f e r o u s at one 
l o c a l i t y . 

Sedimentary s t r u c t u r e s s i m i l a r to those i n the Low and High Coal S i l l s 
are present i n the sandstone; i n p a r t i c u l a r , cross-bedding i s sometimes 
very obvious. 

The upper part of the sandstone almost i n v a r i a b l y contains abundant 
pla n t r o o t l e t s and Stigmaria i n s i t u , as does the shaly l a t e r a l represen­
t a t i v e of the sandstone. The coal seam ov e r l y i n g the sandstone and form­
i n g the upper member of the cyclothem i s not a p e r s i s t e n t horizon. I t 
v a r i e s i n thickness from n i l to 2 f e e t 2 inches, but more normally i t i s 
l e s s than 3 inches t h i c k . Apparently i t had a more widespread d i s t r i b u t i o n 
o r i g i n a l l y since fragments of coal are frequently found i n the o v e r l y i n g 
f o s s i l i f e r o u s sandstone where the seam i s now absent. Regionally the 
seam i s most r e l i a b l e i n the north-west part of the Block w h i l s t i t i s 
l e a s t p e r s i s t e n t to the south i n Teesdale. 

Det a i l e d Stratigraphy 
The Great Shale and associated beds.- Normally the Great Limestone 

i s succeeded by shale which, where d e l i m i t e d by the Low Coal S i l l , has a 
v a r i a b l e thickness ranging from 1 f o o t i n Stony H i l l Shaft, Boltsburn 
West Mine ( P I . IV, 1 3 ) , to 36 f e e t i n P l a n t a t i o n Rise, Esp's Vein 
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( P I . IV, 5 8 ) . At Coalcleugh ( P I . IV, 5 7 ) , where the Low Coal S i l l i s 
absent, a thickness of ^6 f e e t i s a t t a i n e d . However,, i n Teesdale, even 
though t h i s ssmdstone i s not usually developed, the shale may be as t h i n 
as 3 f e e t t h i c k and does not exceed a maximum thickness of 15 f e e t 
( P I . IV, 3 5 ) . The meocimum thickness of shale above the limestone occurs 
i n the north-west p a r t of the Block where i n Lunchy Beck ( P I . IV, 7 6 ) , 

C r o g l i n Water, approximately 2 miles east-north-east of Croglin, 70 f e e t 
of shale containing the Snope Burn Band (see l a t e r ) i s found between the 
limestone top and the Low Coal S i l l coal; however, where the representative 
of the Low Coal S i l l i s present i n t h i s area the thickness of shsile i s much 
reduced but i t i s s t i l l q u i t e t h i c k even so. 

Loceilly shale may be completely absent or at l e a s t much reduced i n 
thickness due to the washout channels which cut down from a higher l e v e l 
i n the sequence i n t o the underlying s t r a t a ( P l . IV, 16 and ^ 1 ) . Replace­
ment by limestone of the shale which immediately o v e r l i e s the normal lime­
stone top also causes a t h i n n i n g . This e f f e c t i s only of l o c a l s i g n i f i c a n c e 
and the maximum thickness of shale so aff e c t e d i s found i n Ashes Quarry, 
Stanhope, where 7 f e e t i s replaced by limestone, which w i t h i n 200 yards 
along the quarry face v i r t u e i l l y dies out. On the other hand, there i s a 
reg i o n a l t h i c k e n i n g of the shsile by replacement of the Great Limestone top 
i n the northern and north-western parts of the Block, 

I n the type area the shale normally has a thickness of between 10 and 
20 f e e t emd i s u s u a l l y d e l i m i t e d by the Low Coal S i l l , However, i t i s 
extremely d i f f i c u l t t o generalize about the thickness because i t does vary 
between the l i m i t s already s t a t e d above. Northward and north-westward from 
the type area there i s an o v e r a l l r e g i o n a l thickening of the shale w h i l s t 
there i s a t h i n n i n g towards the south. 

Immediately above the limestone marine f o s s i l s are frequently present 
i n c l u d i n g brachiopods, launellibranchs, c r i n o i d o s s i c l e s , bryozoans, t r i l -
o b i tes and gastropods. Generally the fauna i s not very r i c h but immed­
i a t e l y above the limestone there may be some concentration of the f o s s i l s 
l o c a l l y . Normally the lower 2 to 3 f e e t of shale i s f o s s i l i f e r o u s but 
occasionally the fauna extends higher and up to 8 f e e t of f o s s i l i f e r o u s 
shale has been recorded, A scattered fauna has also been found even 
higher i n the shale but i t appears to be dissociated from that at the 
base and i s only of very loceuL extent; the shale i n which i t i s conteiined 
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may be sandy. 
Ironstone nodules are not common but they have been found w i t h i n the 

f o s s i l i f e r o u s shale and where they do occur they are r e l a t i v e l y numerous; 
lenses of ironstone m a t e r i a l are usually associated and the nodules are 
f r e q u e n t l y i n bands. I n C l a r g h y l l Burn ( P I . IV, 7 1 ) , one mile due east 
of Ayle, nodules of up to 9 inches disuneter are present; they are some­
times bell-shaped and are f r e q u e n t l y septarian, containing a concentric 
and r a d i a t i n g network of c a l c i t e v e i n l e t s ; nodules w i t h aggregated and 
disseminated p y r i t e also e x i s t . The nodules p e r s i s t higher up the shale 
than the f o s s i l s ; f o r example, the shale contains nodules from 3 f e e t to 
1 ^ f e e t above the Great Limestone top i n C l a r g h y l l Burn. At Redmires 
Quarry, one mile south-west of Stsmhope, the f o s s i l s have been completely 
p y r i t i ^ d i n meiny cases and f r e q u e n t l y form the n u c l e i of p y r i t e nodules 
which are scattered throughout the lower part of the shale; where i t i s 
possible t o e x t r a c t the f o s s i l s they are b e a u t i f u l l y preserved. 

At s i x l o c E i l i t i e s around Stanhope (Plate I I I ) the lower part of the 
shale passes l a t e r a l l y i n t o s i l i c e o u s mudstone which contains harder chert 
bands. M a t e r i a l c o l l e c t e d from these beds compares favourably w i t h some 
of t h a t i n the type chert c o l l e c t i o n of Dr. A. J. Wells (1955a and 1955b) 

which i s housed i n the Department of Geology at Durham. X-ray powder 
photography of the cherty m a t e r i a l reveals a basic s i l i c a p a t t ern despite 
the amorphous nature of most of the s i l i c a i n chert. The cherty beds are 
separated from the limestone by a f o o t or so of shale and a t t a i n a maximxim 
thickness of over 8 f e e t . They are sometimes very f o s s i l i f erous w i t h a 
r i c h brachiopod-lamellibranch fauna, but at other l o c a l i t i e s they are 
v i r t u a l l y barren. The s i l i c e o u s mudstone passes l a t e r a l l y i n t o normal 
shale and the i n d i v i d u a l developments of i t appear to be quite i s o l a t e d . 
The nearest Main Chert to t h i s area i s foxind on the north side of the 
Cotherstone Syncline i n H a r g i l l Beck where the author has discovered up 
to k f e e t of f l i n t y chert immediately o v e r l y i n g the Great Limestone. 

I n the l o c a l i t i e s n o r t h of Stanhope Stigmaria and plant r o o t l e t s i n 
s i t u occur i n the upper par t of the cherty beds which are o v e r l a i n by a 
seam of b r i g h t , b r i t t l e coal up t o 7 inches t h i c k ( P I . IV, 1 5 ) . This 
coal i s not r e s t r i c t e d to the regions where chert was l a i d down and has 
been found i n widely separated areas. Up t o 6 f e e t of s t r a t a intervene 
between the coal and the limestone top but i n the Pike Law Hushes ( P I . IV, 
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37)» Teesdale, the two are separated by a minimum of 2 inches of yellow 
l i m o h i t i c clay which contedns i n d i s t i n c t plant r o o t l e t s . Though the 
coal i s found a v a r i a b l e distance above the limestone top i t i s considered 
to occupy a s i m i l a r horizon everywhere, i t s v a r i a b l e p o s i t i o n being 
ascribed t o d i f f e r i n g accumulations of sediment above the Great Limestone 
top before i t was formed, although s l i g h t diachronism of the Great Lime­
stone top could be another explanation. Normally shale or cherty materiaO. 
forms the f l o o r of the seam but i n the extreme north-eastern workings of 
Boltsburn Mine ( P l , IV, l 4 ) , one mil e south-east of Bolt's Law, 2 f e e t of 
sandstone was recorded between the Great Limestone top and a 1 f o o t 6 

i n c h t h i c k coal seam; however, i t may be t h a t the supposed sandstone i s 
s i l i c e o u s mudstone. To the n o r t h , i n the Hunstanworth Mines north-east 
of Ramshaw, the maximum thickness of coal at t h i s horizon was recorded 
i n J e f f r i e s Engine Shaft ( P l , IV, 9 ) where a 3 f e e t seam was found 
immediately above the limestone. The irapersistence of the seam i s i l l u s ­
t r a t e d by the f a c t t h a t i t was not found f a r t h e r west i n the same mining 
area. I n Teesdale the coal can be traced f o r 3 miles along the outcrop 
from Pike Law westward to High Hurth Edge; i t va r i e s from 6 to 10 inches 
t h i c k and has been extensively wrought by means of b e l l p i t s and short 
a d i t s along the whole l e n g t h of outcrop. Although the above i s not an 
exhaustive account of the d i s t r i b u t i o n of coal at t h i s horizon there are 
only a few other places where i t has been located. The part of the 
sequence i n which i t i s found i s u s u a l l y obscured but excavations at 
numerous l o c a l i t i e s have proved the absence of coal, and where exposure 
i s good i t i s o f t e n not present. The seam has been noted to t h i n from 
7 inches to a quarter of an i n c h vdLthin a mile i n the quarries north of 
Stanhope, w h i l s t i n some of the quarries there i s no sign of i t at a l l . 
Thus, i t i s not a p e r s i s t e n t horizon. 

