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and u n d e r g r o u n d  e x p o s u r e s  h a s  p r o v i d e d  u s e f u l  i n f o r m a t i o n  
r e l a t i n g  t o  t h i s  a r e a  o f  the_ C o a l f i e l d .

The s t r a t i g r a p h i e  i n f o r m a t i o n  i n d i c a t e s  t h i s  a r e a  was m a r g i n a l  
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movement o f  t h e  a r e a  b e tw e e n  t h e  c a l e dono i d  d i s t u r b a n c e s  
d r i v i n g  t h e  m e a s u r e s  a t  t h e  m a r g i n  b e f o r e  i t  o n  an  i m b r i c a t e  
f a n  and c o m p r e s s i o n a l  and  i n c o m p e t e n t  s t r u c t u r e s .  The s t r e s s -  
f i e l d  was  r e s o l v e d  and  r e l i e v e d  l o c a l l y  by  a  v a r i e t y  o f  i n c o m p e t e n t  
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CKAFi’ER 1 INTRODUCTION

1,1 Background Review Of The Geology Of The Sou th  Wales 
C o a l f i e l d

The main u a r t  o f  t h e  S o u th  Wales C o a l f i e l d  i s  a  b a s i n  

shaned a r e a  s t r e t c h i n g  f rom n e a r  Newport  (G-went) t o  L l a n e l l i  

(Dyfed) ( D i g . 1 . 1 . )  I t  i s  a p p r o x i m a t e l y  100 k i l o m e t r e s  f rom  

e a s t  t o  w e s t  and 30 km from n o r t h  t o  s o u t h .  E x te n d in g  

w e s tw ard s  f rom  t h e  main  c o a l f i e l d  i s  a  n a r ro w  t a p e r i n g  

c o r r i d o r  o f  Coal  M easures  w h ic h  e x t e n d s  f rom  C arm ar th en  Bay 

i n  t h e  e a s t  to  S t .  B r i d e ’ s Bay i n  t h e  w e s t  ( D i g . 1 . 2 . )  A 

f u r t h e r  s e p a r a t e  a r e a  o f  Coa l  M easures  l i e s  i m m e d ia t e ly  to  

th e  n o r t h  o f  t h i s  c o r r i d o r  a l o n g  t h e  e a s t e r n  s i d e  o f  

S t .  B r i d e ’ s Bay. These  l a t t e r  tv/o a r e a s  o f  c o a l  a r e  known 

l o c a l l y  as  t h e  ’P e m b ro k e sh i r e  C o a l f i e l d . ’

G e o l o g i c a l l y  t h e  P e m b ro k e s h i r e  C o a l f i e l d  i s  a w es tw ard  

c o n t i n u a t i o n  o f  t h e  main S o u th  Wales C o a l f i e l d .  However,  i t  

i s  now s e p a r a t e d  f rom  t h e  main  p a r t  o f  t h e  c o a l f i e l d  by 

C arm ar th en  Bay, and t h e  c o a l s  a r e  s t e e p l y  d i p p i n g  and 

s t r u c t u r a l l y  d i s t u r b e d .  No deep  m ines  e x i s t  on t h e  

P em b ro k e sh i r e  C o a l f i e l d  t o d a y ,  and a p a r t  f rom some o p e n 

c a s t  e x p l o r a t i o n  t h e r e  has  b e e n  l i t t l e  com m erc ia l  i n t e r e s t  

i n  t h i s  c o a l f i e l d  i n  t h e  l a s t  20 y e a r s .

I t  i s  c u r r e n t  p r a c t i c e  t o  a p p l y  t h e  name ’The S o u th  ,y a l e s  

C o a l f i e l d ’ to  t h e  o u t c r o p  o f  t h e  Coal  M easures  w h ich  l i e s  

be tw een  C a rm a r th e n  Bay and P o n t y p o o l .  The S o u th  .Vales C o a l 

f i e l d  n o t  o n ly  has  a  r o u g h l y  bas  i n - s h a p e d  o u t c r o p ,  b u t  i t  i s  

a l s o  a  s tom ac tu ra l  s y n c l i n a l  b a s i n ,  r e s t i n g  on s i m i l a r l y
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f o l d e d  N a m a r i a n  and  A v o n ia n  l i m e s t o n e  m e a s u r e s  ( P r i n g l e  

and George  1 9 7 0 . ;  The f o l d e d  C a r b o n i f e r o u s  m e a s u r e s  a r e  

a l m o s t  t o t a l l y  s u r r o u n d e d  by D e v o n i a n  d e p o s i t s ,  e x c e p t  f o r  

t h e  Vale  o f  G lam o rg an  a r e a  a l o n g  t h e  s o u t h e r n  m a r g i n  o f  

t h e  c o a l f i e l d  w h e re  y o u n g e r  T r i a s s i c  and  L i a s s i c  r o c k s  

o v e r s t e p  t h e  C a r b o n i f e r o u s  b e d s  (Woodward 1893 ;  Trueman 

1 9 2 0 , 1 9 2 2 , George 1 9 7 0 . ;  ( P i g . 1 . 3 . ;

The S o u t h  Wales  C o a l f i e l d  f o rm s  a  c o m p le x  s t r u c t u r a l  b a s i n ,  

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

t h e  m a r g i n s .  The e x c e p t i o n  i s  a t  t h e  w e s t e r n  en d ,  w h e re  

t h e  b a s i n  i s  o p e n - e n d e d ,  c o n t i n u i n g  w e s t w a r d s  a s  t h e  

t i g h t l y  f o l d e d  P e m b r o k e s h i r e  C o a l f i e l d .  The m ain  f o l d  a x e s  

r u n  a o n r o x i m a t e l y  e a s t - w e s t  a c r o s s  t h e  c o a l f i e l d ,  o f t e n  

o c c u r r i n g  a s  en  e c h e l o n  g r o u p s  o f  a x e s .

The c o a l f i e l d  c a n  be c o n v e n i e n t l y  s u b - d i v i d e d  i n t o  a  number  

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

( P i g . 1 . 4 . )  I n  t h e  c e n t r a l  and e a s t e r n  a r e a s  o f  t h e  c o a l 

f i e l d  t h e r e  i s  a  p r e d o m in a n c e  o f  o n e n  f o l d s  and  n o r m a l  

f a u l t s ,  w i t h  some m in o r  o v e r t h r u s t i n g  and  r a r e  i n s t a n c e s  o f  

u n d e r t h r u s t i n g .  The s o u t h  c r o p  i s  d o m i n a t e d  by c o m n r e s s i o n a l  

s t r u c t u r e s ,  and by v e r y  s t e e p  d i p s .  On t h e  n o r t h  c r o p  t h e  

c o m p r e s s i o n a l  b e l t  l i e s  m a i n l y  t o  t h e  w e s t  o f  t h e  V a le  o f  

N e a t h  D i s t u r b a n c e .  A l th o u g h  s t e e p  d i p s  may be f o u n d  w i t h i n  

t h i s  a r e a  t h e y  do n o t  com pare  w i t h  t h e  more c o n s i s t e n t  s t e e p  

d i n s  o f  t h e  s o u t h  c r o n .

2 .
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The t h i c k n e s s  o f  t h e  G oa l  M e a su re s  v a r i e s  g r e a t l y ,  r e a c h i n g  

a maximum o f  j u s t  o v e r  2 , 3 0 0  m e t r e s  (7 »6 0 0 f t ;  i n  t h e  c e n t r e  

o f  t h e  c o a l f i e l d  n o r t h  o f  Sw ansea .  Here  t h e  ’ Swansea S team 

G o a l s '  have  b e e n  e x p l o i t e d ,  and p r o v i d e  m i n i n g  r e c o r d s  

w h i c h ,  a l o n g  w i t h  o t h e r s ,  a l l o w s  t h e  f o l l o w i n g  e s t i m a t e  t o  

be made,  c o r r e c t e d  f o r  d i p s : -

T a b le  1 .  A verage  S t r a t a  T h i c k n e s s e s  F o r  The G oal  M easu res  
N o r t h  Of Swansea .  ( Based on N a t i o n a l  Goal  Board R e c o r d s )

G ro v ese n d  Seam ( n e a r  t h e  t o n  o f  t h e  G ro v esen d  
t o  t h e  Swansea P o u r  r e e t  Seam.

Swansea  P our  P e e t  Seam t o  t h e  Swansea 
S i x  P e e t  Seam.

Swansea  S ix  P e e t  Seam t o  t h e
Swansea  T h ree  P e e t  s e a m ( = G r a i g o l a  Seam)

G r a i g o l a  Seam t o  t h e  Red V e in .

Red Vein  t o  t h e  P o u r  P e e t / U u p e r  S ix  
P e e t  Seam. (=G w en d rae th  V a l l e y  ’ Big  V e i n ’ )

P o u r  P e e t / U p p e r  S ix  P e e t  Seam t o  t h e  
l o w e r  G e l l i d e g  Seam (=Lower P u m p q u ar t  Seam 
o r  l o w e r  S e a m . )

l o w e r  G e l l i d e g  Seam t o  Garw Seam 
(= H h a s f a c h  Seam o r  G napiog  Seam)

G.arw Seam t o  G a s t r i o c e r a s  s u b c r e n a t u m  
M a r in e  Band.

Beds ;
320m ( 1 , 050 f t )

250m ( 8 2 0 f t )

12m ( 4 0 f t ;

960m ( 3 , 1 5 0 f t ;

320m ( 1 , 050 f t ;

195m ( 6 4 0 f t ;

40m ( 130 f t ;

215m ( 7 0 0 f t )

T o t a l  T h i c k n e s s : - >:• 2 ,312m -"-(7 ,600f t )

I m p e r i a l  c o n v e r s i o n s  a r e  r o u n d e d .
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P i g u r e  1 . 5 . i s  a  t a b l e  g i v i n g  an  o u t l i n e  o f  t h e  m ain  s e a m s ,  

m a r in e  bands  and n o t a b l e  b ed s  t h a t  a r e  commonly r e c o g n i s e d  

o r  e x p l o i t e d  on  t h e  S o u t h  «vales C o a l f i e l d .

The m e a s u re s  t h i n  t o w a r d s  t h e  m a r g in s  o f  t h e  c o a l f i e l d ,  w i t h  

t h e  most  d r a m a t i c  t h i n n i n g  t a k i n g  P l a c e  i n  a  w e s t  t o  e a s t  

d i r e c t i o n .  F i g u r e  1 . 6 .  i s  a d i a g r a m a t i c  w e s t  t o  e a s t  c r o s s -  

s e c t i o n  t h r o u g h  t h e  c o a l f i e l d  w h i c h  i l l u s t r a t e s  t h e  m ain  

f e a t u r e s  o f  t h e  t h i n n i n g , r e s u l t i n g  i n  a c o n d e n s e d  s e q u e n c e  

on t h e  e a s t e r n  m a r g i n .  The p r e s e n c e  o f  a  c o n d e n s e d  s e q u e n c e  

a t  t h e  e a s t e r n  end o f  t h e  c o a l f i e l d  was d e s c r i b e d  by S q u i r r e l  

and Downing, ( I 9 6 4 ) ,  w h e re  t h e  o v e r a l l  a t t e n u a t i o n  a c r o s s  t h e  

c o a l f i e l d  i s  e x a g g e r a t e d  by t h e  u p l i f t  o f  t h e  Usk A n t i c l i n e .

The c r o s s - s e c t i o n  a l s o  i l l u s t r a t e s  t h a t  b o t h  t h e  ’F a r e w e l l  

R o c k ’ and t h e  b a s e  o f  t h e  ’P e n n a n t  S a n d s t o n e ’ a r e  d i a c h r o n o u s ,  

a  f e a t u r e  w h ic h  r e s u l t e d  i n  s e r i o u s  m i s c o r r e l a t i o n s  u n t i l  i t  

was r e c o g n i s e d .  ( P i g . 1 . 6 . ;

The c o a l s  p r e s e n t  i n  t h e  S o u th  R a l e s  C o a l f i e l d  d i s p l a y  a 

g r e a t  v a r i e t y  o f  c h e m i c a l  p r o p e r t i e s  w h ic h  i s  r e f l e c t e d  i n  t h e  

v a r i e t y  o f  r a n k s  o f  c o a l  ( N a t i o n a l  Goal  Board I 9 6 4 . ) ( P i g . 1 . 7 ;  

The g e o g r a p h i c  d i s t r i b u t i o n  o f  t h e  r a n k s  o f  c o a l  on  t h e  S o u th  

R a le s  C o a l f i e l d  i s  i n  r o u g h l y  c o n c e n t r i c  c u r v e s  c e n t r e d  on 

Ammanford ( P i g . 1 . 8 . ;  I n  c r o s s - s e c t i o n  t h e  r a n k  d e c r e a s e s  

upwards  a t  any p o i n t  l o o s e l y  f o l l o w i n g  H i l t s  Law ( J o n e s , 1 9 4 9 . )

As a r e s u l t  o f  t h e s e  v a r i a t i o n s  t h e  c o a l s  o f  t h e  S o u th  R a le s  

C o a l f i e l d  a r e  d i s p o s e d  o f  i n  a  number  o f  m a r k e t s .
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In  t h e  e a s t e r n  p a r t  o f  t h e  c o a l f i e l d  t h e  c o a l s  a r e  

p r e d o m i n a n t l y  ’Power  S t a t i o n  G o a l s ’ (G o a l  Rank Gode 301 t o  

6 0 1 ) ;  t h e  s o u t h - e a s t  and  t h e  s o u t h  c r o p  c o m p r e s s i o n  b e l t  

a r e  p r e d o m i n a n t l y  ’P r im e  G ok ing  G o a l s ’ (G oa l  Rank Gode 3 0 1 ) ;  

a  c e n t r a l  b e l t  o f  ’ Semi A n t h r a c i t e ’ , ’ W elsh  Dry S t e a m ’ and  

’ Goking B l e n d e r s ’ (G oa l  Rank Gode 2 0 1 ) ;  and  a n t h r a c i t e  c o a l s  

(G oal  Ranlc Code 101)  i n  t h e  n o r t h - w e s t  so c a l l e d  ’ a n t h r a c i t e  

c o a l f i e l d .  ’

The v a r i a t i o n  o f  c o a l  r a n k s  a c r o s s  t h e  c o a l f i e l d  i s  r e f l e c t e d  

i n  t h e  c h a n g e s  o f  o t h e r  g e o l o g i c a l  f e a t u r e s  f o l l o w i n g  s i m i l a r  

t r e n d s  a c r o s s  t h e  c o a l f i e l d .  D a v i e s  and  Bloxam, ( 1 9 7 4 ,  ; 

o b s e r v e d  i n c r e a s e s  i n  t h e  l e v e l s  o f  c o p p e r ,  l e a d ,  z i n c ,  t i n  

and s i l v e r  i n  c o a l s  t o w a r d s  t h e  n o r t h - w e s t ;  G i l l  e t  a l .

( 1 9 7 7 , ) o b s e r v e d  c h a n g e s  i n  t h e  c l a y  m i n e r a l s  i n  c a r b o n a t e  and 

and t e r r i g e n o u s  C a r b o n i f e r o u s  r o c k s ;  and  G i l l  e t  a l .  ( 1 9 7 9 ;  

o b s e r v e d  a  c o n c e n t r i c  p a t t e r n  i n  t h e  i s o r e f l e c t e n c e  l i n e s  

f o r  t h e  v i t r i n i t e  i n  S o u t h  Wales  c o a l s  a s  w e l l  a s  a  s i m i l a r  

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

d i s t r i b u t i o n  o f  r a n k  i n  t h e  c o a l s  o f  S o u t h  Wales  m u s t  be  due 

i n  p a r t  t o  H i l t ’ s Law s i n c e  c o a l s  h a v e  b e e n  b u r i e d , i t  seems 

h i g h l y  l i k e l y  t h a t  low g r a d e  m e ta m o rp h ism  h a s  a l s o  i n f l u e n c e d  

t h e  c o a l f i e l d  and  was c e n t r e d  on  a n  a r e a  w i t h  a  h i g h  

t h e r m a l  g r a d i e n t  on  S t .  G e o r g e ’s L a nd ,  p o s s i b l y  n o r t h - w e s t  o f  

Ammanford. I t  i s  u n l i k e l y  t h a t  t h e  p o s t u l a t e d  h e a t  s o u r c e  l a y  

much f u r t h e r  w e s t  t h a n  Ammanford as  t h e  r a n k  o f  c o a l s  b e g i n s  

t o  d e c r e a s e  w e s tw a rd s  f ro m  t h e  a r e a  o f  t h e  B e t w s / A b e r n a n t  

G o l l i e r i e s .

5.



The Coal Classification Svstpm 
Used Bv The National Coal Board.