The s t r a t a below the seam may be f o s s i l i f e r o u s but no fauna has been 
discovered above i t on the Alston Block; sometimes, small ironstone or 
p y r i t e nodules are present i n the shale immediately above. Normally, 
however, the shale becomes sandy only a short distance above the coal 
and grades up i n t o the Low Coal S i l l . I n West Pasture Mine Quarry, 
approximately one mile n o r t h of Stanhope, where the seam i s at i t s max­
imum distance above the limestone top, i t i s immediately o v e r l a i n by the 
Low Coal S i l l . 
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Where no coal i s present at the above horizon the shale develops a 
sandy character upwards and also grades to the Low Coal S i l l , but the 
horizon a t which a sandy nature becomes apparent i s very v a r i a b l e . How­
ever, where i t i s f o s s i l i f e r o u s the shale i s not sandy, but only a short 
distance above, where f o s s i l s die out i t usually becomes so. I t thus 
seems tha t the incoming of sand caused the disappearance of the fauna 
since i n Snodberry Cleugh ( P l . IV, 4 5 ) , one mile north-east of Cowhorse 
H i l l , no f o s s i l s are present where sandy shale xms formed only 2 f e e t 
above the limestone top, whereas f o s s i l s are present higher than t h i s 
above the limestone top where no sandy character i s apparent. 

The shale sequence becomes more arenaceous upwards w h i l s t i n the 
upper p a r t grey beds are u s u a l l y apparent and sometimes t h i n sandstone 
bands are inter-bedded. Plant debris i n a comminuted state i s scattered 
throughout the upper par t of t h i s sequence and i n t e r f e r i n g ripple-marks, 
i n d i c a t i v e of r e l a t i v e l y shallow water deposition, are a common featu r e . 

The Low Coal S i l l and cosa.- There i s normally an imperceptible 
gradation i n t o the Low Coal S i l l sandstone, the base of which i s q u i t e 
a r b i t r a r i l y defined i n the f i e l d , as are the lower l i m i t s of the other 
sheet sandstones i n the Coal S i l l s Group. The base has been tsiken a t 
the p o s i t i o n where sand grade m a t e r i a l i s obviously dominant; t h i s o f ten 
coincides w i t h the p o s i t i o n where the rock i s becoming l i t h i f i e d , but not 
always since the lower p a r t of the sandstone may be q u i t e s o f t . 

I n the type area the sandstone a t t a i n s i t s maximum thickness i n 
Seilly Grain ( P l . IV, 4 9 ) , two miles west of Burnhope Reservoir, where i t 
reaches at l e a s t 28 f e e t t h i c k . As already mentioned, the sandstone was 
not deposited everywhere but i t i s reasonably p e r s i s t e n t i n the type area. 
Where i t i s not present i t s horizon may be marked by an increase i n sandi-
ness of the shale, as, f o r example, i n Swinhope Borehole Number 4 (Dunham 
and Johnson, 1962 and P l . IV, 4 6 ) . The coal which normally o v e r l i e s i t 
may also mark i t s horizon, as i n C l a r g h y l l Burn (EL. IV, 71) where the 
s i l l i s represented by grey beds and shaly sandstone. I n a d d i t i o n , i t 
i s cut out completely along the courses of the washout cheuinels which are 
associated w i t h the High Coal S i l l . As a sandstone i t thus varies from 
n i l to 28 f e e t i n thickness i n the type area but normally i s no t h i c k e r 
than 10 f e e t and i s o f t e n l e s s than 5 f e e t t h i c k ; on Cross F e l l ; and 
Great Dun F e l l ( P l . IV, 7 0 ) , however, i t i s usually over 15 f e e t t h i c k 
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w i t h a maximum of 26 f e e t i n the East Cross F e l l Mines ( P l . IV, 6 ^ ) . 

Apparently semd grade m a t e r i a l d i d not reach much f a r t h e r south than 
the Tees-Wear watershed during t h i s period because the s i l l i s only poorly 
and l o c a l l y represented i n Teesdale; f o r example, i n Harthope Beck ( P l . 
IV, 39) i t i s l i t t l e over 1 f o o t t h i c k . Part of the predominantly sand­
stone sequence found on the west side of Hudeshope ( P l . IV, 2 6 - 3 1 ) , north 
of Middleton-in-Teesdale, may represent the Low Coal S i l l but t h i s i s not 
c e r t s i i n . Between Weardale and Teesdale at the head of Westernhope, three 
miles south-west of Eastgate, i t i s c e r t a i n l y absent i n one section ( P l . 
IV, 33) and appears to be wanting i n four of the other f i v e sections 
exposed. 

I n the north-west p a r t of the Block a f u r t h e r complication sets i n 
since the sandstone expands i n thickness and also i t s p l i t s . The sections 
i n Coal Sike, Ayle ( P l . IV, 7 2 ) , a small stream south of Blackcleugh Burn, 
a quarter of a mile north-east of Barhaugh ( P l . IV, 7 3 ) , Snope Burn ( P l . 
IV, 7 ^ ) , L i t t l e Bleaberry G i l l , New Water, txio miles east of Cumrew ( P l . 
IV, 7 7 ) , and Lunchy Beck, Croglin Water ( P l . IV, 7 6 ) , i l l u s t r a t e t h i s 
change. I n Coal Sike the 11 f e e t t h i c k u n f o s s i l i f e r o u s Low Coal S i l l i s 
d i r e c t l y overleiin by a t h i n coal which was proved by boring at the o l d 
Ayle C o l l i e r y close by (personal communication by Mr. S. Shepherd, manager 
of Ayle C o l l i e r y ) . Less than two miles to the north-west, i n the stream 
near Blackcleugh Burni a t h i c k massive sandstone which i s approximately 
35 f e e t t h i c k and contains f o s s i l s i n i t s upper par t i s o v e r l a i n by a t h i n 
daxk limestone of indeterminate thickness. This limestone i s almost 
c e r t a i n l y the representative of the Snope Burn Band, a marine band which 
l i e s some way below the 2 inches of coaJ. i n L i t t l e Bleaberry G i l l and 
Lunchy Beck, and the 1 f o o t seam i n Snope Burn, a l l of which are consid­
ered to represent the Low Cosil S i l l coail. I n the stream near Blackcleugh 
Burn t h i s coal i s not exposed but workings i n t o the High Coal S i l l coal, 
which normally l i e s only a short distance above the lov/er seam, occur 
some 30 f e e t above the t h i n limestone. Normally shale intervenes between 
the Low Coal S i l l coal and the Snope Burn Band, but sandy shale i s present 
above the marine band i n the Faugh Cleugh Borehole ( P l . IV, 75) where no 
Low Coal S i l l coal was proved to d e l i m i t the sequence. Thus, the Low Coal 
S i l l of the type area i s considerably expanded and divided i n t o two 
components by the Snope Burn Bsind. Below the marine band i s a sandstone 
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which a t t a i n s a maximum thickness of about 35 f e e t but i s completely 
absent i n C r o g l i n Water ( P l . IV, 76) and i t s t r i b u t a r i e s , as previously 
mentioned. I n Snope Burn ( P l . IV, 7 4 ) , the samdstone was noted to 
contain prominent wedge-bedding by T r o t t e r and Hollingworth ( 1 9 3 2 ) . 