-1964 Revision-
(National Coal Board 1964.)

H004^200-4«—300-4^400-900^
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Notes

20 6.0 90 115 135 15 0 170 195 275 320  360 U O  470

V olatile  M atter (per cent) [Dry.Mlnerai-Matter-Free Basis.]

D efines a  c la ss ifica tio n  boundary.
Defines a  general limit found in p ractice , although not a  boundary 
for classifica tion  purposes. Figure 1 7
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Thus, t h e  Sou th  Wales C o a l f i e l d  i s  one w h ic h  shows a g r e a t  

v a r i e ty  o f  g e o l o g y ,  w h e th e r  i t  be s t r u c t u r a l ,  s t r a t i g r a p h i e ,  

s e d i m e n t o l o g i c a l , m etam orph ic  o r  g e o c h e m ic a l .  The p o r t i o n  

of the  c o a l f i e l d  s e l e c t e d  f o r  s tu d y  i n  t h i s  t h e s i s  l i e s  on 

the n o r t h  c ro p  o f  t h e  c o a l f i e l d ,  l y i n g  t o  t h e  n o r t h - e a s t  o f  

Neath, and l a r g e l y  c o n f i n e d  by th e  Tawe V a l l e y  and Vale o f  

Neath D i s t u r b a n c e s .

1.2 Mining H i s t o r y  And The Growth Of G e o l o g i c a l  Records

Coal has  been  worked i n  t h e  S o u th  Wales C o a l f i e l d  s i n c e  a t  

l e a s t  Roman t i m e s ,  and p r o d u c t i o n  h a s  been  a t  a  s u f f i c i e n t l y  

high l e v e l  t o  w a r r a n t  r e c o r d s  s i n c e  t h e  t u r n  o f  t h e  1 9 t h .  

c en tu ry .  The im n o r ta h c e  o f  c o a l  i n c r e a s e d  s t e a d i l y  t h r o u g h 

out t h e  19 t h .  c e n t u r y ,  t h r o u g h  t h e  i n d u s t r i a l  r e v o l u t i o n ,  

and on t h r o u g h  t h e  2 0 th .  c e n t u r y .  A l th o u g h  t h e  c o a l f i e l d  i s  

t e c t o n i c a l l y  d i s t u r b e d ,  c a u s i n g  many m in ing  p r o b le m s ,  

n r o d u c t io n  i n c r e a s e d  s t e a d i l y  to  a^ p e a k  j u s t  b e f o r e  t h e  

F i r s t  World .Yar. S ince  t h a t  neak  i t  h a s  d e c l i n e d  o v e r  t h e  

decades t o  s t a n d  now a t  a ro u n d  7 m i l l i o n  t o n n e s  p e r  annum. 

Coal r e m a in s  B r i t a i n ' s  p r im e  en e rg y  s o u r c e ,  as  w e l l  a s  an  

im p o r tan t  f e e d - s t o c k  f o r  t h e  p e t r o - c h e m i c a l  i n d u s t r y .

I n c r e a s i n g  p r o d u c t i o n  r a t e s  have  b r o u g h t  a  g r e a t e r  aw areness  

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

coal  seams.  A l though  t h e  main f a u l t  l i n e s  have been  f a i r l y  

w el l  known f o r  o v e r  100 y e a r s ,  much more d e t a i l e d  g e o l o g i c a l  

i n v e s t i g a t i o n  and s tu d y  has  become n e c e s s a r y  i n  t h e  l a s t  

30 y e a r s  w i t h  t h e  move f rom  p i l l a r  and s t a l l  work ing  methods  

in to  ' S a n d - g o t '  l o n g w a l l  f a c e s  ( ' c o n v e n t i o n a l  f a c e s ' )  and on 

in to  t h e  p r e s e n t  m echan ised  l o n g w a l l  f a c e s .  With i n c r e a s i n g
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m e c h a n i s a t i o n  c a p i t a l  c o s t s  h av e  e s c a l a t e d  r a p i d l y ,  dem anding  

h igh  p r o d u c t i o n  r a t e s  t o  r e p a y  i n v e s t m e n t  c o s t s ;  m e c h a n i s e d  

lo n g w a l l  f a c e s  a r e  a l s o  i n h e r e n t l y  i n f l e x i b l e .  As a  r e s u l t ,  

i n c r e a s i n g  m e c h a n i s a t i o n  and t e c h n o l o g y  on  t h e  f a c e  h a s  made 

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

With t h e  i n c r e a s i n g  n e e d  f o r  d e t a i l e d  r e p o r t s  on  t h e  g e o l o g i c a l  

e n v i ro n m e n t  o f  p r o p o s e d  m in in g  o p e r a t i o n s  a  G e o l o g i c a l  B ranch  

was e s t a b l i s h e d  w i t h i n  t h e  I. l ining D e p a r tm e n t  o f  t h e  N a t i o n a l  

Goal Board .  The B ran ch ,  now c a l l e d  ' G e o l o g i c a l  S e r v i c e s '  

began a s s e s s i n g  and i n t e r p r e t i n g  t h e  d e t a i l s  o f  th e  g e o lo g y  

o f  t h e  c o a l f i e l d  f rom t h e  v a s t  amounts  o f  d a t a  a v a i l a b l e  

from t h e  w e a l t h  o f  m in in g  p l a n s  and r e c o r d s  a t  t h e  end o f  t h e  

1 9 6 0 ' s .

The mine p l a n s  h e l d  by t h e  N a t i o n a l  C o a l  Board ,  and by Her 

M a j e s t y ' s  I n s p e c t o r  o f  Mines  on  b e h a l f  o f  t h e  Crown 

c o n s t i t u t e  a  w e a l t h  o f  g e o l o g i c a l  as  w e l l  as  m in in g  i n f o r m a t i o n  

In  a d d i t i o n  t h e r e  a r e  r e c o r d s  o f  t h e  s t r a t a  m e a su red  i n  s h a f t s  

and many c r o s s - m e a s u r e  d r i v a g e s .  More r e c e n t l y ,  s i n c e  t h e  

n a t i o n a l i s a t i o n  o f  t h e  c o a l  i n d u s t r y  i n  1 9 4 7 ,  t h e r e  a r e  a l s o  

t h e  r e c o r d s  o f  numerous b o r e h o l e s  d r i l l e d  f rom  th e  s u r f a c e  

and from u n d e r g r o u n d  w o r k i n g s .  I t  i s  t h i s  s t o r e  o f  

i n f o r m a t i o n  w hich  fo rm s  t h e  b a s i s  o f  t h i s  s t u d y  o f  p a r t  o f  

t h e  n o r t h  c ro p  o f  t h e  S o u th  «Vales C o a l f i e l d .



1.3-. Purpose Of The Study

Many p a p e r s  have  been  p u b l i s h e d  on  a l m o s t  e v e r y  a s p e c t  o f  

the g eo lo g y  o f  t h e  S ou th  Wales C o a l f i e l d  and . i t ' s  

e v o l u t i o n ,  and many o f  t h e  a u t h o r s  have  been  em in e n t  

g e o l o g i s t s .  However ,  t h e  v a s t  m a j o r i t y  o f  s t u d i e s  h a v e ,  o f  

n e c e s s i t y ,  b ee n  l i m i t e d  t o  t h e  i n f o r m a t i o n  w hich  can  be 

g le a n ed  from s u r f a c e  e x p o s u r e s  s u p p le m e n te d  by l i m i t e d  

underg round  r e c o r d s .  T h i s  means t h a t  many o f  t h e  s t r u c t u r a l  

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

b e h a v io u r  o f  t h e  co m p e te n t  ' P e n n a n t  M e a s u r e s ' w h ich  o u t c r o p  

over  a  l a r g e  p r o p o r t i o n  o f  t h e  c o a l f i e l d .  In  t h e  main t h e  

'P e n n a n t  M e a s u r e s '  c o n s i s t  o f  t h i c k  s a n d s t o n e  d e p o s i t s  w i t h  

r e l a t i v e l y  t h i n  d e v e lo p m e n ts  o f  m u d s t o n e s , c o a l s  and 

s e a t e a r t h s .  The b r i t t l e  n a t u r e  o f  t h e s e  beds and t h e i r  

r e s i s t a n c e  t o  w e a t h e r i n g  p r o v i d e  good e x p o s u r e s  f o r  t h e  

s tu d y  o f  f a u l t i n g ,  f o l d i n g  and j o i n t i n g .

The ' Main P r o d u c t i v e  M e a s u r e s '  o u t c r o p  a ro u n d  t h e  edge o f  t h e  

c o a l f i e l d  and a lo n g  t h e  v a l l e y  f l o o r s .  These  m easu res  f a l l  

w i t h i n  t h e  l o w e r  p a r t  o f  t h e  M iddle  Coal  M e a su re s ,  and t h e  

u ppe r  p a r t  o f  t h e  Lower Coal  M e a s u r e s . T h e i r  e x p o s u re  i s  

g e n e r a l l y  p o o r ;  t h e  p r e d o m in a n t  l i t h o l o g y  i s  s i l t y  mudstone 

which w e a t h e r s  down f a i r l y  e a s i l y  t o  s h a l y  f r a g m e n t s  and 

th e n  a  s o i l  c o v e r ,  t h e r e b y  o b s c u r i n g  t h e  s o l i d  g e o lo g y .

Thus,  e x p o s u re  i s  l i m i t e d  t o  o f t e n  p o o r l y  exposed  s tream,  

s e c t i o n s  and more r e c e n t l y ,  t o  t h e  l a r g e  t e m p o ra ry  

e x c a v a t i o n s  o f  t h e  O p e n c a s t  E x e c u t iv e  on  t h e i r  s i t e s .

These c o n s t r a i n t s  have  p l a c e d  a s e v e r e  l i m i t a t i o n  on t h e  

d a t a  a v a i l a b l e  t o  many a u t h o r s .  The p r e s e n t  s tu d y  aims to
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s u p p l e m e n t  t h e  d a t a  a v a i l a b l e  f r o m  s u r f a c e  e x p o s u r e s  w i t h  

a  w e a l t h  o f  u n d e r g r o u n d  d a t a  i n  o r d e r  t o  b u i l d  up  a  

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

t h e  a r e a  o f  s t u d y .  A l l  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  

t h e s i s  i s  a v a i l a b l e  f o r  i n s p e c t i o n  by t h e  g e o l o g i s t s  o f  

t h e  B r i t i s h  G e o l o g i c a l  S u r v e y .  H ow ever ,  i n  p u b l i s h i n g  

t h e  Memoirs  o f  t h e  C o a l f i e l d  t h e s e  g e o l o g i s t s  h a v e  t o  t r y  

t o  d i g e s t  an  i m p o s s i b l y  l a r g e  am o u n t  o f  d a t a ,  and  n e e d  t o  

c o v e r  b r o a d e r  a r e a s ,  a s  w e l l  a s  s p a n  c o n s i d e r a b l e  t h i c k n e s s  

o f  s t r a t a .  T h i s  s t u d y  v a r i e s  f r o m  t h e  m e m o irs  i n  t h a t  i t  

s e t s  o u t  t o  s t u d y  a  much s m a l l e r  a r e a  i n  d e t a i l  and  g i v e  

some i n s i g h t  i n t o  t h e  s t r u c t u r a l  and  t e c t o r i l c  h i s t o r y  o f  

t h e  c o a l f i e l d .

The a r e a  o f  s t u d y  l i e s  l a r g e l y  b e t w e e n  t h e  Tawe V a l l e y  

D i s t u r b a n c e  and  t h e  V a le  o f  N e a t h  D i s t u r b a n c e .  T h e s e  two 

a n c i e n t ,  d e e p - s e a t e d  C a l e d o n o i d  D i s t u r b a n c e s  ( t r e n d i n g  

s o u t h - w e s t  t o  n o r t h - e a s t ;  p r o v i d e  n a t u r a l  b o u n d a r i e s  t o  

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

t o  a c t  f a i r l y  i n d e p e n d e n t l y . Y here  n e c e s s a r y  t h e  g e o l o g y  

b e y o n d  t h e s e  two s t r u c t u r e s  h a s  b e e n  e x a m i n e d  i n  o r d e r  t o  

g a i n  some k n o w le d g e  o f  t h e  s t r u c t u r e s  t h e m s e l v e s .  The 

e a s t e r n  b o u n d a r y  i s  t h e  o u t c r o p  o f  t h e  'M a i n  P r o d u c t i v e  

M e a s u r e s ' ,  and  t h e  w e s t e r n  b o u n d a r y  i s  a n  a r b i t r a r y  one 

d e t e r m i n e d  by t h e  a u t h o r ' s  w o rk  s c h e d u l e .  ( F i g . 1 . 9 . ;

The a r e a  c o v e r s  p a r t  o f  t h e  Tawe V a l l e y ,  t h e  Rhos Common, 

Mynydd M a rc h o w e l ,  m o s t  o f  t h e  D i l a i s  V a l l e y ,  E i r f y n y d d  

M o u n t a i n  and p a r t  o f  t h e  V ale  o f  N e a t h ,  an  a r e a  o f  some 

1 40  sou ,a re  k i l o m e t r e s .  I t  i n c l u d e s  t h e  a c t i v e  c o l l i e r i e s  o f
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AberDergwm, B l a e n a n t  and  T r e f o r g a n  a s  w e l l  a s  t h e  now c l o s e d  

c o l l i e r i e s  o f  B laengvvrach ,  B r y n t e g ,  C e f n  Coed,  C r y n a n t ,  

Diamond,  D i lw y n ,  C u r n o s , K e n l l a n ,  O n l lw y n ,  R h i g o s ,  S even  

S i s t e r s ,  Y s t a l e f e r a  and Y s t r a d g y n l a i s  an d  a  num ber  o f  

s m a l l e r  a b a n d o n e d  w o r k i n g s .  The a r e a  a l s o  c o v e r s  a  num ber  

o f  o l d e r ,  s m a l l ,  a b a n d o n e d  o n e n c a s t  c o a l  s i t e s  and a  num ber  

o f  r e c e n t  e x p l o r a t i o n  and  p r o d u c t i o n  s i t e s  a t  O n l lw y n ,  Drym, 

Kae s - y - h a r  cho g and  M aesgw ynne .

The s t u d y  c o v e r s  a p p r o x i m a t e l y  950m. o f  s t r a t a  f r o m  j u s t  

a b o v e  t h e  N o . 2 R hondda  Seam t o  j u s t  b e lo w  t h e  G - e l l id e g  Seam. 

H ow ever ,  much o f  t h e  d a t a  i s  d e r i v e d  f r o m  t h e  s t r a t a  l y i n g  

b e t w e e n  t h e  Red V e in  and  t h e  B u te  Seam. The p l a n s  o f  t h e  

m in e s  l i s t e d  a b o v e  a r e  s u p p l e m e n t e d  by d a t a  d e r i v e d  f ro m  

s u r f a c e  e x p l o r a t i o n  b o r e h o l e s  f ro m  t h e  e a r l y  1 9 5 0 ' s ,  t h e  

l a t e  1 9 7 0 ' s an d  t h e  1 9 3 0 ' s and  w i t h  g e o p h y s i c a l  d a t a  

d e r i v e d  f ro m  t h e  l a t e r  e x p l o r a t i o n  p r o g ra m m e s ,  as  w e l l  a s  

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

m e a s u r e  d r i v a g e s ,  and  o b s e r v a t i o n s  and  m e a s u r e m e n t s  t a k e n  

i n  t h e  w o r k i n g  c o l l i e r i e s .

From t h i s  d a t a  i t  i s  p o s s i b l e  t o  b u i l d  u p  a  d e t a i l e d  

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

s e d i m e n t a r y  h i s t o r y  and  t h e  l a t e r a l  v a r i a t i o n s  w i t h i n  i t .

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

a r e a  and t o  e x a m in e  t h e  b e h a v i o u r  o f  t h e s e  s t r u c t u r e s  b o t h  

v e r t i c a l l y  and  l a t e r a l l y .  I n  t h i s  way i t  i s  h o n e d  t o  b u i l d  

u p  a  P i c t u r e  o f  t h e  t e c t o n i c  h i s t o r y  o f  t h e  c o a l f i e l d .
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A p a r t  f r o m  c o m p i l i n g  a  d e t a i l e d  s t r a t i g r a p h i e  co lum n  and 

s t r u c t u r e  c o n t o u r  ^ l a n s  on  s e l e c t e d ,  e c o n o m i c a l l y  i m p o r t a n t  

s e a m s ,  t h e  s t u d y  a d d r e s s e s  i t s e l f  t o  two i n t e r e s t i n g  

q u e s t i o n s .

The f i r s t  i s  one  a f f e c t i n g  t h e  w h o l e  c o a l f i e l d ,  and  t h a t  i s  

t h e  i n t e r - r e l a t i o n s h i p  b e t w e e n  n o r m a l  f a u l t s  and  o v e r t h r u . s t s , 

an d  t h e i r  r e l a t i v e  a g e .  A m o d e l  f o r  t h e  b e h a v i o u r  o f  t h e  

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

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

The s e c o n d  i s  a  q u e s t i o n  s p e c i f i c a l l y  r e l a t e d  t o  t h i s  a r e a  

o f  s t u d y .  As a  g e n e r a l  r u l e  i n  t h e  S o u t h  «.'ales C o a l f i e l d  

o v e r t h r u s t i n g  t e n d s  t o  i n c r e a s e  w i t h  d e p t h ,  and  i s  more 

p r e v a l e n t  i n  t h e  Lower  C o a l  M e a s u r e s  and  t h e  l o w e r  p a r t  o f  

t h e  M id d le  C o a l  M e a s u r e s .  A t  d e p t h  a n d  i n  t h e  l o w e r  m e a s u r e s  

o v e r t h r u s t s  a r e  more n u m e r o u s ,  an d  i n d i v i d u a l  t h r u s t s  t e n d  

t o  h a v e  l a r g e r  d i s p l a c e m e n t .  W i th  m o s t  c o a l  w o r k i n g s  l i m i t e d  

t o  t h e  u p p e r  p a r t  o f  t h e  Lower  C o a l  M e a s u r e s  t h e  q u e s t i o n  i s  

a l s o  r a i s e d  a s  t o  w h a t  h a p p e n s  t o  t h e s e  stimact u r c s  a t  e-ven 

g r e a t e r  d e p t h s , w h e re  t h e  r o c k s  t e n d  t o  become more c o m p e t e n t  

a g a i n .  C o in g  u p  t h r o u g h  t h e  m e a s u r e s  f r o m  t h e  ' M ain  

P r o d u c t i v e  C r o u p ' o v e r t h r u s t i n g  becom es  s t e a d i l y  l e s s  common 

u n t i l ,  by t h e  P e n t r e  Croup o f  Seams i t  i s  a l m o s t  a b s e n t ;  

c e r t a i n l y  t h e r e  a r e  v e r y  few  l a r g e  o v e r t h r u s t s  ( g r e a t e r  t h a n  

6m ( 2 0 f t )  d i s p l a c e m e n t )  a b o v e  t h e  P e n t r e  G ro u p .  H ow ever ,  

w i t h i n  t h e  a r e a  o f  s t u d y ,  b e t w e e n  t h e  i'Tant M a r l  f a u l t  a n d  t h e  

P w l l a u  Bach F a u l t  t h e r e  i s  m a s s i v e  o v e r t h r u s t i n g  a s  h i g h  a s  

t h e  Red V e in ,  w h e re  o v e r t h n i s t s  w i t h  a  v e r t i c a l  d i s p l a c e m e n t  

o f  U P  t o  ( I p O f t )  and  n e a r l y  2km l o n g  a r e  p r o v e n .  O v e r 

t h r u s t s  o f  t h e s e  d i m e n s i o n s  a r e  n o t  known a n p ’v h e re  e l s e  i n
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t h e  c o a l f i e l d  i n  t h i s  p a r t  o f  t h e  s e q u e n c e ,  and  t h e  p r e s e n c e  

o f  s u c h  o v e r t h r u s t s  t h i s  h i g h  u p  i n  t h e  s e q u e n c e  i n  t h i s  one  

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

f ro m  n u m e ro u s  mine  p l a n s  a n d  r e c o r d s  s h o u l d  a l l o w  a  b e t t e r  

u n d e r s t a n d i n g  o f  t h e  m e c h a n i c s  o f  f a u l t s  a n d  o v e r t h r u s t s  t o  

be  e s t a b l i s h e d  i n  r e l a t i o n  t o  m i n i n g  p r a c t i c e .  I t  s h o u l d  a l s o  

be  p o s s i b l e  t o  make some d e d u c t i o n s  a b o u t  s t r e s s  f i e l d s  and  

t h e  e f f e c t s  o f  t h e  p r e - C a r b o n i f e r o u s  b a s e m e n t .
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CHAPTER 2 STRATI&RAPHY

2.1. I n t r o d u c t i o n  And Background

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

in t h i s  a r e a  o f  t h e  S o u th  Wales C o a l f i e l d  was i n  1932 by 

T. R o b e r t so n  i n  t h e  M e r th y r  Memoir.  A l th o u g h  t h e r e  were  

sev e ra l  c o l l i e r i e s  w o rk in g  i n  t h e  N ea th  and D u l a i s  V a l l e y s  

a t  t h a t  t i m e ,  t h e y  were  i n  t h e  hands  o f  p r i v a t e  com pan ies .  

Although t h e  companies  c o - o p e r a t e d  i n  t h e  p r e p a r a t i o n  o f  

t h a t  memoir t h a t  a u t h o r  was o n ly  a b l e  t o  examine t h e  seq u en ce  

in  i s o l a t e d  c r o s s - m e a s u r e  d r i v a g e s . à n d  i t  was f r e q u e n t l y  

im poss ib le  t o  b u i l d  up a  c o m p le te  seq u en ce  i n  any one 

d i s t r i c t .  F u r t h e r ,  t h e  a r e a  i s  t e c t o n i c a l l y  d i s t u r b e d  

making any d e t a i l e d  c o r r e l a t i o n  work a l l  t h e  more d i f f i c u l t .

Because p r i v a t e  com panies  w ere  i n  c o m p e t i t i o n  f o r  m a rk e t s  

th e re  was l i t t l e  o r  no f r e e  exchange  o f  t h e  d e t a i l s  o f  

mining o p e r a t i o n s  and t h e  seams b e in g  worked .  I t  v/as o n ly  

a f t e r  n a t i o n a l i s a t i o n  i n  1947 t h a t  t h e  r e c o r d s  o f  w o rk in g s  

p r e v i o u s l y  o p e r a t e d  by a  l a r g e  number o f  companies  c o u l d  be 

compared i n  g r e a t e r  d e t a i l .  I t  was t h e n  t h a t  an  a t t e m p t  

was made to  p ro d u ce  a  s t a n d a r d  naming f o r  t h e  main 

producing  seams a c r o s s  t h e  whole  c o a l f i e l d .

This work was c a r r i e d  o u t  by t h e  Goal Survey D e p a r tm en t  o f  

the  N a t i o n a l  Goal  Board and was f i n a l l y  a g r e e d  w i t h  t h e  t h e n  

G eo log ica l  Survey  (now th e  B r i t i s h  G e o l o g i c a l  Survey)  and 

completed i n  1956.  Work was t h e n  P u b l i s h e d  u n d e r  t h e  

a u th o r s h ip  o f  H .F .  Adams (Adams 1 9 5 6 ,1 9 6 0 ,1 9 6 7 ) ,  t h e  head  

of the  Goal Survey  D ep a r tm en t  i n  South  Wales .  D e t a i l e d  

plans  were p ro d u c e d  f o r  e a ch  o f  t h e  main p r o d u c i n g  seams

1 3



* a
OJ

L$—
C5
O

L_J
to
OJ

ZD
Otn
cu

awo

a
Ô d

I

i::

I±

a
g'OI.o< •

dObJ
.!2»œ0/

e-
§

% #

■O;a
CL
>%

I

1 % ^

CO

Figure 2.1



(N .O .B .  1959)  and a  s t a n d a r d  n o m e n c l a t u r e  f o r  t h e  m a in  

p r o d u c i n g  seams was  e s t a b l i s h e d .  The n o m e n c l a t u r e  was 

b a s e d  u n o n  t h e  s e q u e n c e  i n  t h e  K e r th .y r  and  A b e r d a r e  V a l l e y s  

w here  t h e  am ount  o f  s t r u c t u r a l  d i s t u r b a n c e  i s  r e l a t i v e l y  

s m a l l  and w h ere  w o r k i n g s  w e re  e x t e n s i v e  and  w e l l  d o c u m e n t e d .  

Based u n o n  w o r k i n g s  i n  t h e s e  v a l l e y s  t h e  f o l l o w i n g  s t a n d a r d  

names o f  t h e  m a in  n r o d u c i n g  seam s  w ere  e s t a b l i s h e d ,  i n  

descending-  o r d e r .

T a b le  1 S t a n d a r d  Namings f o r  t h e  Main P r o d u c i n g  Beams

Two F e e t  Nine Seam 

F o u r  F e e t  Seam 

S i x  F e e t  Seam 

Red Seam 

Nine  F e e t  Seam 

Bute  Seam 

Y ard  Seam 

S e v e n  F e e t  Seam 

F i v e  F e e t  Seam 

G - e l l id e g  Seam 

Gar// Seam

T h i s  g ro u o  o f  seams w ere  and  s t i l l  a r e ,  t h o s e  f ro m  w h i c h  t h e  

g r e a t e r  n r o n o r t i o n  o>f p r o d u c t i o n  was o b t a i n e d  and  t h e  seam s  

became c o l l e c t i v e l y  known a s  ’The Main P r o d u c t i v e  G r o u p ’ o f  

s e am s .  T h i s  c o l l e c t i v e  name was a c c e n t e d  a s  a  g e o l o g i c a l  

d i v i s i o n  o f  t h e  G oal  M e a s u r e s  i n  S o u t h  . ' / a les  f o r  many y e a r s  

and e v e n  now t h e  t e r m  s t i l l  n e r s i s t s  a s  a  v a l u a b l e  w o r k i n g  

t e r m  w i t h i n  t h e  o p e r a t i o n s  o f  t h e  N .G .B .

The Goal  S u r v e y  P e n a r t m e n t  t h e n  a t t e m n t e d  t o  a n n l y  t h e  

s t a n d a r d  names o f  seams a c r o s s  t h e  c o a l f i e l d .  T h i s  t a s k  was  

c a r r i e d  o u t  by means  o f  t h e  d e t a i l e d  seam mans c o m n i l e d  i n
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t h e  So u th -O /a le s  G e o l o g i c a l  S e r v i c e s  B r a n c h  o f  t h e  N .G .B .  , 

and  t h e  s t a n d a r d  n o m e n c l a t u r e  was e x t e n d e d  o v e r  m o s t  o f  

t h e  S o u th  Males G o a l f i e l d .  I t  i s  o n l y  i n  p a r t s  o f  t h e  

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

c o a l f i e l d  t h a t  d i f f i c u l t i e s  h a v e  a r i s e n  i n  t h e  a p p l i c a t i o n  

o f  t h e  s t a n d a r d  n am es .

I t  v/as as  a  r e s u l t  o f  t h i s  w ork  t h a t  t h e  d e t a i l s  o f  seam 

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

b a s i n  o f  d e p o s i t i o n  ( P a r r y  1 9 6 6 ) ,  w e re  w o rk e d  o u t .  

I n c i d e n t a l l y ,  i t  was t h e  c o m p l e x i t y  o f  seam s p l i t t i n g  i n  

t h e  G w en d rae th  V a l l e y ,  ad d ed  t o  t h e  s t r u c t u r a l  c o m p l e x i t i e s  

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

s t a n d a r d  names o f  seam s  i n t o  t h a t  a r e a .

The 1933 Memoir d i d  n o t  r e c o g n i s e  t h e  f u l l  s i g n i f i c a n c e  o f  

seam s p l i t t i n g  i n  t h e  N e a t h  and  D u l a i s  V a l l e y s ,  i t  a l s o  

s u f f e r e d ,  t h r o u g h  no f a u l t  o f  t h e  a u t h o r ,  f r o m  t h e  l a c k  o f  

i n t e r a c t i o n  b e t w e e n  t h e  t h e n  o p e r a t i n g  c o m p a n i e s .

The f o l l o w i n g  a c c o u n t  o f  t h e  s t r a t i g r a p h y  o f  t h i s  a r e a  

b e n e f i t s  g r e a t l y  f ro m  t h e  w ork  o f  t h e  G oa l  S c i e n c e  D e p a r t m e n t  

f ro m  th e  a c c u m u l a t e d  r e c o r d s  o f  t h e  N .G .B .  f ro m  i t ’ s 

f o r m a t i o n  i n  1947 t o  t h e  n r e s e n t ;  f ro m  r e c e n t  e x p l o r a t i o n  

programmes i n  t h e  1 9 7 0 ’s and 1 9 8 0 ’ s and  f ro m  e x t e n s i v e  

u n d e r g r o u n d  w ork  a t  c o l l i e r i e s  i n  t h e  a r e a  and u n d e r t a k e n  

by t h e  p r e s e n t  a u t h o r  b e t w e e n  1974 and 1 9 3 4 .  The l a t t e r  

two s o u r c e s  o f  d a t a  a r e  a  f u n c t i o n  o f  e x t e n s i v e  work  w i t h 

i n  t h e  G e o l o g i c a l  S e r v i c e s  B ra n c h  o f  t h e  N . G . B . ’s M in in g  

D e p a r tm e n t  by t h e  p r e s e n t  a u t h o r .  The c o m p i l a t i o n  

p r e s e n t e d  h e r e i n  i n e v i t a b l y  d r a w s  on t h e  a c c u m u l a t e d  r e c o r d s
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o f  t h e  S o u th  Males G e o l o g i c a l  S e r v i c e s  B ra n c h  o f  t h e  N .G .B .  , 

b u t  t h e  o v e r v i e w  p r e s e n t e d  an d  t h e  i n t e r p r e t a t i o n s  a r e  

e n t i r e l y  t h e  r e s p o n s i b i l i t y  o f  t h e  p r e s e n t  a u t h o r .

2 H i s t o r i c a l  Summary Of S t r a t i g r a p h y

The Goal  M e asu re s  o f  G r e a t  B r i t a i n  a r e  U pper  G a r b q n i f e r o u s  

i n  a g e .  I n  t h e  p a s t  a  v a r i e t y  o f  m e th o d s  h a v e  b e e n  u s e d  t o  

s u b d i v i d e  t h e  G oa l  M e a s u r e s  w h i c h  h a v e  r e s u l t e d  i n  a  h o s t  o f  

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

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

. B .B .B v an s  ( I 9 6 8 ) i n  a  l e c t u r e  g i v e n  a t  t h e  G lam organ  

G o l l e g e  o f  T e c h n o l o g y  ( F i g . 2 . 3  ) .

The e a r l i e s t  c l a s s i f i c a t i o n s  w e r e  i n t o  b r o a d  l i t h o l o g i c a l  

g r o u p s  and w ere  p r o p o s e d  i n  t h e  e a r l i e s t  Memoirs o f  t h e  

G e o l o g i c a l  S u rv e y  ( B u c k l a n d  and  G o n y b e a re  1 3 24 ;  Be l a  Beche 

1846;  S t r a h a n  1399 ) .  T h i s  c l a s s i f i c a t i o n  i n t o  a  ’Lower 

and U pper  Goal  S h a l e  G r o u p ’ s e p a r a t e d  by a  p r e d o m i n a n t l y  

s a n d s t o n e  ' P e n n a n t  S e r i e s ’ i s  s t i l l  a  v e r y  u s e f u l  d i v i s i o n  

i n  t h e  f i e l d  w h ere  t h e  P e n n a n t  S e r i e s  f o r m  s h a r p  t o p o 

g r a p h i c a l  f e a t u r e s .  H ow ever ,  t h e  work  o f  t h e  N .G .B .  and  o f  

Uoodland and  Evans  (1 964)  c l e a r l y  showed t h e  b a s e  o f  t h e  

P e n n a n t  S a n d s t o n e s  t o  be some 550m. h i g h e r  s t r a t i g r a p h i c a l l y  

i n  t h e  e a s t  o f  t h e  G o a l f i e l d  t h a n  i n  t h e  w e s t .