The l e n t i c u l a r Snope Burn Band has a maximum thickness of 4 f e e t 3 

inches; normeilly i t i s a s p a r i n g l y c r i n o i d a l dark sandy limestone but, 
according to T r o t t e r and Hollingworth (op. c i t ) , i t may pass l a t e r s i l l y 
i n places i n t o a s o f t ferruginous or ochreous clay which may be sandy. 
Above the marine band up to the o v e r l y i n g Low Coal S i l l coal there i s 
a predominantly shaly (shale or sandy shale) sequence which varies i n 
thickness between 10 and 28 f e e t . 

The only i n d i c a t i o n of msirine conditions p r e v a i l i n g during the 
formation of p a r t of the s i l l elsewhere on the Block i s found i n the 
two main feeder-streams of Burnhope Reservoir and i n one of the numerous 
boreholes d r i l l e d i n the v i c i n i t y of Silverband Mine, Great Dun F e l l , 
I n S a l l y Grain, Burnhope ( P l . IV, 4 9 ) , an i s o l a t e d concretion of brown-
weathering, r i c h l y calcareous f o s s i l i f e r o u s sandstone (or sandy l i m e ­
stone since i t contains up to 65 per cent carbonate) i s s i t u a t e d w i t h i n 
non-calcareous n o n - f o s s i l i f e r o u s massive sandstone. I t occurs 4 f e e t 
above the basal exposure of the 28 f e e t t h i c k sandstone and i s 9 feet 
long by 3 f e e t high approximately; i t s margins are v e r t i c s i l and sharp 
although i n places there i s a t h i n weathered s h e l l ; at the base, which 
occupies a s l i g h t l y transgressive horizon, i t may grade up r a p i d l y from 
the underlying sandstone; i t s top i s not w e l l exposed. There i s c e r t a i n l y 
no f a u l t i n g associated and i t may be t h a t i t i s the remnant of a more 
extensive bed or lens which has been almost completely destroyed by 
a u t h i g e n i s i s . A l l traces of f o s s i l s i n the surroxxnding sandstone have 
disappeared i f they were ever present and no carbonate matrix i s l e f t at 
a l l ; the carbonate has probably been removed by p e r c o l a t i n g ground waters 
although concentration of some of i t i n t o the calcareous patch cannot be 
over-looked. A s i m i l a r f o s s i l i f erous calceireous concretion occurs at 
approximately the same horizon i n S c r a i t h Burn ( P l . IV, 5 0 ) , one mile 
south of the above l o c a l i t y , but i t i s not as w e l l exposed. I n S i l v e r -
band Mine Borehole Number 3 ( P l . IV, 68) the top 1 foot of the sandstone 
was found to contain s h e l l s even though l a t e r a l l y i t i s o v e r l a i n by a 
t h i n coal seam. 

Channel sandstones w i t h an erosive base have not been recognised at 

- 83 -



t h i s horizon so that the Low Coal S i l l i s everywhere a sheet sandstone. 
The base of the sheet sandstone appears to be s l i g h t l y erosive i n some 
exposures, however, but t h i s i s probably due to l o c a l scour p r i o r to 
deposition r a t h e r than down-channelling. I t normally grades up from the 
sandy shale below and i s very f i n e to f i n e grained at the base becoming 
f i n e to medium and medium grained at the top. Undoubtedly i t thickens 
to some extent by r e p l a c i n g the underlying sandy shale but t h i s would not 
account f o r the t h i c k e s t developments of the sandstone since they often 
occur where the shale below i s also t h i c k . This thickening must, there­
f o r e , be ascribed to an o r i g i n a l increase i n sedimentation which was 
probably f a c i l i t a t e d by greater l o c a l subsidence. I n a d d i t i o n , there also 
appears t o be a r e g i o n a l increase i n thickness of the sandstone to the 
west aind north-west towards what was probably the source area of the 
sediment. 

Where the s i l l i s q u i t e t h i n i t o f t e n consists of harder massive 
bands inter-bedded w i t h s o f t e r sandstone or shaly sandstone layers ( F i g . 
2 1 ) , the d i f f e r e n t l i t h o l o g i e s passing l a t e r a l l y i n t o each other; the 
complete passage i n t o grey beds or shaly sandstone has already been 
mentioned; ironstone nodules may occur w i t h i n the representative stratum 
where i t i s shaly, as i n C l a r g h y l l Burn ( P l . IV, 7 1 ) . However, the s i l l 
may also be completely composed of massive hard sandstone and t h i s i s 
p a r t i c u l a r l y so where i t i s t h i c k e s t . 

I n the lower p a r t so-called "annelid tracks" have been noted quite 
f r e q u e n t l y but they are usuailly best seen i n detached blocks rather than 
i n s i t u . Small angular and rounded fragments of shale are also occasion-
£illy present i n the lower -part of the sandstone. Ripple marking i s a 
common fe a t u r e throughout but i t i s best developed i n the lower p a r t ; 
u s u a l l y i t i s of the i n t e r f e r e n c e type which gives r i s e to a character­
i s t i c c u r l y bedding. I n most exposures the sandstone i s cross-bedded to 
some extent but the u n i t s are usually small (about 1 f o o t t h i c k ) and they 
have i n d i v i d u a l laminae which vary i n thickness between ^ inch and 2 

inches. Of r e s t r i c t e d occurrence are smeLll rounded nodules \irhich were 
found i n the upper par t of the s i l l i n Snodberry Cleugh. These are 
approximately 1 inch i n diameter and q u i t e d i s c r e t e l y enclosed i n sand­
stone which i s completely d i f f e r e n t from them. The matrix sandstone 
contains no carbonate at a l l whereas the nodules are composed of poorly 
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F i g , 2 0 , The complete t y p i c a l Great Cyclothem sequence of the Alston 
Block, Ashes West Quarry, Weardale. G,L. - Great Limestone 
w i t h Tumbler Beds; L.C.S. - Low Coal S i l l ; H.C.S. - High 
Coal S i l l ; W.H. - White Hazle; L.L. - L i t t l e Limestone, 

F i g . 2 1 . The Low Coal S i l l (L.C.S.) and High Coal S i l l (H.C.S.) above 
the Great Limestone (G.L.), Rogerley Quarry, Weardale. The 
general character of the s i l l s i s i l l u s t r a t e d , the High Coal 
S i l l being more massive than the Low Coal S i l l but both con­
t a i n bands of s o f t e r m a t e r i a l . 



sorted sand i n a matrix of s i d e r i t e . 
The top of the s i l l , which i s f r e q u e n t l y formed o f . s o f t shaly sand­

stone i n the upper few inches, almost i n v a r i a b l y contains the remains of 
vegetation i n the form of Stigmaria and plant r o o t l e t s i n s i t u . Rootlets 
are the most obvious but Stigmaria are seen sometimes i n f l a t exposed 
surfaces ( F i g . 2 2 ) ; a t h i n coal f i l m may be preserved along the walls of 
some Stigmaria. The plants which coloniaed the top of the sandstone and 
l e f t these traces presumably also formed the peat from which the over­
l y i n g coal o r i g i n a t e d . The coal i s a widespread horizon but there are 
places where i t was not fprmed or, at l e a s t , i s not preserved. Even i f 
i t i s absent plant remains s t i l l occur i n the upper part of the Low Coal 
S i l l although u s u a l l y they are not as abundant as when the coal i s present. 

The seam i s at i t s t h i c k e s t i n the north-west psirt of the Block where, 
i n a small stream near Tows Bank, three miles north of Slaggyford, 1 foot 
6 inches of coal i s found a t t h i s horizon. However, i t i s not c o n s i s t e n t l y 
t h i c k even i n t h i s sector since i n L i t t l e Bleaberry G i l l ( P l . IV, 77) only 
2 inches of coal were found and i n the Faugh Cleugh Borehole ( P l . IV, 75) 

the seam was not recognised a t a l l ( t h i s could be due to poor core recov­
ery, hovfever). Nevertheless, when considered regionedly, the sesun i s 
t h i c k e s t to the n o r t h , north-west and a l i t t l e to the north-east of 
A l s t o n , where on an average a 1 f o o t seam i s found. I t has been worked 
to a small extent i n the above region but i s not as important as the High 
Coal S i l l coal i n t h i s respect. South and east of Alston the coeil i s 
normally 6 inches t h i c k , or l e s s , but l o c a l l y a maximum thickness of 1 

f o o t 3 inches i s atteiined. This maximum thickness was proved on Great 
Dun F e l l , near Dun F e l l Hush, where a borehole close to the hush proved 
1 f o o t 3 inches of coal ( P l . IV, 67) whereas the exposed seam i s less than 
3 inches t h i c k ( P l . IV, 6 5 ) . At the head of Wellhope Burn ( P l . IV, ^ 7 ) , 

one m i l e south-east of Cowhorse H i l l , t h i n streaks of b r i g h t coal are 
d i s t r i b u t e d w i t h i n 1 f o o t of sandy shale immediately above the Low Coal 
S i l l . I n the region aroimd Stanhope the seam i s very much reduced and 
never more than 1 i n c h t h i c k ; i t may be represented by a mere smut or else 
a few inches of carbonaceous shale above the rooty sandstone. I n other 
p a r t s of the region coal i s l o c a l l y absent from t h i s horizon too. 