A t t e m p t s  t o  s u b d i v i d e  t h e  G o a l  M e a s u r e s  u s i n g  p a l a e o n t o 

l o g i c a l  e v i d e n c e  s t a r t e d  i n  t h e  n i n e t e e n t h  c e n t u r y  when 

N i d s t o n  ( 1394 , 1394b , 1905 ,1923  ) u s e d  f o s s i l  p l a n t s  t o  d e l i m i t  /

s u b d i v i s i o n s .  P a l a e o b o t a n i c a l  e v i d e n c e  was  u s e d  f o r  many 

y e a r s  a s  a means o f  s u b d i v i d i n g  t h e  G oa l  M e a s u r e s  o f  S o u t h  

Males ( G r o o k a l l  1 9 3 1 , 1 9 3 2 a , 1 9 3 2 b , I 9 3 6 ; D ix  1934 ;  Moore and
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Cox 1943;  Moore 1945> 1 9 4 8 ;  B l u n d e l l  1952 ). Such  s u b 

d i v i s i o n s  s u f f e r e d  f ro m  t h e  s lo w  e v o l u t i o n a r y  r a t e s  o f  n i a n t s  

w h ic h  r e s u l t s  i n  l a r g e  o v e r l a n s  o f  n i a n t  s n e c i e s .  I n  

p r a c t i c e  t h e  n e c e s s i t y  o f  c o l l e c t i n g  a  s u f f i c i e n t  n i a n t  

a s s e m b la g e  means  t h a t  p a l a e o b o t a n y  r a r e l y  p r o v i d e s  a  u s e f u l  

c r i t e r i o n  f o r  t h e  d e t a i l e d  c o r r e l a t i o n  w ork  r e q u i r e d  by a  

m in in g  i n d u s t r y .  P l a n t s  do p r o v i d e  u s e f u l  d a t a  i n  b r o a d  

c o r r e l a t i o n  w ork  b u t  n e e d  t o  be u s e d  i n  c o n j u n c t i o n  w i t h  

o t h e r  l i n e s  o f  e v i d e n c e .  I t  m u s t  h av e  b e e n  i n  a t t e m p t i n g  

t o  combine p a l a e o b o t a n y  w i t h  o t h e r  pa r a m e t e r s  t h a t  D ix  a n d  

Trueman p r o n o s e d  t h e i r  t h r e e - f o l d  s u b d i v i s i o n  i n  1 9 3 7 .

T h i s  s u b d i v i s i o n  c o m b in e d  p a l a e o n t o l o g i c a l  e v i d e n c e  w i t h  

b r o a d  l i t h o l o g i c a l  c o n s i d e r a t i o n s ,  r e c o g n i s i n g  t h e  

V a n d e r b e c k e i  (Amman) M a r in e  Band,  t h e  C a m b r ie n se  (U p p e r  Cwm 

C o rs )  M ar ine  Band and  a  t o n m o s t  d i v i s i o n s  (U nner  U e s t n h a l i a n  

and S t e n h a n i a n ;  b a s e d  on  a  c h a n g e  f ro m  a n  a r e n a c e o u s  t o  an  

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

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

l a m e l l i b r a n c h s  ( D a v i e s  and  Truem an  1927 ) .  A g a in  s u c h  a  

scheme does  n o t  o r o v i d e  t h e  d e t a i l  n e c e s s a r y  when a t t e m p t i n g  

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

p o ly m o rp h i s m ,  w h i c h  r e s u l t s  i n  d i f f i c u l t i e s  i n  i d e n t i f i c a t i o n ;  

some s n e c i e s  f o r m s  may t r a n s g r e s s  z o n e s ;  and  s p e c i m e n s  

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

n o o r l y  ^ r e s e r v e d  o r  d i s t o r t e d  by t e c t o n i c  a c t i v i t y .  I t  i s  

o f t e n  a  t r u i s m  i n  S o u t h  U a l e s  t h a t  i t  i s  e a s i e r  t o  i d e n t i f y  

a  l a m e l l i b r a n c h  by k n o w in g  w i t h  w h i c h  seam i t  i s  a s s o c i a t e d ,  

t h a n  t o  i d e n t i f y  t h e  l a m e l l i b r a n c h s  f o u n d  i n  t h e  r o o f .  The 

n o n - m a r i n e  l a m e l l i b r a n c h  z o n e s  d o ,  h o w e v e r ,  g i v e  a  more

c l o s e l y  d e f i n e d  c o r r e l a t i o n  t h a n  n i a n t s .

________________________________ J J 7 ________



The N .G .E .  h a s  p l a y e d  a n  i m p o r t a n t _ r o l e . i n . a n a t h e r  b r a n c h  

o f  p a l a e o b o t a n y , t h a t  o f  t h e  s t u d y  o f  s p o r e s .  Balme and  

B u t t e r v . ' o r th  ( 1 9 5 1 -5 2 )  p r o d u c e d  a n  e a r l y  t h r e e - f o l d  

s u b d i v i s i o n  o f  t h e  G o a l  M e a s u r e s  w h ic h  was l a t e r  e x t e n d e d  

by B u t t e r w o r t h  and  K i l l o t  ( 1 9 5 4 -5 5  , 1 9 5 6 - 5 7 ,  I 9 6 0 ) ,  The 

f i r s t  s u b d i v i s i o n  o f  t h e  G o a l  M e a s u r e s  i n  S o u t h  W ales  w as  

a  f i v e - f o l d  s u b d i v i s i o n  p r o p o s e d  by R . IY .W i l l i am s  ( 1 9 5 6 ) ,  

a  s y s t e m  l a t e r  m o d i f i e d  by B u t t e r w o r t h  and  M i l l o t  ( 1960-^ 

and  S m i th  and  B u t t e r w o r t h  ( I 9 6 7 ) .

The u s e  o f  s c o r e s  f o r  d e t a i l e d  c o r r e l a t i o n  w ork  i s  h a m p e r e d  

by t h e  s p e c i a l i s t  t e c h n i a u e s  n e e d e d  t o  i s o l a t e  an d  r e c o g n i s e  

t h e  s n o r e s ,  w h ic h  r e s u l t s  i n  a  cumbersome l a b o r a t o r y  

programme l i m i t i n g  t h e  u s e f u l n e s s  o f  s p o r e s  o n  a day  t o  

day  b a s i s .  A more s e r i o u s  p r o b l e m  i n  S o u t h  Wales  i s  t h a t  

s P o r e s  c a n n o t  be o b t a i n e d  f ro m  c o a l s  o f  a  r a n k  h i g h e r  t h a n  

3 0 2 , so o v e r  h a l f  o f  t h e  S o u t h  ^ a l e s  G o a l f i e l d  w o u ld  be 

e x c l u d e d .  S p o re s  a r e  s o m e t im e s  o b t a i n a b l e  f r o m  t h e  r o o f  

m e a s u r e s ,  b u t  one i s  s t i l l  l e f t  w i t h  a  l e n g t h y  l a b o r a t o r y  

o p e r a t i o n .

Today ,  t h e  a c c e p t e d  and  m o s t  u s e f u l  s u b d i v i s i o n  o f  t h e  

Goal  M easu re s  i s  t h a t  b a s e d  u n o n  m a r i n e  b a n d s ,  f i r s t  

p r o p o s e d  by Jongmans  (1 9 2 8 )  an d  a d o p t e d  by t h e  G e o l o g i c a l  

S u rv e y  i n  G r e a t  B r i t a i n  i n  I 957  ( S t u b b l e f i e l d  and  T r o t t e r  ). 

The m a r in e  b a n d s  a r e  e a s i l y  r e c o g n i s e d  and o c c u r r e d  o v e r  

v e r y  l a r g e  a r e a s  a t  v i r t u a l l y  t h e  same t i m e .  Thus a  

s u b d i v i s i o n  c a n ,  and  h a s  b e e n ,  d e v i s e d ,  w h e r e b y  d i v i s i o n s  

w i t h i n  S o u th  .'»ales c a n  be e a s i l y  c o r r e l a t e d  w i t h  o t h e r  

c o a l f i e l d s  i n  G r e a t  B r i t a i n  and  e v e n  i n t o  t h e  E u r o p e a n  

m a i n l a n d ,  so w i d e s p r e a d  w e r e  t h e  m a r i n e  i n c u r s i o n s .
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The u s e f u l n e s s  o f  m a r in e  b a n d s  f o r  c o r r e l a t i o n  p u r p o s e s  

i n  t h e  S i l e s i a n  s u b s y s t e m  (Van T e c k w i j c k  I 9 6 0 ) ,  o r  

Upper  C a r b o n i f e r o u s  ( G re e n  e t  a l .  1878)  i s  r e a d i l y  s e e n  

i n  t h e  r e p o r t  by Ram sbot tom  e t  a l . ( 1 9 7 8 ) ,  w h i c h  s u m m a r i s e s  

t h e  num erous  c o r r e l a t i o n s  p r e v i o u s l y  p r o p o s e d  f o r  t h i s  

s u b d i v i s i o n  ( s e e  R i g .  2 . 3  ) .  Ram sbo t tom  e t  a l . d e m o n s t r a t e  

t h a t  t h e  m a r i n e  b a n d s  c a n  be r e c o g n i s e d  and  c o r r e l a t e d  

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

T a b le  2 ( a f t e r  Ram sbot tom  e t  a l . 1973)  i l l u s t r a t e s  how t h e  

s t a n d a r d  immes f o r  t h e  m a r i n e  b a n d s  o f  t h e  S i l e s i a n  a r e  

r e a d i l y  a p p l i e d  t o  c o a l f i e l d s  w h i c h  a r e  g e o g r a p h i c a l l y  

d i s t a n t .  The S o u t h  Wales and  Y o r k s h i r e  C o a l f i e l d s  a l s o  

have  p a l a e o g e o g r a p h i o  d i f f e r e n c e s  i n  t h a t  t h e  S o u t h  Wales  

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

( 1 9 7 7 ) ,  w h e r e a s  t h e  Y o r k s h i r e  G o a l f i e l d  l i e s  t o  t h e  n o r t h  

o f  t h e  a n c i e n t  W a l e s - B r a b a n t  I s l a n d  i n  t h e  P e n n i n e  P r o v i n c e  

( G a l v e r  1969)  ( R i g . 2 . 4  ).

TABLE 2 .  C o r r e l a t i o n  o f  t h e  Main  'W e s t p h a l i a n  M a r in e  Bands

S t a n d a r d  Uam.es S o u t h  Wales ITames Y o r k s h i r e  Uames

C am b r ien se  M.B. 

A egiranum  M.B. 

V a n d e r b e c k e i  M.B. 

A maliae  M.B.

L i s t e r i  M.B.

S u b c re n a tu m  M.B.

U p p e r  Cwm Gors  M.B, 

C e f n  Coed M.B. 

Amman M.B.

Marg am 5 M.S.

C e f n  G r ib b w r  M.B.

S u b c r e n a t u m  M.B.

Top M.B.

M a n s f i e l d  M.B.

C la y  G r o s s  M.B.

M o r to n  M.B.

A l t o n  (Hard  Bed 
M.B. )

P o t  C lay  M.B.
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•Thus, u s in g . .m a r i n e  bands  t h e  c o a l f i e l d s  o f  W e s te rn  Europe  

can be c o r r e l a t e d  i n  d e t a i l .  Ror  exam ple ,  i t  i s  g e n e r a l l y  

a c ce p ted  t h a t  t h e  Aegiranum  M ar ine  Band c a n  be c o r r e l a t e d  

w i th  t h e  A e g i r  M ar ine  Band i n  Germany and t h e  V a n d e r b e c k e i  

Marine Band w i t h  t h e  K a t h a r i n a .

To b u i l d  up a  c o m p le t e  c o r r e l a t i o n  f o r  t h e  S i l e s i a n  s u b 

system o t h e r  c r i t e r i a  m u s t  be u s e d  i n  t h e  a b s e n c e  o f  m a r in e  

bands . I n  t h e  G oal  M easu res  o f  S o u th  Wales t h e  u p p e r  

d i v i s i o n  ( t h e  Upper  C o a l  M easu re s  o r  Upper W e s t p h a l i a n  C 

and W e s t p h a l i a n  D d i v i s i o n s )  a r e  d e v o id  o f  m a r in e  b a n d s ,  

and have to  be c o r r e l a t e d  u s i n g  o t h e r  p a r a m e t e r s .

Having e s t a b l i s h e d  a  c o r r e l a t i o n  f o r  t h e  C o a l -M e a su re s  o f  

,7estern Europe i t  c a n  be e x t e n d e d  f u r t h e r  a f i e l d  a c r o s s  t h e  

N o r th e rn  H e m isp h e re .  V a r i o u s  n a t i o n a l  and i n t e r n a t i o n a l  

com m it tees ,  c o m m iss io n s  and  c o n g r e s s e s  s t i l l  d e b a t e  t h e  

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

the Goal M easures  betxveen W e s te rn  E u ro p e ,  t h e  U . S . 3 . R .  and 

the U .S .A .  i s  shown i n  R i g . 2 . 5 .  Because  a u t h o r s  s t i l l  

d i scu s s  t h e  d e t a i l s  o f  s u c h  c o r r e l a t i o n s  w i t h i n  t h e i r  own 

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

Measures may be amended i n  t h e  f u t u r e ,  a l t h o u g h  i t  

d em o n s t ra te s  t h a t  s u c h  c o r r e l a t i o n s  ca n  be u n d e r t a l c e n .

In u n d e r t a k i n g  t h e  d e t a i l e d  c o r r e l a t i o n s  n e c e s s a r y  w i t h i n  

the r e l a t i v e l y  s m a l l  a r e a  em braced  i n  t h i s  p r e s e n t  s t u d y ,  

marine bands  were  f o u n d  t o  be e x t r e m e l y  u s e f u l  i n  c o n s t r u c t i n g  

the b a s i c  f ram e w o rk .  I n  t h e  f i e l d  t h e y  a r e  e a s y  t o  r e c o g n i s e  

and can a l s o  be d e t e c t e d  on g e o p h y s i c a l  p r i n t o u t s  f ro m  

sondes m e a s u r in g  n a t u r a l  gamma r a y  e m i s s i o n s  (Reeves  1971 ,

2 0
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B r i t i s h  P l a s t e r  B o a r d s  1 9 8 1 )  a s  a  s t r o n g  p o s i t i v e  r e s p o n s e .  

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

o f  m a r in e  b a n d s  and  t h e  gamma r e s u l t s  f r o m  s u r v e y s  u s i n g  

s o n d e s  f ro m  B r i t i s h  P l a s t e r  B o a r d  I n s t r u m e n t s  L t d .  was  

o b s e r v e d  by t h i s  a u t h o r  i n  t h e  T r e f o r g a n  e x p l o r a t i o n  

p rogram m e.  T h u s ,  t h e  m a r i n e  b a n d s  n o t  o n l y  p r o v i d e  a  

b r o a d  f r a m e w o r k  f o r  t h e  G o a l  M e a s u r e s  b u t  c a n  be u s e d  d a i l y  

f o r  t h e  d e t a i l e d  c o r r e l a t i o n  w o rk  n e c e s s a r y  t o  a  l a r g e  

m in in g  i n d u s t r y ,  a l t h o u g h  t h e y  a r e  t o o  f a r  a p a r t  i n  some 

P a r t s  o f  t h e  s e n u e n c e  t o  be o f  u s e  f o r  d e t a i l e d  w o r k .

A p a r t  f rom  t h e  G a m b r i e n s e  (U p p e r  Gwm G o rs )  an d  V a n d e r b e c k e i  

(Amman) i . i a r in e  B a n d s ,  w h i c h  m ark  t h e  t h r e e - f o l d  d i v i s i o n  o f  

t h e  Goal  M e a s u r e s ,  t h e r e  w e r e  s e v e r a l  o t h e r  m a r i n e  i n c u r s i o n s ,  

some o f  w h ic h  a l s o  o c c u r r e d  i n v o t h e r  B r i t i s h  C o a l f i e l d s ,  

some o f  w h i c h  c a n  be r e c o g n i s e d  a c r o s s . S o u t h  w a l e s  and  o t h e r s  

o f  'Which a r e  l o c a l i s e d  t o  t h e  s o u t h e r n  o r  w e s t e r n  p a r t s  o f  

t h e  c o a l f i e l d .

I n  c o n s t r i a c t i n g  t h e  d e t a i l e d  c o r r e l a t i o n  o f  seam s u s e d  i n  t h i s  

s t u d y  a  num ber  o f  l i n e s  o f  e v i d e n c e  w e r e  u s e d ,  t h e s e  i n c l u d e  

m a r in e  b a n d s ,  l a m e l l i b r a n c h  ( o r  ’m u s s e l ’ ) b a n d s , t h e  

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

c y c l o t h e r a s  o r  s m a l l  g r o u p s  o f  c y c l o t h e m s ,  and t h e  s t r u c t u r e  

and c h e m i s t r y  o f  c o a l  s e a m s .
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2.3 C r i t e r i a  Used F o r  C o r r e l a t i o n

The t e c h n i q u e s  u s e d  i n  c o r r e l a t i n g  t h e  C o a l  M e a su re s  a c r o s s  

G r e a t  B r i t a i n  and  w e s t e r n  E u ro p e  have  b e e n  b r i e f l y  r e v i e w e d  

i n  t h e  f o r e g o i n g  s e c t i o n .  I n  c o r r e l a t i n g  o l d  m in in g  

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

g ro u n d  w o r k i n g s  v a r i o u s  c r i t e r i a  w ere  u s e d  i n  an  a t t e m p t  t o  

i d e n t i f y  and name v i r t u a l l y  e v e r y  c o a l  seam o r  s e a t e a r t h  

h o r i z o n  o b s e r v e d .  I n  a t t e m p t i n g  t o  c o r r e l a t e  i n  s u c h  

d e t a i l  a l m o s t  e v e r y  a v a i l a b l e  p i e c e  o f  i n f o r m a t i o n  f ro m  a  

number  o f  s o u r c e s  was u s e d ,  and  a  g r e a t  v a r i e t y  o f  p a r a m e t e r s  

w e re  ex am in ed .

At t h e  commencement o f  t h e  e x p l o r a t i o n  programme a t  T r e f o r g a n  

C o l l i e r y  i n  1975 t h e r e  e x i s t e d  t h e  r e c o r d s  o f  s c a t t e r e d  

mine w o r k i n g s  and t h e  r e s u l t s  o f  two b o r e h o l e s  d r i l l e d  i n  

1952  ( F i g . 2 . 6 ) .  .Vhen t h e  e x i s t i n g  d a t a  was c o l l a t e d  i t  was 

s t i l l  n o t  p o s s i b l e  t o  c o m p i l e  a  s t r a t i g r a p h i e  co lum n f o r  

t h i s  a r e a  o f  t h e  c o a l f i e l d .  B ecause  o f  t e c t o n i c  d i s l o c a t i o n s  

and a  c om plex  s e d i m e n t a r y  h i s t o r y  r e s u l t i n g  i n  r a p i d  

l a t e r a l  v a r i a t i o n s  i n  l i t h o f a c i e s  and seam s p l i t t i n g , .  " 

p r e v i o u s  a t t e m p t s  a t  d e t a i l e d  c o r r e l a t i o n  i n  t h i s  a r e a  

( p r i n c i p a l l y  R o b e r t s o n  1932)  w e r e  i n a c c u r a t e .

C l e a r l y  t h e  d e t a i l s  o f  t h e  s e q u e n c e  i n  t h i s  a r e a  n e e d e d  t o  

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

e x p l o r a t i o n  programme w h i c h  commenced i n  1975 and t h e n c e  t o  

p r o d u c e  a  s t r u c t u r a l  i n t e r p r e t a t i o n .  The p r o b le m ,  s i m p l y  

was t h a t  t h e  1975 e x p l o r a t i o n  programme was n e e d e d  t o  

c o n s t r u c t  a  d e t a i l e d  s t r a t i g r a p h i e  co lum n.
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The p ro b le m  c a n  be i l l u s t r a t e d  by c o m p a r i n g  T r e f o r g a n  

B o r e h o l e s  2 and  4 ( P i g , 2 . 7 )  w h e r e  t h e  i n t e r v a l  f r o m  t h e  

P o r a m i n i f e r a  M a r in e  Band t o  t h e  r o o f  o f  t h e  Nine P e e t  beam 

i s  283m. and  290m. r e s p e c t i v e l y .  The 7 m e t r e s  ( 2 . 5 ^  o f  

t h i s  p o r t i o n  o f  t h e  s e q u e n c e )  m i g h t  be a c c o u n t e d  f o r  by 

s e d i m e n t a r y  v a r i a t i o n  i n  two s e c t i o n s  a l m o s t  3km a ^ a r t  a n d  

e m b r a c in g  26 c y c l o t h e n s .  T h i s  a p p a r e n t  c l o s e  s i m i l a r i t y  

o f  t h e  two s e c t i o n s  o f  t h e  M id d le  G oa l  M e a s u r e s  h i d e s  a 

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

l7/;o b o r e h o l e s  ( P i g . 2 . 7  ).

The d i f f i c u l t y  o f  c o r r e l a t i n g  seam s  i n  a n  a r e a  so d i s t u r b e d  

by i t ’ s t e c t o n i c  h i s t o r y  c a n  be s e e n  i n  P i g . 2 . 8 .  w h e re  a  

s h o r t  s e c t i o n  f ro m  T r e f o r g a n  B o r e h o l e s  5 and  6 a r e  

i l l u s t r a t e d  t o g e t h e r  w i t h  t h e  c o r r e l a t i o n  o f  s eam s .

The above  d e m o n s t r a t e  t h e  d i f f i c u l t y  i n  d r a w i n g  i s o p a c h y t e  

P l a n s  f o r  seam i n t e r v a l s  i n  t h i s  a r e a ,  o r  i s o p a c h y t e  p l a n s  

f o r  s u b d i v i s i o n s  o f  t h e  G o a l  M e a s u r e s .  A. l e n g t h y  a n d  t e d i o u s  

a s s e s s m e n t  w o u ld  h a v e  t o  be  made t o  n e g a t e  t h e  e f f e c t s  o f  

s t r u c t u r e  a t  e a c h  r e f e r e n c e  p o i n t ,  w h e t h e r  t h i s  be a  b o r e 

h o l e ,  o r  a  p o i n t  o f  c o m p a r i s o n  o n  two seam p l a n s .  I t  a l s o  

d e m o n s t r a t e s  t h e  d i f f i c u l t y  i n  u t i l i s i n g  t h e  r e s u l t s  f r o m  

t h e  two D u l a i s  V a l l e y  B o r e h o l e s  d r i l l e d  i n  1 9 5 2 ,  t h e  r e c o r d s  

o f  w h ich  c o n t a i n  v e r y  l i t t l e  f a u n a l  i n f o r m a t i o n  a n d  no 

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

I n  a t t e m p t i n g  t o  c o r r e l a t e  seams a n d  c o m p i l e  a  t y p i c a l  

s t r a t i g r a p h i e  co lu m n  f o r  t h i s  a r e a  a  c o m p a r i s o n  was made o f  

s h o r t  l e n g t h s  o f  b o r e h o l e s  w h i c h  a p p a r e n t l y  c o n t a i n e d  no
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Comparative S e c t io n s  Of T reforgan  B o r e h o le s  
To I l lu s tr a te  The Problem s Of Seam  C o rre la t io n .
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s t r u c t u r a l  d e f o r m a t i o n .  T h e se  w e r e  p i e c e d  t o g e t h e r  w i t h  

t h e  m a r in e  b ands  i d e n t i f i e d  i n  t h e  d r i l l i n g  r e s u l t s  t o  

c r e a t e  a  f r a m e w o rk  a r o u n d  w h i c h  t h e  d e t a i l s  o f  t h e  s e a u e n c e  

c o u l d  be i n t e r p r e t e d .  M a r in e  b a n d s  w e re  i d e n t i f i e d  by t h e  

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

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

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

p y r i t e s .

The o c c u r r e n c e  o f  P l a n o l i t e s o p h t h a l m o i d e s  was t a k e n  t o  

r e p r e s e n t  e s t u a r i n e  c o n d i t i o n s ,  and  t o  i n d i c a t e  t h e  o n s e t  

o f  m a r in e  c o n d i t i o n s  ( G a l v e r  1969 ). I n  many i n s t a n c e s  t h e  

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

c o a l f i e l d  ( J i r c h e r  19 5 8 ;  W oodland an d  Evans  1964-) 

w ere  r e p r e s e n t e d  by  t h e  o c c u r r e n c e  o f  P l a n o l i t e s  

o p h t h a l m o i d e s  and  a b u n d a n t  p y r i t e s  o n l y  i n  t h i s  a r e a .  The 

a r e a  o f  t h i s  s t u d y  i s  s i t u a t e d  a t  t h e  n o r t h e r n  m a r g i n  o f  

t h e  S o u th  h’a l e s  G o a l f i e l d ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  w h i l s t  

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

(Amman) LI.B. u p w a r d s  h a v e  b e e n  r e c o g n i s e d  i n  t h i s ,  s t u d y ,  

some o f  t h e  m a r i n e  i n c u r s i o n s  d i d  n o t  a d v a n c e  t h i s  f a r  n o r t h 

w a rd s  .

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

be i d e n t i f i e d  u s i n g  gamma g e o p h y s i c a l  s u r v e y s ,  w h e re  a  

s t r o n g  P o s i t i v e  k i c k  i n  t h e  t r a c e  f o r  b a c k g r o u n d  gamma 

e m i s s i o n s  m arked  t h e  p o s i t i o n  o f  a l l  m a r i n e  h o r i z o n s .

H av ing  e s t a b l i s h e d  a  f r a m e w o r k ,  t h e  i n d i v i d u a l  seam s w e re  

c o r r e l a t e d  u s i n g  a v a r i e t y  o f  P a r a m e t e r s .  The o c c u r r e n c e  

o f  f o s s i l s  was s o m e t im e s  i n d i c a t i v e ,  e . g .  E u e s t h e r i a  s p ,
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Comparative Sections Of Treforgan Boreholes  
To Illustrate Ttie Influence Of SedimentoloQV And 

Tectonics Upon D eta iled  Seam C orrelation.
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o c c u r s  i n  t h i s  a r e a  o n l y  on  t h e  Red V e i n ,  a b o v e  t h e  

A eg i ra n u m  (G e fn  Goed) M a r i n e  Band a n d  a b o v e  t h e  U p p er  b i x  

B e e t  Seam. A g a i n ,  t h e  m e a s u r e s  i m m e d i a t e l y  b e lo w  t h e  

U p p er  N ine  P e e t  Seam a r e  t y p i c a l l y  d a r k ,  s i l t y  an d  c o n t a i n  

v e r y  w e l l  p r e s e r v e d  N e u r o p t e r i s  f r o n d s ,  w h i l e  t h e  r o o f  

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

o f  p l a n t s .  O t h e r  seam s t y p i c a l l y  h a v e  l a m e l l i b r a n c h s  i n  

t h e  r o o f ,  e . g .  t h e  Lower Tv;o P e e t  N i n e  Seam ( P e n n y p i e c e s  ) , 

w h i l e  o t h e r  seam s  g e n e r a l l y  do n o t  h a v e  m u s s e l  b a n d s  i n

t h e  r o o f  i n  t h i s  a r e a  e . g .  G r a i g o g  Seam.

Seam s t r u c t u r e  was  a l s o  i n d i c a t i v e ,  t h e  t y p i c a l l y  ' t w o - c o a l *  

s e c t i o n  o f  t h e  Lower P i n c h i n  Seam w i t h  some a s s o c i a t e d  

s t r e a k s  o f  c o a l  make t h e  seam  r e c o g n i s a b l e  ( P i g .  2 . 3 5 ) .

The c a n n e  1 c o a l  f o r m i n g  t h e  t o p  0 .0 1 m  t o  0 .03m o f  t h e  

Lower Red ( H a m l o  ) Seam, t o g e t h e r  w i t h  t h e  o v e r a l l  

t h i c k n e s s  ( a r o u n d  0 . 25m ) a n d  a  v e r y  h i g h  m e th a n e  d i s c h a r g e  

r a t e  a l l o w s  t h i s  seam t o  be r e c o g n i s e d .

The Lower  P e n t r e  Seam c o n t a i n s  a  t h i n  t o n s t e i n  b a n d  w h i c h

was i d e n t i f i e d  i n  t h e  c o r e s  o f  some b o r e h o l e s  a n d  a l s o  

u n d e r g r o u n d ,  i t  may a l s o  be r e c o g n i s e d  o n  t h e  n a t u r a l  gamma 

l o g  by a n  o f f - t h e - s c a l e  p o s i t i v e  r e s p o n s e .

The Yard Seam u s u a l l y  h a s  a  s a n d y  f l o o r  w i t h  an  u n d e r 

l y i n g  cycLJhem  w h i c h  c o a r s e n s  u p w a r d s . The seam i s  

t y p i c a l l y  t h i n ,  w i t h  a  two c o a l  s e c t i o n  t o t a l l i n g  no more  

t h a n  0 .60m  , b u t  t h e  a s h  c o n t e n t  i s  v e r y  l o w ,  l e s s  t h a n  2%  

and  was t h e  l o w e s t  i n  t h e  w h o l e  e x p l o r a t i o n  p rog ram m e.  On 

t h e  o t h e r  h a n d  t h e  Lower P i v e  P e e t  Seam ( t h e  R h y d ) c a n  

a lw a y s  be i d e n t i f i e d  by i t s  h i g h  s u l p h u r  c o n t e n t ,  n o r m a l l y  

i n  e x c e s s  o f  2 ^ .
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The S i x  P e e t  Seam i s  s p l i t  i n  t h i s  a r e a ,  b u t  t h e  f o u r  c o a l  

h o r i z o n s  w h i c h  c o m p r i s e  t h e  t o t a l  p r e s e n c e  o f  t h e  S i x  P e e t  

Seam a r e  r e a d i l y  r e c o g n i s e d  w hen  s e e n  a s  a g r o u n  o f  

c y c l o t h e m s  (S ee  P i g . 2 . 2 3  ).

Thus  a  s e q u e n c e  was e s t a b l i s h e d ,  b a s e d  o n  t h e  f r a m e w o r k  o f  

o f  t h e  m a r i n e  b a n d s ,  and  b u i l t  up  u s i n g  p a l a e o n t o l o g y , 

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

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

o f  t h e m ,  t h e  m a j o r i t y  o f  seam s  and  seam h o r i z o n s  w e r e  

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

t o  be made f o r  e a c h  b o r e h o l e .  Some p r o b le m s  r e m a i n e d  

u n s o l v e d  u n t i l  t h e  d r i v a g e s  a t  T r e f o r g a n  C o l l i e r y  w e re  

l o g g e d .

S e v e r a l  p r o b le m s  w e r e  t h e n  r e s o l v e d  when seams and  c y c l o t h e m s  

w e re  e xam ined  u n d e r g r o u n d  i n  u n d i s t u r b e d  c o n d i t i o n s .

I t i r t h e r ,  m e a s u r e s  c a n  be e x a m in e d  i n  much more d e t a i l  

u n d e r g r o u n d  r a t h e r  t h a n  i n  a  0 . 07m d i a m e t e r  c o r e  s a m p l e .

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

w ere  r e v i e w e d ,  a l l o w i n g  a l l  c o a l s  t o  be i d e n t i f i e d .  I n  

t u r n  t h i s  a l l o w e d  t h e  s t r u c t u r a l  i n t e r p r e t a t i o n  t o  be 

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

c o n t o u r  p l a n s ,  w h i c h  a r e  p r e s e n t e d  i n  t h i s  t h e s i s .
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2 . 4 .  Summary Of S t r a t i g r a p h y  I n  A r e a  Of S t u d y

The a r e a  o f  s t u d y  i s  u n d e r l a i n  by  C o a l  M e a s u r e s  i n c l u d i n g  

t h e  u p p e r  p a r t  o f  t h e  Lower  C o a l  M e a s u r e s ,  a l l  t h e  M id d le  

C o a l  M e a s u r e s  a n d  t h e  l o w e r  p a r t  o f  t h e  U p p e r  C o a l  

m e a s u r e s  ( P i g . 2 . 9 ) .  T h e s e  r e s t  o n  t h e  o l d e s t  p o r t i o n  o f  

t h e  Lower  C o a l  M e a s u r e s ,  w h i c h  i n  t u r n ,  r e s t s  o n  N a m u r i a n ,  

A v o n ia n  a n d  D e v o n i a n  b e d s , n o n e  o f  w h i c h  a r e  i n c l u d e d  i n  

t h i s  s t u d y .  W h i l s t  t h e  s t u d y  s p a n s  t h e  s t r a t a  f r o m  t h e  

Garw Seam (Low er  C o a l  M e a s u r e s )  u p  t o  t h e  Hughes  V e in  

(U p p e r  C o a l  M e a s u r e s )  m o s t  o f  t h e  new e v i d e n c e  c o l l e c t e d  

i n  t h e  l a s t  10  y e a r s  h a s  b e e n  u s e d  t o  e s t a b l i s h  a  d e t a i l e d  

s e a u e n c e  f r o m  t h e  V a n d e r b e c k e i  (Amman ) I ^ r i n e "  Band t o  - t h e  

Red V e in .  W h i l s t  much o f  t h i s  s t u d y  c o n c e n t r a t e s  o n  t h i s  

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

and  b e lo w  w i l l  b e  commented  u p o n  w h e r e v e r  a p p r o p r i a t e  

a n d  t h e  N o . 2 R ho n d d a  Seam i s  o n e  o f  t h e  t h r e e  r e f e r e n c e  

d a tu m s  t a k e n  f o r  t h e  s t r u c t u r a l  r e v i e w .

p . 4 . 1  Lower  C o a l  M e a s u r e s

The Lower C o a l  M e a s u r e s  l i e  a b o v e  t h e  b a s e  o f  t h e  

C a s t r i o c e r a s  s u b c r e n a t u m  M a r i n e  B a n d ,  (Longmans 1 9 2 8 ;  

S t u b b l e f i e l d  a n d  T r o t t e r  1 9 5 7 )  a n d  i n c l u d e  t h e  s t r a t a  u p  

t o  t h e  b a s e  o f  t h e  V a n d e r b e c k e i  (Amman) M a r i n e  Band .  L i t h 

i n  t h e  p r e s e n t  s t u d y ,  n o n e  o f  t h e  e x p l o r a t i o n  w e n t  b e lo w  

t h e  Garw ( C n a p i o g )  Seam; t h e  s e q u e n c e  p r o v e d  i n c l u d e s  

a p p r o x i m a t e l y  150m. o f  s t r a t a  ( P i g . 2 . 1 0  ) .  S e v e r a l  c o a l  

seam s w e r e  e n c o u n t e r e d ,  m o s t  o f  w h i c h  a r e  t h i n  a n d  

u n w o r k a b l e  by P r e s e n t  d ay  c r i t e r i a .  A l l  c o a l s  o v e r l i e  

s e a t e a r t h s  m o s t  o f  w h i c h  a r e  t h i n  i n  t h i s  p a r t  o f  t h e

s e q u e n c e ;  a n d  w i t h  t h e  e x c e p t i o n  o f  t h e  Garw Seam, a l l  c o a l s

27.
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r

have a mudstone r o o f ;  t h e  Oarw Seam a lo n e  has  a s a n d s to n e  

roof.  In d eed ,  s e v e r a l  o f  t h e  c yc lo them s  c o n t a i n  no s a n d 

stone a t  a l l  and i t  i s  o n ly  t h e  t h r e e  cyc lo them s  between 

the Lower d e l l i d e g  Seam and th e  Garw Seam which a r e  

Predominantly  s a n d s t o n e .