East of the exposed p a r t of the Block the seam was proved i n the 
Chopwell Woods and Roddymoor Boreholes ( P l . IV, 2 and 3 ) where i t i s 3 
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F i g . 2 2 . Stigmaria i n s i t u ( i n d i c a t e d by an S) w i t h r o o t l e t s 
( i n d i c a t e d by an R) associated i n the massive Low 
Coal S i l l , Wellhope Burn, Upper Weardale. 



inches and 4 inches t h i c k r e s p e c t i v e l y . At Harton ( P l . IV, 1 ) , however, 
1 f o o t of coal i s present above the Low Coal S i l l ; t h i s could i n d i c a t e 
e i t h e r a l o c a l t h i c k e n i n g of the seam or, perhaps, even a r e g i o n a l t h i c k ­
ening. 

I n Teesdale coal i s found only at t h i s horizon i n Harthope Beck ( P l . 
IV, 3 9 ) . The formation at t h i s l o c a l i t y i s quite unique since t h i n layers 
of coal are interbanded w i t h l a y e r s of carbonaceous shale f o r a thickness 
of at l e a s t 2 f e e t emd w i t h i n the l a y e r s d i s t i n c t p lant impressions can be 
made out. The outcrop occurs 3 f e e t d i r e c t l y above the 1 foot t h i c k sand­
stone which i s considered t o represent the Low CoeuL S i l l ; thus there could 
p o s s i b l y be a greater thickness of s i m i l a r l i t h o l o g y developed and i t may 
be t h a t t h i s i s the l o c a l i t y a t Old Langdon where Adam Sedgwick ( l 8 2 7 ) 

recorded a considerable thickness of "coal or a v a r i e t y of carbonaceous 
sheQ.e". I t might be argued t h a t the coal which occurs almost immediately 
above the Great Limestone i n Teesdale i s the representative of the Low 
Coal S i l l c o a l . This seems u n l i k e l y since the coail-carbonaceous shale 
formation i s found some 10 f e e t above the limestone less than one mile 
from where the other coal seam l i e s only 1 foot above the limestone. 

Where a d i s t i n c t seam i s present the coal i s mainly b r i g h t and 
b r i t t l e but the upper p a r t may be d i s t i n c t l y shaly. I n some places, f o r 
example, i n the Stanhope neighbourhood, i t i s t o t a l l y represented by 
carbonaceous shale. Over most of the Block i t probably has a semi-
a n t h r a c i t i c character s i m i l a r to the coal above the High Coal S i l l ; t h i s 
f e a t u r e w i l l be considered more f u l l y elsewhere since i t i s almost c e r t ­
a i n l y due to changes subsequent t o the formation of the coals. 

S t r a t a between the Low Coal S i l l coal and the High Coal S i l l . - These 
beds, which are e s s e n t i a l l y composed of shale, have a maximum thickness 
of 19 f e e t i n the type area but they are usually less than 10 f e e t t h i c k 
and may be much thinner than t h i s . I n both the Roddymoor and Chopwell 
Woods Boreholes ( P l . IV, 3 and 2 ) they are e n t i r e l y absent or represented 
by sandstone, since the High Coal S i l l r e s t s d i r e c t l y on the coal above 
the Low Coal S i l l . N a t u r a l l y i t i s impossible to d i f f e r e n t i a t e the 
sequence where no Low Coal S i l l or i t s accompanying coal i s developed, 
as i n most of Teesdale. The previously mentioned washout channels 
o b l i t e r a t e t h i s part of the sequence along t h e i r courses as they do the 
beds below. I n the north-west p a r t of the Block, when i t i s possible to 
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d i f f e r e n t i a t e the equivalent s t r a t a , they sire c e r t a i n l y no t h i c k e r than 
i n the type area and i f anything are thinner on average. Thus, no marked 
r e g i o n a l trend i n the thickness v a r i a t i o n of the succession can be made 
out. 

As already mentioned, these beds are e s s e n t i a l l y composed of shale 
which i n a number of cases i s sandy throughout; i n other cases, the shale 
i s not sandy except i n i t s upper p a r t . At only a few l o c a l i t i e s have 
marine f o s s i l s been recognized, w h i l s t at many l o c a l i t i e s they appear to 
be completely absent. I f f o s s i l s are present they are usually found i n 
the lower 1 f o o t of non-sandy shale at the base of the sequence, but t h i s 
i s not i n v a r i a b l y so since occasional f o s s i l s have been recovered from the 
sandy shale higher up the succession. A notable exception t o the above 
has been found i n Swinhope Borehole Nimiber 2 ( P l . IV, 5h) where the 13 

f e e t of shale between the Low and High Coal S i l l s , a l l of which i s non-
sandy, proved to be f o s s i l i f e r o u s throughout; however, two of the four 
Swinhope boreholes ( P l . IV, 55 and 56) have completely barren shale, except 
f o r p l a n t d e b r i s , at t h i s horizon. F o s s i l s are r a r e l y abundant anywhere i n 
t h i s p a r t of the sequence, but i n Snodberry Cleugh ( P l . IV, ̂ 5 ) a t h i n 
concentrated band of p y r i t i z i e d s h e l l s and s h e l l debris occurs w i t h i n a 
disseminated p y r i t e m a trix i n 1 f o o t of s l i g h t l y sandy f o s s i l i f e r o u s shale 
3 f e e t above the Low Coal S i l l . I n Wellhope Burn ( P l . IV, ̂ 7 ) 1 f o o t 3 

inches of f o s s i l i f e r o u s dark calcareous sandstone i s found i n the middle 
of the sequence which i s only 5 f e e t t h i c k altogether; no equivalent of 
t h i s band has been discovered elsewhere. There i s a p o s s i b i l i t y that i t 
i s the basal p a r t of the o v e r l y i n g High Coal S i l l , which i s also calcar­
eous a t the base, but t h i s i s not considered l i k e l y since the s i l l conteuLns 
no f o s s i l s and i s of e n t i r e l y d i f f e r e n t l i t h o l o g y . 

I n the lower pa r t of the sequence ironstone nodules are present i n 
both shale and sandy shale but they never a t t a i n the size of those i n the 
Great Shale, are never abundant and are only s p o r a d i c a l l y d i s t r i b u t e d ; 
lenses of ironstone are sometimes associated. 

Upwards the sandy nature of the shale becomes more apparent and 
normally i t grades i n t o the High Coal S i l l . S i m i l a r sedimentary features 
to those described i n the sandy shale below the Low Coal S i l l are apparent. 

The High Coal S i l l and c o a l . - Two d i s t i n c t forms of the High Coal 
S i l l sandstone can be recognised. One form i s comprised of an extensive 
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sheet sandstone w i t h an e s s e n t i a l l y gradational base, w h i l s t the other 
i s represented by r e s t r i c t e d washout-channel sandstones w i t h markedly 
erosive and unconformable bases. 

( i ) Sheet sandstone: This form of the sandstone i s the one which 
was most ext e n s i v e l y l a i d down and i s thus the t y p i c a l member of the 
sequence. I t i s s i m i l a r to the Low Coal S i l l but does show some v a r i ­
a t i o n from i t . 

I t s p o s i t i o n i n the sequence w i t h regard to the Low Coal S i l l coed 
has already been defined but where the l a t t e r i s absent i t i s obviously 
impossible t o f i x i n such a manner. Thus, i n Teesdale the s i l l l i e s 
between 3 and 15 f e e t above the Great Limestone top. Unfortunately, i n 
Harthope Beck ( P l . IV, 3 9 ) , the only place where the Low Coal S i l l i s 
recognizable i n t h i s area, the High Coal S i l l i s represented by a channel 
sandstone, the base of which l i e s only a few inches above the peculiar 
coal-carbonaceous shale horizon which has already been mentioned. 

The sheet ssuidstone v a r i e s considerably i n thickness over the type 
area w i t h a maximum of more than 35 f e e t i n Silverband Mine Borehole 
Nvimber 5 ( P l . IV, 6 9 ) . On average i t i s between 10 and I 5 feet t h i c k 
and consequently t h i c k e r than the Low Coal S i l l . However, i t does become 
thi n n e r i n some places, as i n the Stanhope quarries. Like the Low Coal 
S i l l i t i s l o c a l l y absent, although on the whole i t appears to be a more 
p e r s i s t e n t horizon and i s c e r t a i n l y more extensive. 