Of th e se  t h r e e  cyc lo th em s  o n ly  t h e  Garw Seam h o r i z o n  

a c tu a l ly  c o n t a i n s  a  c o a l  seam, t h e  c o a l  h o r i z o n  i n  t h e  

other  two cyc lo them s  i s  r e p r e s e n t e d  by a s e a t e a r t h  w i t h  

only s t r e a k s  o f  c o a l .

Although many o f  t h e  t h i n  c o a l s  i n  t h i s  p a r t  o f  t h e  sequence  

have been worked somewhere w i t h i n  th e  a r e a  o f  s t u d y ,  none 

have been worked e x t e n s i v e l y ,  and none have been worked i n  

recen t  y e a r s .  In  a l l  c a s e s  w ork ings  have been l i m i t e d  to  

very sm a l l  a r e a s ,  t h e  seams p r o v in g  to  be too  t h i n  to  be 

economic even f o r  t h e  v e ry  s e l e c t i v e  methods employed by 

pre-war min ing  t e c h n i q u e s .  Thus ,  a n a r t  from r e c e n t  b o r e 

holes t h e r e  i s  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  f o r  t h e s e  

measures.  No m ar ine  bands o c c u r  between th e  Garw Seam and 

the Vanderbeckei  (Amman) K a r in e  Band.

2.4.2 Middle Coal Measures

Approximately 400m o f  s t r a t a  c o n t a i n  most  o f  t h e  economic

a l ly  i m p o r t a n t  seams. V i th  t h e  e x c e p t i o n  o f  t h e  N o .2 

Rhondda Seam (Upper Goal M easures)  which i s  e x t e n s i v e l y  

worked a t  B la en a n t  C o l l i e r y ,  a lm o s t  a l l  t h e  seams e x p l o i t e d  

since the  n a t i o n a l i s a t i o n  o f  t h e  m in ing  i n d u s t r y  l i e  w i t h i n  

th is  d i v i s i o n  o f  t h e  Coal M easures .

The lower 150m c o n t a i n s  t h e  seams. f r o m  t h e  B u t e  u p  t o  t h e

Z 8
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r
Tv/o P e e t  Nine o e a n ,  c o a l s  w h ic h  make up t h e  u n p e r  h a l f  

of the  'Main  P r o d u c t i v e  M e a s u r e s '  ( P i g , 2 .1 1  ) ,  A l l  t h e s e  

seams have b e en  w orked  i n  r e c e n t  y e a r s , m o s t  o f  them 

e x t e n s i v e l y .  C u r r e n t  deep  mine w o rk in g s  w i t h i n  t h e  a r e a  

of s tu d y  a r e  c o n c e n t r a t e d  i n  t h e  Bute and t h e  Nine P e e t  

Seams t h e  l a t t e r  b e i n g  t h e  t h i c k e s t  seam i n  t h e  a r e a  

sometimes b e i n g  more t h a n  ]m. t h i c k .  S e a t e a r t h s  w i t h i n  

the 150m. band t e n d  t o  be w e l l  d e v e l o p e d  and t h i c k .  Sand

s tones  a r e  u r e d o m i n a n t , o f t e n  o c c u p y in g  m ost  o f  t h e  

cyclothera,  som et im es  s t r e t c h i n g  from one s e a t e a r t h  down 

to the  r o o f  o f  t h e  n e x t  c o a l  be lo w .  The s a n d s t o n e s  a r e  

very v a r i a b l e  i n  t h i c k n e s s  and a r e  n o t  alvvays p r e s e n t ,  

they r e p r e s e n t  b r a i d e d  s t r e a m  and d e l t a  f a n  s e d i m e n t a t i o n  

( K e l l in g  1976)  a s  o n p o se d  t o  s h e e t  s a n d s t o n e .

iVithin t h e  250m. b e tw e e n  t h e  Two P e e t  Nine Seam and t h e  

Oambriense (Unner  Gwm S o r s )  M ar ine  Band seams a r e  g e n e r a l l y  

t h i n n e r ,  as  a r e  t h e  u n d e r l y i n g  s e a t e a r t h s  ( P i g . 2 .1 2  ).

S ev e ra l  c y c lo th e m s  do n o t  c o n t a i n  c o a l  a t  t h e  c o a l  h o r i z o n s ,  

but a s e a t e a r t h  o n l y .  The Red Vein i s  t h e  o n ly  seam from  

t h i s  s u b d i v i s i o n  o f  t h e  Goal  M easures  w h ich  has  b ee n  

e x t e n s i v e l y  worked  by t h e  N .G .B .  i n  t h i s  a r e a .  S a n d s to n e s  

are i m p o r t a n t  i n  t h i s  p a r t  o f  t h e  s e a u e n c e ,  a l t h o u g h  some 

cyclo thems a r e  d e v o i d  o f  s a n d s t o n e s .

The Middle  Goal  M easures  c o n t a i n  s e v e n  p r e v i o u s l y  docum ented  

and p o s s i b l y  as  many as  n i n e  m a r in e  b a n d s .  Only th e^  

Vanderbecke i  (Amman), Aegiranum (Gefn Goed) and  t h e  

P o r a m i n i f e r a  M arine  Bands have  y i e l d e d  m a r in e  f o s s i l s  to  

date  i n  t h i s  p a r t  o f  t h e  G o a l f i e l d .  The r e m a i n i n g  m ar in e  

■ bands a r e  i d e n t i f i e d  o n l y  by t h e  P r e s e n c e  o f  p y r i t e  i n  t h e

2 9
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roof m easures  i m m e d ia t e ly  above  t h e  c o a l  seam s,  som et im es  

with P l a n o l i t e s  o p h t h a l m o i d e s , and by a  h i g h  n a t u r a l  gamma 

count on t h e  g e o p h y s i c a l  l o g s .

2.4.3 Uucer Goal M easures

Only th e  lo w e r  p a r t  o f  t h e  Upner  Goal M easures  i s  

r e n re s e n te d  w i t h i n  t h e  a r e a  o f  s t u d y ,  nam ely  t h e  L l y n f i  

Beds, t h e  Rhondda Beds and  t h e  E r i t h d i r  Beds w h ich  c o m p r i s e  

the W e s tp h a l ia n  G d i v i s i o n  o f  t h e  Goal  M easures  ( R i g . 2 .1 3  

and 2 .14  ). Most c o a l s  a r e  t h i n ,  o n ly  t h e  Lower P i n c h i n  and 

Ho.2 Rhondda Seams a r e  t h i c k  enough t o  work a t  p r e s e n t  and 

j of t h o se  t h e  f o r m e r  i s  g e n e r a l l y  to o  d i r t y  and v a r i a b l e  i n
I

th ick n e ss  t o  be w i d e l y  e x p l o i t e d .

Sandstones a r e  t h e  d o m in a n t  l i t h o l o g y  i n  many c y c l o t h e m s ,  

sometimes o c c u p y in g  t h e  w ho le  c y c lo th e m  w i t h  t h e  e x c e p t i o n  

of the  c o a l  seam i t s e l f .  T h e re  a r e  no m a r in e  bands  and 

mudstones a r e  o f t e n  s u b o r d i n a t e .

2.5 D e ta i l s  Of S t r a t i g r a p h y  I n  A rea  Of S tudy

2.5.1 Lower Goal M easures

Most e x p l o r a t i o n  i n  t h e  D u l a i s  and N ea th  V a l l e y s  h a s  n o t  

p e n e t r a t e d  down i n t o  t h e  Lower Goal  M easures  b e c a u s e  t h e  

Bute Seam i s  t h e  l o w e s t  econom ic  c o a l  and  t h a t  l i e s  a  s h o r t  

d i s t a n c e  above t h e  V a n d e r b e c k e i  (Amman) M ar ine  Band.

V i r t u a l l y  a l l  e x p l o r a t i o n  s t o p s  a t  t h i s  m a r in e  band w h ich

i s  a u s e f u l  m a rk e r  h o r i z o n .  However ,  t h e  Lower Goal  

Measures were examined i n  some o f  t h e  deep  b o r e h o l e s  from 

the s u r f a c e  i n  t h e  a r e a ,  a s  w e l l  as  i n  e x p l o r a t i o n  b o r e h o l e s

3 0
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STRATIGRAPHIC SECTIONS FROM PROVINGS IN THE DULAIS VALLEY. 
-SECTIONS DRAWN WITH EFFECTS OF TECTONICS REMOVED -  

UPPER PINCHIN SEAM TO HUGHES VEIN.

TREFORGAN
B.H.5

B L A E N A N T
B.H.2

BLAENANT
B.H.3

BLAENANT
B.H.4

F I E L D
DATA

HUGHES VEIN 
GLÏNGWILyM SEAM

BRIÎHDIR RIDER SEAM 

GRAIG SEAM

0RITHOIR SEAM

M  RHONDDA SEAM

2 RHONDDA SEAM 

RANI RHYO-Y-DWR SEAM 
PAYNES SEAM

UPPER PINCHIN RIDER SEAM 
UPPER PINCHIN SEAM

I

■Im

■
i

Scale
IDOmi

5 D m  -

1Dm-
D

H a Figure 2.14



s u n k  by t h e  O n e n c a s t  E x e c u t i v e .

Only  D u l a i s  V a l l e y  B o r e h o l e  N o . 2 p e n e t r a t e d  b e lo w  t h e  G-ar*  ̂

Seam ( G n a p i o g ) .  Some 32m. o f  m e a s u r e s  w e r e  Droved, a l l  o f  

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

Droved 8m . ,2 3 m  , an d  30m. w i t h i n  a  s i n g l e  c y c l o t h e m  b e lo w  

t h e  Garw Seam.

The Garw Seam i t s e l f  i s  t h e  l o w e s t  s eam  w o r k e d  by m e c h a n i c a l  

m i n i n g  m e t h o d s .  The c o a l  v a r i e s  f r o m  0 . 23m. i n  D u l a i s  

V a l l e y  B o r e h o l e  N o . 2 0 .50m  a r o u n d  t h e  N e a t h  an d  D u l a i s

V a l l e y s  an d  i s  n o t  r e a l l y  a n  e c o n o m i c  p r o p o s i t i o n .  The r o o f  

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

t r a n c h s , P l a n o l i t e s  s d ,  a n d  f i s h  s c a l e s  ( P i g . 2 . 1 5  )• T h e s e  

m u d s to n e s  a r e  o v e r l a i n  by  a  t h i c k  c r o s s - b e d d e d  s a n d s t o n e  

w h i c h  h a s  a n  e r o s i v e  b a s e .  I n  a  m a n n e r  common w i t h i n  

c y c l o t h e m s  w i t h i n  t h i s  a r e a  t h e  s a n d s t o n e  v a r i e s  l a t e r a l l y  

i n  t h i c k n e s s ,  c o n t r o l l i n g  a l s o  t h e  t h i c k n e s s  o f  t h e  u n d e r 

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

com bined  w i t h  t h e  e f f e c t s  o f  d i f f e r e n t i a l  c o m n a c t i o n .

The m e a s u r e s  f r o m  t h e  Garw Seam up  t o  t h e  G e l l i d e g  Seam w e re  

■proved i n  D u l a i s  V a l l e y  B o r e h o l e  N o . 2 a n d  i n  T r e f o r g a n  B o r e 

h o l e  N o . 5 .  A l t h o u g h  t h e s e  b o r e h o l e s  a r e  o v e r  1km. a p a r t  t h e  

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

T he re  a r e  t h r e e  c y c l o t h e m s ,  a l t h o u g h  o n l y  t h e  l o w e r  one

c o n t a i n s  c o a l ,  t h e  Gar/;  Seam. The c o a l  h o r i z o n  o f  t h e  o t h e r

two c y c l o t h e m s  i s  r e n r e s e n t e d  by a  s e a t e a r t h  w i t h  s t r e a k s  o f

c o a l .  The c y c l o t h e m  a b o v e  t h e  Garw Seam v a r i e s  i n  t h i c k n e s s

from 15m t o  20m , a  f u n c t i o n  o f  t h e  d e v e l o p m e n t  o f  t h e

t h i c k  s a n d s t o n e  w i t h i n  t h e  c y c l o t h e m .
31.
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The m i d d l e  o f  t h e  t h r e e  c y c l o t h e m s  h a s  a  s e a t e a r t h  a t  i t ’ s 

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

P l a n o l i t e s  s n . ,  and  t h e  worm t r a i l  G o c h l i c h n u s  k o c h i , 

f i s h  s c a l e s  an d  i r o n  p y r i t e .  Some o f  t h e  m u s s e l s  b o r e  t h e  

worm S u i r o r b i s  s n . The c y c l o t h e m  becom es  c o a r s e r  g r a i n e d  

u p w a rd s  n a s s i n g  i n t o  a  s i l t s t o n e  a n d  s a n d s t o n e  and  

u l t i m a t e l y  i n t o  a  g a n i s t e r  ( s e a t e a r t h  s a n d s t o n e . )

The t o p m o s t  o f  t h e  t h r e e  c y c l o t h e m s  a g a i n  r e s t s  on  a  s e a t 

e a r t h  w i t h  no c o a l  p r e s e n t .  The s e a t e a r t h  i s  o v e r l a i n  by a  

m ud s to n e  c o n t a i n i n g  m u s s e l s  a n d  E u e s t h e r i a  s p . , t h e  c y c l o t h e m  

c o a r s e n s  u n w a r d s  i n t o  a  s i l t s t o n e  and s a n d s t o n e .  At t h e  

t o n  o f  t h i s  c y c l o t h e m  i s  t h e  l o w e r  l e a f  o f  t h e  G e l l i d e g  

Seam.

The G e l l i d e g  Seam i s  s p l i t  w i t h i n  t h i s  a r e a  i n t o  tv/o s e p a r a t e  

seams ( P i g . 2 . 1 6  ). The l o w e r  G e l l i d e g  i s  known l o c a l l y  a s  

t h e  G e l l i d e g  o r  l o w e r ,  a  seam  w h i c h  v a r i e s  f r o m  0 .72m  t o  

0 .9 7 m ,  and i s  n o r m a l l y  a  s i n g l e  l e a f  o f  c o a l ,  a l t h o u g h  a  

t h r e e  c o a l  s e c t i o n  was e n c o u n t e r e d  i n  D u l a i s  V a l l e y  B o r e 

h o l e  D o . 2 .  The seam i s  o v e r l a i n  by t h i n l y  b e d d e d  m u d s t o n e s  

w h ic h  c o n t a i n  worm t r a i l s  and  P l a n o l i t e s  s n .  T h ese  m u d s t o n e s  

a r e  o v e r l a i n  by more s i l t y  g r o u n d  w h i c h  c a n  become s a n d y , so  

t h a t  t h e  U pner  G e l l i d e g  Seam (G re y  o r  M i d d l e )  l o c a l l y  r e s t s  

on  a  s a n d s t o n e  s e a t e a r t h  g a n i s t e r .