For most of Teesdale an average thickness s i m i l a r to the type area 
i s i n keeping, but i n the v i c i n i t y of Hudeshope i t i s d i f f i c u l t t o d i f f e r ­
e n t i a t e the High Coal S i l l from the o v e r l y i n g (and ?underlying) sandstone. 
However, a shale p a r t i n g may be developed above i t ( P l . IV, 26) and i n at 
l e a s t one s e c t i o n ( P l . IV, 30 ) the High Coal S i l l coal i s present although 
i t i s immediately overleiin by sandstone. Where i t does prove possible to 
d i s t i n g u i s h the lower sandstone i t i s u s u a l l y t h i c k and, as previously 
mentioned, may i n p a r t represent the Low Coal S i l l . ' The l i m i t s of the 
combined t h i c k sandstone trend i n a north-north-east to south-south-west 
d i r e c t i o n on the west side of Hudeshope (Plate I I I ) ; northwards, r e l a t e d 
conditions can be traced by way of Cornish Hush A i r Shaft ( P l . IV, 23) to 
the south side of Bollihope Burn where the l i m i t s of t h i c k sandstone have 
an approximate east-north-east to west-south-west trend. I n the l a t t e r 
area, however, i t i s o f t e n possible t o d i f f e r e n t i a t e the High Coal S i l l , 
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which has an average thickness, from the ov e r l y i n g abnormally t h i c k ssmd-
stone. The accumulation of such a thickness of sandstone w i t h i n t h i s 
b e l t can best be explained by continuous deposition of sand i n a r e s t r i c ­
ted "channel" contemporaneous w i t h the formation of the adjacent eJ.ter-
n a t i n g sandstone-shale sequence; the coal and t h i n shale partings w i t h i n 
the t h i c k sandstone would be formed during h a l t s i n the deposition of 
sand, probably near the edges of the "channel". This "channel" sauidstone 
i s not comparable w i t h the i n f i l l e d v/ashout-channels to be described 
l a t e r since i t was formed at the same time as the sediments i n which i t 
i s contained and w i t h which i t probably i n t e r - d i g i t a t e s . Neither does i t 
have a markedly erosive base as do the washout-channels. The semdstone 
i n the "channel" u s u a l l y grades up from the iin d e r l y i n g sediments sind i s 
not coarse grained i n i t s lower psirt as i n the washout-channels. However, 
the base may be l o c a l l y erosive, as f o r example, i n the v i c i n i t y of the 
Pikestone Brow Shaft ( P l . IV, 24) where the t h i c k sandstone, abnormally 
f o r i t , i s i n contact w i t h the Great Limestone. I t must be emphasized 
too t h a t the High Coal S i l l only forms part of t h i s "channel" whereas the 
washout-channels are completely r e l a t e d to the High Coal S i l l and conteiin 
a maximtm thickness of sandstone at l e a s t equal to t h a t i n the complete 
"channel". This i s i n s p i t e of the f a c t t h a t the washout-channels were 
apparently cut and i n f i l l e d i n a considerably shorter period of time than 
i t took f o r the complete "channel" sandstone to accumulate. 

I n the north-west peirt of the Block the representative of the High 
Coal S i l l shows considerable v a r i a t i o n i n thickness. Immediately to the 
west of the South Tyne there i s no sandstone present a t a l l , whereas on 
the Escarpment 50 t o 60 f e e t has been recorded at t h i s horizon i n L i t t l e 
Bleaberry G i l l ( P l , IV, 77). I n Lunchy Beck, Croglin Water ( P l . IV, 76), 
less than two miles to the south-east, the same sandstone i s only 6 f e e t 
t h i c k approximately. Short (195^) considered th a t the t h i c k sandstone was 
the c o n t i n u a t i o n of a "washout" which he traced, mainly by features, from 
the n o r t h end of Cross F e l l northwards and p a r a l l e l to the Pennine F a u l t s . 
The s p e c i f i c horizon of the so-called "washout" was not made clear, how­
ever. Although the t h i c k sandstone of L i t t l e Bleaberry G i l l has a coarse 
base, i t i s not considered t o occupy a washout-channel since i t l i e s at a 
s i m i l a r l e v e l above the Low Coal S i l l coal as the sheet sandstone of 
Lunchy Beck which i s much thinner and also has a coarse base. However, 
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i t ' i s possible t h a t the t h i c k e n i n g of the sandstone may be confined to 
a channel-like s t r i p which Short mistook f o r a "washout", 

j Thick developments of the sheet sandstone i n the type area are 
probably also confined t o such s t r i p s which usually can be seen t o have 
a g r a d a t i o n a l base. To accommodate the greater thickness of semd which 
accjumulated i n these r e s t r i c t e d zones without displacement of the s t r a t a 
below, there must have been a c e r t a i n amount of d i f f e r e n t i a l and l o c a l i z e d 
su'iisidence during d e p o s i t i o n . 
^ From the above, i t can be seen th a t there i s no d e f i n i t e r e g i o n a l 
trend i n the thickness v a r i a t i o n of the sheet seuidstone. Thickening 
appears to be a l o c a l e f f e c t confined to narrow channel-like s t r i p s . 

The sheet sandstone normally grades up from the sandy shale below 
but i n places the base i s s l i g h t l y erosive, as f o r example, i n Parson Byers 
Quarry, Stanhope. The erosive chairacter i s only a very l o c a l e f f e c t , 
probably due to scour, since l a t e r a l l y i n the same quarry a normal gradat-
ionsil base can be observed. Sometimes sandstone develops at the expense 
of the underlying sandy shale; t h i s i s at i t s extreme i n the Roddymoor and 
Chopwell Woods Boreholes ( P I . IV, 3 and 2) where sandstone has completely 
replaced the shale and sandy shale and r e s t s immediately on the Low Coal 
S i l l c o a l . 

The s i l l i s f i n e grained at the base amd becomes medium grained up-
wajfds normally. L o c a l l y , however, i t i s d i s t i n c t l y coarse grained i n part 
and i n Dry Sike ( P l . IV, 51)» Burnhope, less than one mile east of Burnhope 
Seat, i t contains pebbles of milky quartz up to approximately 7 mm. i n 
dieuneter. Generally, the cosirse grained nature i s found i n the t h i c k e r 
developments of the sheet sandstone but t h i s i s not always so because i n 
Cowhorse Hush ( P I . IV, 46), below Cowhorse H i l l , the 6 feet t h i c k High 
Coal S i l l i s coarse grained. 

The sandstone i s normally quite massive where i t i s reasonably t h i c k 
but prominent s o f t sandstone and shaly sandstone bands eu:e inter-bedded 
sometimes. Generally i t i s more massive than the Low Coal S i l l ( F i g . 21) 
but where i t becomes thi n n e r the s o f t sandstone ajid shaly sandstone bsmds 
form a l a r g e r p r o p o r t i o n of i t than normal. I t i s also poorly represented 
i n places and i t may degrade completely to a shaly sandstone or even grey 
beds. I n the north-west i t appears th a t l o c a l l y the s i l l i s not repres­
ented at a l l , but f o r t u n a t e l y the High Goal S i l l coal i s a t h i c k r e l i a b l e 
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seam over the whole of t h a t area so that the horizon can be recognized 
e a s i l y . 

No f o s s i l s i n d i c a t i n g marine conditions have been found i n the seind-
stone unless the f o s s i l i f e r o u s csJ-careous band which l i e s below the main 
exposure i n Wellhope Burn ( P I . IV, 4?) i s part of i t . As already stated, 
t h i s i s not considered so even though the basal part of the s i l l has 
proved to be calcareous as w e l l as coarse grained. The only other l o c a l ­
i t y where a d i s t i n c t l y calcareous nature has been recognised i s Lunchy 
Beck ( P l , IV, 76). Here, the sandstone has a calcareous top which i s 
separated from the o v e r l y i n g coal by a f o o t or so of shale; no fauna was 
recorded from the calcareous horizon by T r o t t e r and Hollingworth (1932), 

"'Annelid t r a c k s " , ripple-markings, shale fragments, plant debris and 
cross-bedding are a l l recognizable features which occupy t h e i r appropriate 
p o s i t i o n s i n the sandstone as i n the Low Coal S i l l . Ripple-marking and 
cross-bedding are most commonly seen. 