The U noer  G e l l i d e g  Seam i s  a  t h i n n e r  c o a l ,  v a r y i n g  f r o m  

0.48m t o  0 .7 6 m .  The i m m e d i a t e  r o o f  o f  t h e  seam  i s  a  mud

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

i n t o  more  s i l t y  g r o u n d ,  w h i l e  i n  T r e f o r g a n  B o r e h o l e  D o . 5 t h e  

m os t  p r o m i n e n t  l i t h o l o g y  i s  s a n d s t o n e .  The c y c l o t h e m  i s  8m

3 2
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t h i c k  and i s  o v e r l a i n  by  t h e  l o w e s t  c o a l  o f  t h e  s t a n d a r d  P i v e  

P e e t  Seam. The s t a n d a r d  P i v e  P e e t  Seam i s  s n l i t  i n t o  t h r e e  

s e p a r a t e  seams w i t h i n  t h e  a r e a  o f  s t u d y  ( P i g . 2 . 1 7  ). The 

Lower P i v e  P e e t  Seam u s u a l l y  h a s  a  two c o a l  s e c t i o n  

t o t a l l i n g  some 0 .4 5 m ,  i t  i s  l o c a l l y  known a s  t h e  Rhyd oeam 

a n d  c o r r e l a t e s  w i t h  t h e  P i v e  q u a r t e r s  o f - t h e  M e r t h y r - 

A b e r d a r e  t y p e  a r e a .  B e in g  a  h i g h  s u l p h u r  c o a l  i t  i s  o f  

l i t t l e  e co n o m ic  v a l u e ,  a  s t a t e  o f  a f f a i r s  c o n t r i b u t e d  t o  by 

i t s  t h i n n e s s .  The c y c l o t h e m  up t o  t h e  m i d d l e  l e a f  o f  t h e  

P i v e  P e e t  Seam v a r i e s  f r o m  9m t o  15m, a l l  o f  w h i c h  i s  

n o r m a l l y  a f a i r l y  f i n e  g r a i n e d  m u d s to n e  s e q u e n c e  r i c h  i n  

w e l l  ^ r e s e r v e d  n i a n t s  i n c l u d i n g  D e u r o n t e r i s  s n . and  

C a l a m i t é s  s n . The e x c e n t i o n  i s  D u l a i s  V a l l e y  B o r e h o l e  Do. 1 ,  

w h e re  t h e  l i t h o l o g y  i s  g e n e r a l l y  s i l t y  t o  s a n d y  an d  t h e  

d o m in a n t  r o c k  t y p e  i s  a  s a n d s t o n e . The m i d d l e  l e a f  o f  t h e  

P i v e  P e e t  Seam i s  r a r e l y  t h i c k e r  t h a n  0 .05m  and  f r e q u e n t l y  

t h e  c o a l  i s  a b s e n t ,  l e a v i n g  o n l y  a  s e a t e a r t h  t o  m ark  t h e  

t o n  o f  t h e  c y c l o t h e m .  A s m a l l  4m ban d  o f  s m o o th  t o  

s l i g h t l y  s i l t y  m u d s to n e  i s  o v e r l a i n  by t h e  U n p e r  P 'ive  P e e t  

Seam. T h i s  c o a l  ( l o c a l l y  t h e  Lower B l u e r s  Seam) v a r i e s  f r o m  

0.10m t o  0 .38m  a n d  s i t s  on  a  s e a t e a r t h  r i c h  i n  d i s s e m i n a t e d  

s p h a e r o s i d e r i t e  and  i r o n s t o n e  n o d u l e s ,  t h e  l a t t e r  commonly 

h a v i n g  a n u c l e u s  o f  i r o n  n y r i t e s .

The Lower S e v e n  P e e t  Seam (U n p e r  B l u e r s  Seam) i s  s e p a r a t e d  

f ro m  t h e  U p n er  P i v e  P e e t  Seam ( P i g . 2 . 1 8  ) .  On t h e  s o u t h 

e a s t  s i d e  o f  t h e  V ale  o f  D e a t h  D i s t u r b a n o e  t h e  two seam s  

come t o g e t h e r  t o  f o r m  t h e  c o m p o s i t e  B l u e r s  Seam, w h i c h  was  

e x t e n s i v e l y  w o rk e d  i n  t h e  a r e a  o f  R h ig o s  C o l l i e r y .  H o w ev er ,  

i n  t h i s  a r e a  t h e  two seam s  a r e  s e n a r a t e d  by 16m t o  20m o f

I .
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r
s t r a t a .  The . im m ed ia te  r o o f  o f  t h e  Lower Seven P e e t  Seam i s  

a s i l t y  m uds tone  c o n t a i n i n g  o s t r a c o d s ,  m u s s e l s ,  G-yrocorte  

c a r b o n a r i a  and G o c h l i c h n u s  k o c h i , f o s s i l s  n o t  commonly f o u n d  

in  su ch  a  c o a r s e  l i t h o l o g y .

The c y c lo th e m  i s  s l i g h t l y  p u z z l i n g  b e c a u s e  o f  t h e  p r e s e n c e  

of  a s e a t e a r t h  c a r r y i n g  0 . 05m o f  c o a l  i n  t h e  m id d le  o f  i t  

i n  D u l a i s  V a l l e y  B o r e h o le  D o . l .

The s t a n d a r d  Seven  P e e t  Seam i s  a n o t h e r  seam w h ic h  i s  s n l i t  

i n t o  t h i n ,  u n w o r k a b le  c o a l s  i n  t h i s  a r e a .  The Lower S ev eh  

P ee t  Seam i s  t y p i c a l l y  a  t h r e e - c o a l  s e c t i o n  and  t h e  seam 

has b ee n  named t h e  T r i g l o i n  (T h ree  C o a l s ’ ) l o c a l l y ,  i t ’ s 

t y n i c a l  d e v e lo p m e n t  i s  d e m o n s t r a t e d  i n  D u l a i s  V a l l e y  B o r e 

hole  N o . l  ( P i g . 2 . 1 8  ). T h i s  t h r e e - c o a l  seam i s  s e p a r a t e d  

from t h e  Upper  Seven  P e e t  Seam a s  d e t a i l e d  be low .

This  n a r t  o f  t h e  s e q u e n c e  i s  r e p e a t e d  i n  T r e f o r g a n  B o r e h o l e  

No.5 by a  22m o v e r t h r u s t .  The r e p e a t e d  seam i s  a  f o u r - c o a l  

seam s e p a r a t e d  f ro m  t h e  o v e r l y i n g  Yard Seam by an u n d i s t u r b e d  

run  o f  m e a s u r e s .  I t  i s  a p p a r e n t  f ro m  T r e f o r g a n  B o r e h o le  Wo.5 

t h a t  i n  t h e  s o u t h - w e s t  o f  t h i s  a r e a  t h e  above  m e n t io n e d  

Lower Seven P e e t  Seam and t h e  o v e r l y i n g  TJpner Seven P e e t  Seam 

merge t o  fo rm  a  u n i f i e d  Seven  P e e t  Seam. U n f o r t u n a t e l y ,  

a l t h o u g h  t h i s  seam i s  1.92m t h i c k ,  o n l y  0.55m i s  c o a l .

F u r t h e r  n o r t h  and e a s t ,  t h e  p r o v i n g s  o f  t h e  Seven P e e t  Seam 

in  t h e  D u l a i s  V a l l e y  b o r e h o l e s  show i t  t o  be s p l i t  w i t h  15m 

to 18m. o f  g ro u n d  s e p a r a t i n g  t h e  two seam s .  The im m e d ia te  

r o o f  o f  t h e  Lower Seven P e e t  Seam i s  a  t h i n l y  bedded  m ud s to n e  

which p a s s e s  w i t h i n  5m i n t o  a  s i l t s t o n e  w h ich  d o m in a t e s  

the  c e n t r a l  p o r t i o n  o f  t h e  c y c l o t h e m .  Above t h e  s i l t s t o n e

3 4
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t h e  m e a s u r e s  b e g i n  t o  f i n e  u n w a r d s  i n t o  a  s i l t y  m u d s t o n e ,

o r  f u r t h e r  i n t o  a  sm o o th  m u d s t o n e .

The U nper  S e v e n  F e e t  Seam i s  0 .30m  t o  0 ,35m t h i c k ,  s o m e t im e s  

w i t h  a t h i n  (O.OSmj s t r i n g e r  c o a l  n e a r  t h e  b o t t o m  o f  t h e  

s e a t e a r t h .

The c y c l o t h e m  u n  t o  t h e  s t a n d a r d  Y ard  Seam i s  a  s h o r t  one o f  

o n l y  6m. The im m e d ia te  r o o f  o f  t h e  U n p er  S ev en  F e e t  Seam i s

a  sm ooth  m u d s t o n e ,  v /h ich  p a s s e s  t h r o u g h  a  s i l t y  m u d s to n e  and

i n t o  a  s a n d s t o n e  a s  t h e  c y c l o t h e m  becomes  more c o a r s e - g r a i n e d  

u p w a r d s .

The Y ard  Seam i s  u s u a l l y  a  t h i n ,  V n o  c o a l  seam ,  b e i n g  j u s t  

o v e r  0 .60m i n  o v e r a l l  t h i c k n e s s  and  c o n t a i n i n g  a t  l e a s t  0 . 09m 

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

be so t h i n  b e c a u s e  t h e  c o a l  i t s e l f  h ad  t h e  l o w e s t  a s h  c o n t e n t  

and  i s  n o s s i b l y  t h e  b e s t  q u a l i t y  seam i n  t h e  a r e a .

The m e a s u r e s  f ro m  t h e  f a r d  Seam u p  t o  t h e  b a s e  o f  t h e  

V a n d e r b e c k e i  (Amman ; M a r in e  Band a t  t h e  t o p  o f  t h e  Lower  G oal  

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

25 m i n  t h i c k n e s s  i t  was d i s t u r b e d  i n  a l i p o s t  e v e r y  b o r e h o l e .  

The c y c l o t h e m  i m m e d i a t e l y  ab o v e  t h e  Y ard  Seam i s  j u s t  o v e r  

om t h i c k  and seems r e a s o n a b l y  c o n s i s t e n t ,  t h e  l i t h o l o g y  

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

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

d e v o i d  o f  c o a l .

A l l  b o r e h o l e s  show a  s e a u e n c e  o f  c y c l o t h e m s  w i t h  t h i n  c o a l s  

f r o m  h e r e  up  t o  t h e  Amman Seam; and  a l l  c o n t a i n  a  h i g h  

p r o p o r t i o n  o f  s a n d s t o n e .  T h i s  n a r r o w  b an d  o f  s t r a t a  seems 

p a r t i c u l a r l y  n r o n e  t o  d i s t u r b a n c e .

3 5 __________ ____



The' Amman Seam i s  u s u a l l y  a  s n l i t  s eam ,  a  l o w e r  t h i c k e r  

c o a l  o f  a r o u n d  0 .4 0 m ,  1 .25m  o f  s e a t e a r t h  and  a  t h i n  t o p  c o a l  

o f  0 . 04m i s  a  t y p i c a l  s e c t i o n .

2 M idd le  Goal  M e a s u r e s

1 V a n d e r b e c k e i  ( Amman j M a r in e  Band To The Tvvo F e e t  Mine Seam

I t  i s  a  m a t t e r  o f  u s e f u l  p r a c t i c e  t o  g r o u p  t o g e t h e r  t h e  seam s 

f rom  t h e  Gan'/ u p  t o  t h e  Lwo F e e t  N ine  u n d e r  t h e  h e a d i n g  

’Main P r o d u c t i v e  M e a s u r e s . ’ As t h e  name s u g g e s t s ,  t h e s e  seam s 

have  p r o v i d e d  m o s t  o f  t h e  p r o d u c t i o n  o f  c o a l  i n  S o u t h  '.Vales 

s i n c e  t h e  b e g i n n i n g  o f  t h e  c e n t a r y .  I t  i s  a  m a t t e r  o f  s e c o n d  

n a t u r e  t o  a  m i n i n g  g e o l o g i s t  and  a  m a t t e r  o f  c o n v e n i e n c e  t o  

u s e  t h e  Two F e e t  N ine  Seam a s  a  b o u n d a r y .

.V i th in  t h e  a r e a  o f  s t u d y  b o t h  t h e  N ine  F e e t  Seam and  t h e  S i x  

F e e t  Seam s p l i t  w e s t w a r d s  w h i c h  r e s u l t s  i n  a  t h i c k e n i n g  o f  

t h i s  band  o f  m e a s u r e s  i n  t h e  same w e s t e r l y  d i r e c t i o n .  I n  t h e  

e a s t ,  a r o u n d  Abernergwm G o l l i e r y ,  t h e  o v e r a l l  t h i c k n e s s  i s  o f  

t n e  o r d e r  o f  ICOn. U n f o r t u n a t e l y ,  t h e  Two F e e t  N ine  Seam i s  

t h i n  i n  t h i s  a r e a  an d  h a s  n e v e r  b e e n  e x p l o r e d  n o r  e x p l o i t e d ,  

so t h a t  d e t a i l e d  i n f o r m a t i o n  o n l y  c o v e r s  t h e  g r o u n d  f ro m  t h e  

V a n d e r b e c k e i  (Amman j M a r in e  Band t o  t h e  F o u r  F e e t  Seam. 

However ,  t h e  Two F e e t  N ine  Seam i s  o n l y  a  s h o r t  d i s t a n c e  ab o v e  

t h e  F o u r  F e e t  Seam a c r o s s  t h e  w h o le  a r e a .

F>nrther  w e s t ,  i n  t h e  e x p l o r a t i o n  b o r e h o l e s  and  i n  t h e  t a k e  o f  

T r e f o r g a n  G o l l i e r y ,  t h e  same g r o u n d  i s  some 150m t h i c k .  The 

t h i c k  Nine  P e e t  Seam o f  t h e  e a s t  s p l i t s  w e s t w a r d s  i n t o  two 

t h i n n e r  c o a l s  and  t h e  i n t e r v a l  b e f w e e n  them  i n c r e a s e s  t o  

some 45m, b u t  r e a c h e s  25m i n  t h e  v i c i n i t y  o f  t h e  T r e f o r g a n

3 6



b o r e h o l e s .

A l th o u g h  t h e  i n t e r v a l  b e t w e e n  t h e  r o o f  o f  t h e  Mine F e e t  Seam 

and t h e  f l o o r  o f  t h e  S i x  F e e t  Seam r e m a i n s  f a i r l y  c o n s t a n t  

i r r e s p e c t i v e  o f  t h e  s p l i t t i n g ,  t h e  S i x  F e e t  Seam s i m i l a r l y  

s p l i t s  f ro m  a  t h i c k  c o a l  i n  t h e  e a s t  i n t o  t h i n n e r  c o a l s  i n  

t h e  w e s t  w h ic h  s p a n  some 25m o f  m e a s u r e s .

V / h i l s t  t h e  t h i c k e n i n g  o f  t h e  g r o u n d  a s s o c i a t e d  w i t h  t h e s e  tivo 

seams a c c o u n t s  f a i r l y  a c c u r a t e l y  f o r  t h e  e x t r a  t h i c k n e s s  o f  

s t r a t a  b e tw e e n  t h e  V a n d e r b e c k e i  (Amman) M ar in e  Band an d  t h e  

T\7o F e e t  Nine Seam a s  one g o e s  w e s t w a r d s ,  t h e r e  i s  a l s o  a  

v a r i a t i o n  i n  t h e  i n t e r v a l  b e tv / e e n  t h e  S i x  F e e t  Seam and  t h e  

Lower F o u r  F e e t  Seam a c r o s s  t h e  a r e a .  I n  t h e  e a s t  t h e  

i n t e r v a l  b e tv ;een  t h e  two seam s  i s  14m; i n  t h e  w e s t ,  i t  v a r i e s  

b e tw e e n  5m and 20m, a  v a r i a t i o n  w h i c h  i s  d e p e n d e n t  u p o n  t h e  

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

However ,  a l l o v / i n g  f o r  v a r i a t i o n s  t o  t h e  d e t a i l  o f  i n d i v i d u a l  

c y c l o t h e m s  and t h e i r  t h i c k n e s s  t h e r e  i s  a  g e n e r a l  t h i c k e n i n g  

o f  t h e  m e a s u r e s  b e t w e e n  t h e  V a n d e r b e c k e i  (Amman) M a r in e  Band 

and t h e  Two F e e t  Nine Seam i n  a  w e s t e r l y  d i r e c t i o n ,  w h i c h  

r e f l e c t s  t h e  s p l i t t i n g  o f  t h e  N ine  F e e t  Seam and  t h e  S i x  F e e t  

Seam.