Because of the e x c e l l e n t exposure i n the Stajihope quarries another 
f e a t u r e a f f e c t i n g the High Coal S i l l has come to l i g h t . This tsdces the 
form of minor washouts which cut i n t o the top of the sandstone but do not 
cut i t out completely. They are almost c e r t a i n l y r e l a t e d to the same 
phase of erosive a c t i v i t y as the washout-channels and thus aid i n p i n ­
p o i n t i n g the exact time of formation of the l a t t e r . The l a r g e s t washout 
i s seen i n Parson Byers Quarry ( F i g . 23a) where i t i s about 70 yards wide 
and cuts ^lown f o r a maximum of 6 f e e t i n t o the 7 f e e t t h i c k High Coal S i l l ; 
t h i s channel appears as though i t was not completely i n f i l l e d w i t h shaly 
m a t e r i a l before the formation of the o v e r l y i n g coal which consequently 
bends down i n t o the washout; the d i f f e r e n t i a i l compaction of shaly and 
sandy sediments could account f o r t h i s f l e x u r e , however. The coal i s no 
t h i c k e r w i t h i n the washout than elsewhere although i t might have been 
expected t o be so i f the washout was not completely i n f i l l e d since there 
would then have been the f a c i l i t y f o r the acciimulation of a greater t h i c k ­
ness of peat. Other washouts are seen i n Ashes Quarry (Fig. 23b) but they 
never have an amplitude of more than a f o o t or so; i t appears that they 
were completely i n f i l l e d w i t h shale before the formation of peat, but i t 
i s impossible to ascertain t h i s since they are inaccessible. 

The upper par t of the s i l l almost i n v a r i a b l y contains abundant 
Stigmaria and plant r o o t l e t s i n s i t u which are generally much more common 
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F i g , 23a, A large but minor washout i n the High Coal S i l l (H,C,S.) 
above the Great Limestone (G,L,), Parson Byers Queury, 
Weardale, The centre of the washout i s indicated by a 
W above i t * 

Fi g , 23b. A very minor washout i n the High Coal S i l l , Ashes West 
Quarry, Weardale. Abbreviations indicating s t r a t a are 
as on F i g , 20. 



than i n the Low Coal S i l l . This i s only to be expected since the High 
Coal S i l l coal i s o v e r a l l considerably t h i c k e r than the coal above the 
lower s i l l and would consequently require a greater accumulation of peat 
from which to form. The very top of the s i l l immediately beneath the coal 
i s f r e q u e n t l y s o f t and shaly. 

( i d ) Washout-chemnel sandstones; The channels were apparently formed 
subsequent to the deposition of the High Coal S i l l sheet sandstone at any 
one p o i n t but p r i o r to the c o l o n i z a t i o n of the l a t t e r ' s top by the vege­
t a t i o n which gave r i s e to the o v e r l y i n g coal. C r i t i c a l evidence f o r t h i s 
i s found i n Rogerley Quarry, between Stanhope and F r o s t e r l e y , where em 
i n f i l l e d washout i s seen to cut out the sheet sandstone and underlying 
beds but i s i t s e l f o v e r l a i n by the continuous H i ^ Coal S i l l coal (Front­
i s p i e c e and Figs. 24a and 24b). The presence of smaller washouts i n the 
top of the High Coal S i l l also i n d i c a t e s t h a t the period of channelling 
f o l l o w e d the formation of the sheet sandstone. By reasonable e x t r a p o l ­
a t i o n i t seems l i k e l y t h a t a l l the i n f i l l e d channels are of s i m i l a r age 
even though they are not so w e l l exposed. A l l are immediately o v e r l a i n 
by the High Coail S i l l coal and are probably r e l a t e d to the channels along 
which sediment was introduced to the area and then spread out to form the 
shales and sheet sandstone of the normal sequence. Whilst the l a t t e r was 
being formed the channels generally l a y outside the present area of depos­
i t i o n and only transgressed over i t a f t e r the formation of the High Coal 
S i l l sheet sandstone and p r i o r to the formation of the o v e r l y i n g High Coal 
S i l l c o a l . I n advancing they cut deep courses which were subsequently 
euLluviated by the e s s e n t i a l l y sand grade m a t e r i a l now found i n them i n a 
consolidated s t a t e . 

I t i s considered t h a t a l l the washout channels are i n t e r - r e l a t e d and 
the deduced channel p a t t e r n i s shown on Plate I I I . There i s one major 
channel w i t h a w i d t h of about one mile v;hich can be traced southward 
across the whole of the Block from the v i c i n i t y of Hunstanworth. I t 
probably continues northward but xmfortunately there i s no information 
a v a i l a b l e to f i x i t s course. To the south of the Block, which v / i l l be 
d e a l t w i t h here f o r convenience, the channel i s knovm i n the neighbourhood 
of Borrowdale Beck, three miles east-north-east of Brough, I t s c o n t i n ­
u a t i o n south beyond t h i s l o c a l i t y i s unknown eind open to speculation, no 
c r i t i c a l exposures being a v a i l a b l e since the channel trends i n t o the area 
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F i g . 24a. A sandstone-filled subsidiary washout-channel truncating 
the Low and High Coal S i l l sheet sandstones, Rogerley 
Quarry, Weardale. The washout i s indicated by a W whilst 
the'other beds are indicated as on F i g , 20. 

Fi g . 24b. The edge of the above sandstone-filled washout to show 
the sharp truncation of the sheet sandstones £uid the 
continuous nature of the High Coeil S i l l COEG. (H.C.S.C.) 

above both the washout and the High Coal S i l l sheet 
sandstone. 



where rocks of t h i s age have been removed by erosion. However, i t may 
l i n k up w i t h a channel proved f a r t h e r south on the Askrigg Block i n the 
v i c i n i t y of Baugh F e l l (see l a t e r ) . Three subsidiary channels which are 
gener a l l y l e s s than h a l f a mile wide branch o f f from the major channel. 
They a l l l i e t o the east of the major channel and appear to diverge from 
i t at or near where there i s a marked change i n i t s course. None of them 
can be traced f o r any great distance which probably i n d i c a t e s that they 
r a p i d l y died out. The p o s s i b i l i t y t h a t there may be more than three 
subsidiary channels cannot be r u l e d out and, i n f a c t , a f o u r t h one pro­
bably branched o f f the east side of the major channel i n the v i c i n i t y of 
Langdon Beck. R e l a t i v e l y recent erosion has removed most of the evidence 
f o r the presence of t h i s channel but i t i s preserved ferther south i n Har-
g i l l Beck on the north side of the Cotherstone Syncline (see l a t e r ) . 

I n the northern peirt of i t s course the major channel cuts i n t o the 
und e r l y i n g sediments t o w i t h i n a few f e e t of the Great Limestone top. 
However, south of a point immediately to the n o r t h of St. John's Chapel 
the Great Limestone has apparently been penetrated along the whole length 
of the channel and as a r e s u l t has been reduced to a minimum thickness of 
27 f e e t n o r t h of Langdon Beck (Plate I I ) ; a deeper i n c i s i o n may have taken 
place i n Borrowdale Beck but t h i s i s not c e r t a i n . The base of the channel 
i s s l i g h t l y i r r e g u l a r as can be seen i n Sunny Brow Mine Quarry, north of 
St, John's Chapel, where the coarse sandstone i n f i l l i n g of the channel i s 
i n i r r e g u l a r contact w i t h the Great Limestone. The c h a n n e l - f i l l m a t e r i a l 
i n the major cheuinel has a msiximum observed thickness of 82 f e e t i n A l l e r 
Cleugh ( P I , IV, 4 l ) , h a l f a mil e n o r t h of St. John's Chapel. The Great 
Limestone has been penetrated at t h i s l o c a l i t y but a thickness of 68 fee t 
i s a t t a i n e d i n Ramshaw Engine Shaft ( P I . IV, 5 ) , Ramshaw, even where the 
channel has only do\ra-cut i n t o the sediments above the limestone top. 

I n some cases the t h i c k channel sandstone now l i e s w i t h i n an adjacent 
sequence of s t r a t a which i s much t l i i n n e r than i t s e l f , and thus there i s 
the problem of accommodating i t . This i s exemplified when the adjacent 
sections i n the Hunstanworth Mines a t Ramshaw Engine Shaft ( P I . IV, 5) 
and Taylor's Shaft ( P l . IV, 7) are considered. The 68 f e e t t h i c k channel 
sandstone a t Ramshaw has to be accommodated w i t h i n the 9 f e e t t h i c k shale 
and coal sequence below the High Coal S i l l coal of Taylor's Shaft, Un- -
doubtedly the greater compaction f a c t o r s of peat and clay, as compared 
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w i t h sand, w i l l cQ.leviate t h i s anomaly to some extent; however, possibly 
there was also more subsidence along the channels, thus allowing a t h i c k e r 
accumulation of sand. IVhere the sandstone occupies a channel cut i n t o the 
Great Limestone as w e l l as the o v e r l y i n g sediments the problem of accommo­
dat i n g i t i s not acute. 

Very coarse grained f e l d s p a t h i c sandstone was l a i d down at the base 
of the major channel; contained i n i t are occasional lenses of g r i t w i t h 
a few milky quartz pebbles of up to approximately 13 mm. i n diameter. I t 
i s markedly cross-bedded but the u n i t s are not large and r a r e l y do they 
exceed more than 2 fe e t i n thickness. Where the c h a n n e l - f i l l sandstone 
i s at i t s t h i c k e s t up to 40 fe e t i s coarse grained as above. The coarse 
grained sandstone grades up i n t o medium grained m a t e r i a l which i s also 
cross-bedded but not so markedly as lower i n the channel. I n Harthope 
Beck ( P I . IV, 39) and R e d g i l l Sike ( P l . IV, 58), Teesdale, on the east 
flcink of the channel, f o s s i l s occur i n the sandstone intermixed w i t h shale 
fragments and p l a n t debris approximately 8 feet below the top. The f o s s i l s , 
which comprise small c r i n o i d ossicles and O r t h o t e t i d s , au:e not abundfint €ind 
appeair to be r e s t r i c t e d t o less than 1 fo o t of s t r a t a ; nevertheless, they 
probably i n d i c a t e a short marine i n c u r s i o n i n t o the channel, silthough they 
could be derived. I n A l l e r Cleugh ( P l . IV, 4 l ) , Weardale, the upper 11 
f e e t of the channel i s i n f i l l e d w i t h sandy shale which contains f i n e 
grained sandstone bamds and also ironstone nodules at the top. V/ithin 
the sandy shale there i s a f o s s i l i f e r o u s band i n a simileur p o s i t i o n to the 
one i n Teesdale. The top of the cheuanel-fill i s not exposed elsewhere but 
from shaft records i t would appear that i t i s not o f t e n shsuLy. 

The subsidiary channels apparently do not cut i n t o the Great Limestone 
but they approach very close to the limestone top, one such channel being 
e x c e l l e n t l y exposed i n Rogerley Quarry ( P l . IV, I 6 ) , between Stanhope and 
F r o s t e r l e y . Normally the channel-base l i e s about 5 feet above the lime­
stone top but i t can descend lower auid i n S t o t f i e l d Burn Mine, Rookhope, 
the two come i n t o contact at Number 3 shaft ( P l . IV, 12). I r r e g u l e i r i t i e s 
i n the channel base eire small but o f t e n pronounced ( F i g . 25). As previous­
l y mentioned, the channels cannot be traced f o r any great distance. Their 
shortness may i n some measure be appsirent and due to lack of exposure, 
however. This c e r t a i n l y appears to be the case f o r the easterly channel 
to some extent but does not seem to be so f o r the other two, although i t 
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Pig, 25, I r r e g u l a r i t i e s (marked X) at the base of the subsidiary 
sandstone-filled washout-channel, Eogerley Quarry, Wesirdale, 



could be sLTgued t h a t the middle one continues southward to j o i n up w i t h 
the "channel" on the west side of Hudeshope. However, on the evidence 
a v a i l a b l e i t i s considered t h a t the Hudeshope "channel" was formed cont­
emporaneously w i t h the deposits i n which i t i s contained and i s thus not 
d i r e c t l y r e l a t e d to the washout-channels. A ra p i d decrease i n the erosive 
power of the streams which cut the subsidiary channels i s a f e a s i b l e 
explanation of t h e i r disappearance; such a decrease might be expected as 
the distance from the parent channel increased. 

A maximum thickness of kO f e e t of c h a n n e l - f i l l m a t e r i a l i n the sub­
s i d i a r y channels i s found i n S t o t f i e l d Burn Mine ( P l . IV, 12) where the 
base i s i n contact w i t h the Great Limestone; the average thickness l i e s 
nearer to 50 f e e t , however. 

Coarse grained seindstone was l a i d down only at the base of the sub­
s i d i a r y channels and i t r a p i d l y grades up i n t o medium grained ssuidstone. 
W i t h i n the coarse sandstone at the very base of the channel are fragments 
of shale and the impressions of p l a n t stems with a diameter of up to 6 

inches; shale fragments are present higher up too. Upwards the channel-
f i l l m a t e r i a l becomes f i n e r grained and frequently the top 5 f e e t or so 
i s composed of shsily sandstone which contains small p y r i t e and ironstone 
nodules. Near the edge of the channels shaly m a t e r i a l may be present even 
lower down where i t i s interbedded w i t h massive bands of semdstone, the 
two l i t h o l o g i e s being involved i n prominent wedge-bedding which i s formed 
at am angle approximately peurallel to the sides of the channel ( F i g . 26) 

and only f l a t t e n s out towards the channel base. Thus, the wedge-bedding 
s t r i k e s p a r a l l e l to the course of the channel and dips i n t o the centre of 
i t . Massive sandstone i s dominant i n the lower psirt of i n d i v i d u a l beds 
invo l v e d i n the wedge-bedding but towards the top of the chauinel each bed 
i s p a r t i a l l y replaced by shaly sandstone which i s dominant at the very 
top. I t i s obvious th a t the channel has had a complex h i s t o r y of a l l u v -
i a t i o n w i t h periods of f i l l a l t e r n a t i n g w i t h periods of erosion; t h i s i s 
w e l l i l l u s t r a t e d on F i g . 26 which shows an upper wedge-bedded u n i t c u t t i n g 
across a lower one. Away from the meirgins of the channel wedge-bedding i s 
not so pronounced and the f i l l m a t e r i a l i s comprised of massive sandstone 
(Fi g . 27) except f o r the upper few f e e t . 

Wedge-bedding can only be d i s t i n c t l y seen i n the quarries which 
expose the eastern subsidiary channel. However, i t i s probably developed 
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F i g . 26. Wedge-bedding i n the f i l l material near the edge of the 
subsidiary washout-channel, Rogerley Quarry, Weardale. 
Individual beds are indicated sis previously. 

F i g . 27. E s s e n t i a l l y massive sandstone f i l l i n g the centre part of 
the subsidiary washout-channel, Rogerley Quarry, Weardale. 
Abbreviations used previously indicate individual beds. 



along the margins of a l l the other washout-channels but has not come to 
l i g h t simply because they are not so w e l l exposed. I t s formation i s 
considered t o be due to banking-up of sediment on the margins of the 
channel. Thus, a type of large scale cross-bedding has been formed which 
has i t s maximiun dip v i r t u a l l y at r i g h t angles to the current which flowed 
along the channel, auid not p a r a l l e l t o i t . Small scale cross-bedding i s 
also present i n the channels, e s p e c i a l l y i n the lower part of the channel-
f i l l deposit. 

F ollowing the complete i n f i l l i n g of the channels the whole area was 
colonised by vegetation except f o r th a t area occupied by the "channel" 
on the east side of Hudeshope which extends i n t o the Bollihope v a l l e y . 
The r o o t s of the vegetation are preserved i n the upper part of the channel-
f i l l deposits, as w e l l as the sheet sandstone, and,as mentioned e a r l i e r , 
the r o o t remains are qui t e abundamt. 

The High Coal S i l l coal which i s formed from the remains of the plants 
t h a t colonized the area i s the most important and prominent seam of the 
cyclothem. Consequently, i t can be i n t e r p o l a t e d t h a t there must have been 
a considerable period of pl a n t gro^tfth i n order to accumulate the amount of 
peat r e q i i i r e d to form i t . I t has been proved i n nearly every exposed 
s e c t i o n i n the area but may be only s p o r a d i c a l l y developed i n the extreme 
east p a r t of Teesdale. Only one of the Swinhope Boreholes ( P l . IV, 53 -

56) proved the sesim but i t i s q u i t e possible t h a t i t was l o s t during 
d r i l l i n g of the other holes since coal i s n o t o r i o u s l y d i f f i c u l t t o core 
a t a smeG-l diameter xmless s p e c i a l precautions are taken. Several mine 
sections do not record the seam e i t h e r , but as pointed out by Winch (1817), 

"coals being very uncertsiin i n t h e i r extent are seldom noticed i n the lead 
mine sections". Thus, the seam may be absent l o c a l l y but on the whole i t 
i s a r e l i a b l e horizon over a very larg e area. 

T r o t t e r and Hollingv/orth (1932) were not aware of the d e t a i l e d nomen­
c l a t u r e and c o r r e l a t i o n of the seams i n the north-west part of the Block 
w i t h those to the east and south. Consequently, they adopted the term­
ino l o g y used i n the Northumbrian Trough f a r t h e r to the north and north­
east and grouped them together as the L i t t l e Limestone Coals. The middle 
seam, which i s the High Coal S i l l coal, was noted to be the t h i c k e s t and 
best i n q u a l i t y u s u a l l y . Where t h i s seam i s worked i n the neighbourhood 
of A l s t o n i t i s a c t u a l l y c a l l e d the L i t t l e Limestone Coal although i t l i e s 
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some 16 f e e t belov; the limestone. 
The seam a t t a i n s i t s maximum thickness i n the extreme north-west 

p a r t of the Block where i n Gairs P i t , three miles south-east of Tsilkin, 
i t v a r i e s between 3 and k f e e t t h i c k . Regionally i t i s t h i c k e s t i n an 
area s i m i l a r to the coal above the Low Coal S i l l ; t h a t i s to say, the 
region around A l s t o n , but mainly to the north and north-west. Nowhere 
else i n t h i s region i s i t as t h i c k as a t Gears P i t but often i t i s l i t t l e 
t h i n n e r thsm 2 f e e t t h i c k . Because of i t s thickness and semi-anthracitic 
character the seam i s being a c t i v e l y worked near Alston at four small 
d r i f t mines f o r household and i n d u s t r i a l purposes. South and east of 
Als t o n the seam t h i n s but i s fr e q u e n t l y as t h i c k as 1 f o o t and i n S h i l -
don Shaft ( P l . IV, 10), near Blanchland, i s 2 f e e t k inches t h i c k . I t 
i s reduced t o a thickness of 2 inches at one l o c a l i t y i n Weardale but i s 
u s u a l l y nearer 1 f o o t t h i c k . I n Teesdale, where a maximum thickness of 
6 inches has been recorded, there appears to be a t h i n n i n g of the seam 
t o the south-east. W i t h i n the confines of the "channel" on the west side 
o f Hudeshope no COSLL was recorded except possibly at the edges; t h i s i s 
probably because adverse conditions i n the "chemnel" almost completely 
i n h i b i t e d the plsmt growth necessary f o r the formation of coal. There 
also appears to be a r a p i d t h i n n i n g of the seam due south of Alston because 
from being 1 f o o t 2 inches t h i c k i n Rotherhope F e l l Mine ( P l . IV, 63) 

there i s a decrease to a thickness of 3 inches i n Silverbeind Mine ( P l . IV, 
70) on Great Dun F e l l , 

East of the exposures on the Block no coal was recorded i n the 
Chopwell Woods, Roddymoor and Elstob Boreholes ( P l . IV, 2, 3 and 4) , but 
a 2 f e e t t h i c k seam was proved i n the Harton Borehole ( P l , IV, 1) at t h i s 
h o r i z o n . The l a t t e r f i n d might be considered as evidence i n d i c a t i v e of 
an area of t h i c k coal formation i n the north-east, as w e l l as the north­
west p a r t of the Block, I n f a c t , there may be such an area along the 
whole of the northern edge of the Block, f l a n k i n g the Trough where even 
t h i c k e r coals were formed. C e r t a i n l y the Shildon record ( P l . IV, 10) 

would i n d i c a t e t h i s , but unfortxmately no coal was proved i n the Chop-
w e l l Woods Borehole ( P l . IV, 2) to substantiate the hypothesis. 

Very minor s e a m - s p l i t t i n g takes place occasionally, as f o r example, 
i n Ayle C o l l i e r y , where 1 i n c h of coal i s separated from the main 1 foot 
9 inches t h i c k seam below i t by 6 inches of shale. This s p l i t t i n g i s 
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only a l o c a l feature and the shale p a r t i n g r a p i d l y dies out. 
Large p y r i t e concretions, up to 6 inches i n diameter, occur w i t h i n 

the seam, e s p e c i a l l y i n the area where i t i s a t i t s t h i c k e s t . They are 
extremely common at Barhaugh P i t , but are v i r t u a l l y unknown i n the seam 
at Ayle C o l l i e r y only two miles to the south-east. 

The coal i s normally b r i g h t and b r i t t l e and i s not very often mark­
edly shsily. I n v a r i a b l y i t i s h i g h l y j o i n t e d ( c l e a t y ) and consequently i t 
breaks up i n t o very small pieces; the small pieces themselves have a sub-
conchoidal f r a c t u r e , probably due to the semi-anthracitic character of the 
c o a l . This l a t t e r character i s widespread but \\d.ll be dealt w i t h else­
where since i t i s probably not an o r i g i n a l feature of the coal. 

S t r a t a between the High Coal S i l l coal and the White Hazle.- This 
sequence i s more v a r i a b l e than t h a t between the Low Coal S i l l coal and 
the base of the High Coal S i l l . I t s top i s also i r r e g u l a r l y defined 
because of the v a r i a b l e development of the White Hazle which i s some­
times completely absent a l l o w i n g the sequence to extend up to the L i t t l e 
Limestone base, as i n the Harton Borehole ( P l . IV, 1); however, on the 
other hand, the sequence i s often thinned by the White Hazle thickening 
at i t s expense as shown below. 

I n the type area the beds are es s e n t i s i l l y of shale which i s fr e q u e n t l y 
sandy to a greater or less extent. I n the lower part of t h i s shale sequence 
a l e n t i c u l a r marine band i s present which passes l a t e r a l l y aind expands i n t o 
a very sparsely f o s s i l i f e r o u s or barren l e n t i c u l a r ssmdstone; t h i s sand­
stone i s probably the l a t e r a l representative of a t h i c k sandstone i n the 
Teesdale sequence which u s u a l l y has a f o s s i l i f e r o u s top. 

The maximum thickness of these beds i n the type area i s atteiined i n 
the v i c i n i t y of a small stream ( P l . IV, 17) which flows through Fine Plan­
t a t i o n i n t o Rogerley Quarry, one mile south-east of Ste^nhope. Here they 
are 30 f e e t t h i c k but normally they are much th i n n e r , the average t h i c k ­
ness l y i n g between 10 aind 15 f e e t . Where the White Hazle i s very t h i c k 
the sequence i s reduced i n thickness and can be thinner than 5 f e e t , as 
i n the streams on the south side of Bollihope Burn; t h i n n i n g also takes 
place i r r e s p e c t i v e of the above replacement by sandstone, however. On the 
other hand, t h i c k e n i n g of the sequence may take place by the White Hazle 
being poorly developed. At four separate l o c a l i t i e s ( P l . IV, 60, 57, 59 
and 9) the High Coal S i l l coal i s d i r e c t l y o v e r l a i n by sandstone which 
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i s continuous up to the L i t t l e Limestone base; these special conditions 
w i l l be dealt w i t h more f u l l y below. I n the north-west part of the Block 
the equivalent s t r a t a are thinner than i n the type area and, whereas i n 
C l a r g h y l l Burn and Ayle Burn ( P l . IV, 71 and 72) they are 16 f e e t t h i c k , 
they t h i n to 8 f e e t i n Snope Burn ( P l . IV, 7k) and are only 3 f e e t 6 

inches t h i c k on the escarpment i n Croglin Water ( P l . IV, 76). To the south 
of the type area, i n Teesdaile, the incoming of the t h i c k f o s s i l i f e r o u s 
sandstone causes an o v e r a l l expamsion of the sequence which thus has a 
maximiun thickness of 4o f e e t i n How G i l l ( P l . IV, 31), one mile n o r t h -
north-west of Middleton. This thickness may be exceeded vri t h i n the con­
f i n e s of the "channel" which contains the combined ?Low Coal S i l l , High 
Coal S i l l , f o s s i l i f e r o u s sandstone and White Hazle, but i t i s impossible 
to a s c e r t a i n t h i s . The sequence r a r e l y has a thickness lower than 20 f e e t 
i n Teesdale but a minimum of 10 f e e t i s reached i n S n a i s g i l l Sike ( P l . IV, 
32), l e s s than one mile north-north-east of Middleton, 

I n the type area the shale which generally comprises these beds i s 
sometimes completely sandy but often the lower part of i t i s not so. 
Marine f o s s i l s are most common i n the basal part where i t i s non-sandy, 
but occasionally they are present when a sandy character i s obvious. At 
a few l o c a l i t i e s a r i c h fauna i s found i n the shale immediately o v e r l y i n g 
the High Coal S i l l coal; t h i s has been found to p e r s i s t f o r 5 f e e t up to 
the marine band i n Swinhope Borehole Number 3 ( P l , IV, 55), but normally 
f o s s i l s are only present i n the lower 2 feet or so of the shale and are 
o f t e n much more r e s t r i c t e d than t h i s . The fauna i s c e r t a i n l y more wide­
spread and r i c h e r at t h i s horizon than that i n an equivalent p o s i t i o n above 
the Low Coal S i l l coal but even so i t i s not developed everywhere. I r o n ­
stone nodules are sometimes present i n the shale and may be mixed w i t h 
the fauna; however, i f nodules are present f o s s i l s are not usually very 
common. 

The prominent meirine band previously mentioned was i n i t i a l l y discov­
ered i n Cow Burn ( P l . IV, l8) which flows i n t o the west end of Parson 
Byers Quarry, approximately one mile south of Stanhope. Here i t i s a 1 

f o o t 6 inches t h i c k i r r e g u l a r l y bedded calcareous sandstone which l i e s 7 

f e e t above the High Coal S i l l c o a l . Contained i n i t are elongate i r o n ­
stone./ concretions and a fauna which i s dominated by Eomarginifera w i t h 
s u b s i d i a r y t r i l o b i t e p ygidia (mucronate), small c o r a l s , c r i n o i d o ssicles, 
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