The l o w e s t  c y c l o t h e m  i n  t h i s  s u b d i v i s i o n  o f  t h e  G o a l  M e a s u r e s  

i s  n o r m a l l y  some 8m t h i c k  and  h a s  t h e  V a n d e r b e c k e i  (Amman) 

M a r in e  Band a t  i t s  b a s e .  A l t h o u g h  c l e a r l y  r e c o g n i s a b l e ,  t h i s  

m a r i n e  band i s  g e n e r a l l y  r e p r e s e n t e d  i n  t h i s  a r e a  by o n l y  a  

few  c e n t i m e t r e s  o f  m e a s u r e s  c o n t a i n i n g  m a r i n e  f o s s i l s  t y p i c a l l y

3 7
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r
i t  i s  be tw een  0.08m and 0 . 25m t h i c k ,  a l t h o u g h  i t  was 

e x c e p t i o n a l l y  0.95m t h i c k  i n  T r e f o r g a n  B o re h o le  N o .4 .  I t  

i s  u s u a l l y  a  t h i n  bed  o f  s m o o th ,  g r e y  m uds tone  w h ic h  i s  

no rm a l ly  s l i g h t l y  c a r b o n a c e o u s .  T h i s  m a r in e  band y i e l d s  

small  L i n g u l a  s p . a l m o s t  e v e r y w h e r e  w i t h i n  t h e  a r e a  o f  s t u d y  

and a l s o  y i e l d s  f i s h  s p i n e s ,  f i s h  t e e t h  and f i s h  s c a l e s ,  

some o f  w h ic h  a r e  r e p l a c e d  w i t h  p y r i t e .  I n  T r e f o r g a n  

Borehole  N o .4 c r i n o i d  o s s i c l e s  w ere  a l s o  r e c o v e r e d .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  o b s e r v a t i o n s  i n  more r e c e n t  

u n d e rg ro u n d  b o r e h o l e s  have  r e v e a l e d  0 . 02m o f  n o n - m a r in e  

mudstone c o n t a i n i n g  a b u n d a n t  p l a n t  d e b r i s  be tv /een  t h e  m a r in e  

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

t h i n  d e p o s i t ,  i t  i s  i n t e r e s t i n g  t o  compare i t  w i t h  t h e  

Aegiranum (C efn  GoedJ M ar in e  Band w h ic h  i s  s e p a r a t e d  f rom  

i t ' s  u n d e r l y i n g  c o a l  by up  t o  0 . 56m o f - n o n - m a r i n e  m uds tone  

( B i g . 2 . 2 9

This  m a r in e  band q u i c k l y  p a s s e s  up  i n t o  s l i g h t l y  s i l t y  

mudstone ,  s h a l l o w ,  b r a c k i s h  w a t e r  d e p o s i t s  c o n t a i n i n g  m u s s e l s  

and t h e  worm m a r k in g s  P l a n o l i t e s  s p . ,  G y r o c o r t e  c a r b o n a r i a  

and Q o c h l i c h n u s  k o c h i  ( P i g . 2 . 2 0  ) .  These  m e a s u re s  c o n t i n u e  

to c o a r s e n  upvjards  d e v e l o p i n g  i n t o  a  s i l t y  m udstone  w i t h  

■lyrocorte c a r b o n a r i a  p e r s i s t i n g  t h r o u g h o u t  t h e  c y c l o t h e m ,  

m u sse l s  have  a l s o  b e e n  r e c o v e r e d  f rom  m o s t  p a r t s  o f  i t .  The 

cyc lo them  c o n t i n u e s  t o  c o a r s e n  upw .ards , u s u a l l y  c u l m i n a t i n g  

i n  a t h i n  s a n d s t o n e  l e s s  t h a n  0.50m t h i c k .  O v e r l y i n g  t h i s  

s a n d s to n e  i s  a  h a r d  s a n d s t o n e  s e a t e a r t h  w h ich   ̂p a s s e s  up w ard s  

i n to  a  h a r d  s i l t y  s e a t e a r t h ,  t h e  two a r e  normal, ly  a r o u n d  a  

metre  t h i c k  i n  t o t a l .
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The o v e r l y i n g  Bu te  Beam i s  n o r m a l l y  Im t h i c k  and  h a s  w e l l  

d e v e l o p e d  s i d e r i t e  l e n s e s  n e a r  t h e  t o n ,  w h e r e  p y r i t e  s o m e 

t i m e s  p a r t i a l l y  r e p l a c e s  t h e  s i d e r i t e .  T h i s  s e a m  i s  o n e  o f

t h e  two seam s n r e s e n t l y  e x p l o i t e d  i n  t h e  T r e f o r g a n  and  

Abernergwm C o l l i e r i e s .

The Bute  seam i s  o v e r l a i n  by  s l i g h t l y  s i l t y  m u d s t o n e s  

w h ic h  c o n t a i n  m u s s e l s ,  P l a n o l i t e s  o n h t h a l m o i d e s ,

P l a n o l i t e s  m ont  a n u s  , C-yroco-rte c a r b o n a r i a  and Q o c h l i c h n u s  

k o c h i  and w h i c h  c o a r s e n  u n w a r d s  l o c a l l y  t o  s i l t y  m u d s to n e  

( B i g . 2 . 2 0  j .  T h i n ,  b u t  l a t e r a l l y  n e r s i s t e n t  i r o n s t o n e  

b a n d s  a r e  common i n  t h e  3^ o f  m e a s u r e s  above  t h e  seam .

I n  t h e  w e s t  o f  t h e  a r e a  t h i s  m u d s t o n e  s e o u e n c e  c o n t i n u e s  

u n w a rd s  f o r  some 3ra t o  10m t o  be o v e r l a i n  by 2m o f  s e a t 

e a r t h ,  and t h e n c e  t h e  s t a n d a r d  N in e  B e e t  Seam. I t i r t h e r  

w e s t  t h e  B in e  B e e t  Seam i s  s n l i t  and  t h e  l o w e r  N ine  B e e t  

Seam i s  s u b j e c t  t o  w a s h o u t s ,  i n  s u c h  c i r c u m s t a n c e s  t h e  

c y c l o t h e m  above  t h e  Bu te  Seam n a s s e s  u n w a rd s  i n t o  a 

c o a r s e  g r a i n e d  s a n d s t o n e .  I f  t h e  Lower Nine B e e t  Seam i s  

n r e s e n t  t h e  m u d s to n e  s e o u e n c e  n a s s e s  un  i n t o  a  s e a t e a r t h  

m u d s t o n e ,  w h ic h  f o r m s  t h e  f l o o r  o f  t h e  Lower Nine B e e t  

S e am.

I n  t h e  w e s t ,  a t  Abernergwm C o l l i e r y ,  t h e  com b in ed  N ine  

B e e t  Seam i s  a r o u n d  2 .30m t h i c k .  A t y n i c a l  s e c t i o n  i s : -

3 9



C oa l 0 .5  6m

B u d s t o n e  
c a r b o n a c e o u s U. 02m

C oa l u . 50m

B u d s to n e  
c a r b o n a c e o u s 0 . 05m

C oa l 1 . 07m

B u d s to n e  
c a r b o n a c e o u s 0 . 05m

C o a l
T o t a l

0 . 6lm 
2.31m

The s e a t e a r t h  f l o o r  i s  o f t e n  more  t h a n  2m t h i c k ,  and  t e n d s  

t o  be v e r y  we ale w i t h  m u l t i n l e  m i c r o s h e a r s .  The seam 

s n l i t s  w e s t w a r d s  i n t o  "hwo s e a m s ,  t h e  i n t e r v e n i n g  c y c l o t h e m  

r e a c h i n g  a maximum t h i c k n e s s  o f  45m ( B i g . 2 . 2 1  ).  The 

Lower Bine B e e t  Seam i s  v a r i a b l e ,  a  f u n c t i o n  o f  t h e  w a s h 

o u t s  a f f e c t i n g  t h e  c o a l ,  i n  D u l a i s  V a l l e y  B o r e h o l e  B o . 2 ,  

w here  t h e r e  i s  no s a n d s t o n e  i m m e d i a t e l y  ab o v e  t h e  c o a l ,  

t h e  seam i s  1 .60m t h i c k  w i t h  a  t h i n  (0 .10m )  d i r t y  c o a l  

n e a r  t h e  b a s e  o f  t h e  s e a t e a r t h .  The seam was w o rk e d  a t  

C e fn  Coed C o l l i e r y ,  w h e re  t h e  s e c t i o n  was r e n o r t e d  a s  v e r y  

v a r i a b l e ;  a t  T r e f o r g a n  C o l l i e r y  t h e  seam v a r i e d  f r o m  2.60m 

t o  0.75m i n  a d i s t a n c e  o f  ICm. In  many i n s t a n c e s  t h e  

c o a l  i s  c o m p l e t e l y  rem o v ed  by t h e  w a s h o u t ,  t h e  o v e r l y i n g  

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

The c v c l o t h e m  w h ic h  d e v e l o p s  w e s t w a r d s  b e t w e e n  t h e  two 

Bine B e e t  Beams t e n d s  t o '  be  f a i r l y  c o a r s e  g r a i n e d  

t h r o u g h o u t ,  w i t h  s a n d s t o n e s  p r o m i n e n t  i n  t h e  l o w e r  p a r t  

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

r a p i d l y  t h r o u g h  s i l t y  m u d s t o n e s  i n t o  s l i g h t l y  s i l t y

4 0
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m u d s to n e s  w h ic h  p a s s  u p w a r d s  i n t o  t h e  t h i c k  s e a t e a r t h  

u n d e r l y i n g  t h e  U pper  N in e  B e e t  Beam. The s e a t e a r t h  

t e n d s  t o  be s h e a r e d  and v e r y  weak and  u p  t o  2m t h i c k ,  

and t h e  U p p e r  Nine B e e t  Beam i s  some 1 .60m  t h i c k ,  a 

t y p i c a l  s e c t i o n  b e i n g + -

Goal  1 . 25m

B u d S to n e
c a r b o n a c e o u s  0 . 15m

G oal  0 .22m

o t a l  1 .60m

The i m m e d i a t e  f l o o r  i s  a  s e a t e a r t h  m u d s to n e  w h ic h  i s  

h i g h l y  s l i c k e n s i d e d  and w h i c h  c a n  c o n t a i n  a  l a r g e  

p r o p o r t i o n  o f  d i s t u r b e d  c o a l  i n  t h e  t o p  0 .10m.

The m e a s u r e s  s e p a r a t i n g  t h e  Nine B e e t  Beam f ro m  t h e  B ix  

B e e t  Beam a r e  f a i r l y  c o n s i s t e n t  i n  o v e r a l l  t h i c k n e s s  

a c r o s s  t h e  a r e a ,  a v e r a g i n g  40m , b u t  t h e  d e t a i l  w i t h i n  t h i s  

band v a r i e s  c o n s i d e r a b l y  ( B i g . 2 . 2 2  ) .  T h ree  c y c l o t h e m s  

a r e  P r e s e n t ,  and t h e  r e p r e s e n t a t i v e  c o a l s  o f  t h e . N e d  Beam 

a r e  c o n t a i n e d  w i t h i n  t h i s  b an d  o f  s t r a t a .  The Red Beam 

i s  S P l i t  i n t o  a  Lower and  U p p e r  Red Beam l o c a l l y  known a s  

t h e  H a r n lo  and  C o r n i s h  Beams.

•Vith in  t h i s  a r e a  t h e  P o s i t i o n  o f  t h e  c o a l s  v a r i e s  g r e a t l y ,  

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

v e r y  v a r i a b l e .

The i m m e d ia t e  r o o f  o f  t h e  N in e  B e e t  Beam i s  a  s i l t y  mud

s t o n e  r i c h  i n  w e l l  p r e s e r v e d  p l a n t s ,  m a i n l y  t h e  f e r n - l i k e  

I T e u r o P t e r i s  s p .  and A l e t h o p t e r i s  s p .  w i t h  some C a l a m i t é s  s p .  

and Le p i d o d e n d r o n  s p .  T h i s  s t r a t u m  c a n  be a s  t h i c k  a s  9m
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o r  a b s e n t ,  d e p e n d i n g  u p o n  t h e  d e v e l o p m e n t  o f  t h e  o v e r -  

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

a n  e r o s i v e  b a s e .  T h i s  s a n d s t o n e  i s  o n l y  v e r y  r a r e l y  

a b s e n t  f r o m  t h i s  c y c l o t h e m :  i t ’ s b a s e  c a n  l i e  6m a b o v e  t h e  

seam  o r  c a n  d e s c e n d  an d  w a s h o u t  m o s t  o f  t h e  îTine F e e t  

Seam. To d a t e ,  t h e r e  i s  no r e c o r d  o f  t h e  seam b e i n g  

c o m p l e t e l y  w a s h e d  o u t  an d  r e c o r d s  o f  t h e  w a s h o u t  a r e  

c u r r e n t l y  i n s u f f i c i e n t  t o  P l o t  i t s  o r i e n t a t i o n .  The s a n d 

s t o n e  i s  a  m a s s i v e  c r o s s - b e d d e d  s a n d s t o n e  s o m e t i m e s  h a v i n g  

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

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

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

s a n d y  m a t r i x  w i t h  some c l a y  i n f i l l .  The i n t r a c l a s t s  

s u g g e s t  t h a t  a l r e a d y  l i t h i f l e d  c o a l  m e a s u r e s  v ;ere  e r o d e d  

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

f r e q u e n t l y  c o n t a i n s  b a n d s  o f  s i l t s t o n e  a n d  P a s s e s  u p w a r d s  

i n t o  a  s i l t s t o n e  and  t h e n c e  i n t o  a  s i l t y  m u d s t o n e .

The o v e r l y i n g  l o w e r  Red oeam ( H a r n l o )  v a r i e s  i n  d i s t a n c e  

f r o m  t h e  t o p  o f  t h e  H ine  F e e t  Seam i n  P r o p o r t i o n  t o  t h e  

t h i c k n e s s  o f  t h e  a b o v e - m e n t i o n e d  i n t e r b e d d e d  s a n d s t o n e ,  

t h e r e  t h e  s a n d s t o n e  i s  a b s e n t  t h e  Low er  Red Seam may be 

o n l y  d . 5m a b o v e  t h e  ITine F e e t  Seam; e l s e w h e r e  i t  i s  as  

much a s  13m a b o v e ,  t h e  i n t e r v a . l  b e t w e e n  t h e  two seam s  i s  

g r e a t e s t  i n  t h e  e a s t  w h e r e  t h e  s e p a r a t i o n  may be a s  much 

a s  2 Sm.

42.



The Lower Red Seam i s  t h i c k e s t  i n  T r e f o r g a n  B o r e h o l e  

No.1  w here  i t  i s  1 . Oom t h i c k ,  a n  a b n o r m a l  t h i c k n e s s  

p r o b a b l y  r e s u l t i n g  f ro m  t e c t o n i c  r e p e t i t i o n .  The seam i s  

t y p i c a l l y  0 . 30m t h i c k ,  t h e  t o p  0 . 03m b e i n g  a  c a n n e l  c o a l  

( d u l l  a n t h r a c i t e  w i t h  a  g r e a s y  a p p e a r a n c e  and  s u b - c o n c h o i d a l  

f r a c t u r e

The o v e r l y i n g  c y c l o t h e m  v a r i e s  f r o m  5m to lO m  and f ro m  

sm o o th  m u d s to n e  t o  s a n d s t o n e .  The 0 . 20m i m m e d i a t e l y  a b o v e  

t h e  Lower Red Seam c o n s i s t s  o f  a  sm o o th  f i n e  g r a i n e d ,  

t h i n l y - b e d d e d  m u d s to n e  w h i c h  i s  v e r y  ch. r k  g r e y  i n  c o l o u r .

I t  c o n t a i n s  m u s s e l s  and  t h e  worm m a r k i n g s '  l y r o c o r t e  

c a r b o n a r i a ,  Q o c h l i c h n u s  k o c h i , P l a n o l i t e s  s p .  , a 

p r o m i n e n t  PI .ano l i t e s  mont a n u s  b a n d  0 .08m  above  t h e  c o a l ,  

and o c c a s i o n a l l y  y i e l d s  o s t r a c o d s  l o c a l l y .  The c y c l o t h e m s  

become more c o a r s e  g r a i n e d  u p w a r d s  g r a d i n g  i n t o  a  s i l t y  

m u d s to n e  w i t h  worm t r a i l s ,  p r i n c i p a l l y  O y r o c o r t e  c a r b o n a r i a . 

P e r s i s t i n g  t h r o u g h o u t  t h e  c y c l o t h e m .  How ever ,  i m n e r s i s t e n t  

s a n d s t o n e s  may be p r e s e n t  n e a r  t h e  t o p  o f  t h e  c y c l o t h e m  

w h ic h  may be as  t h i n  as  0 . 30m, o r  may be  c o n t i n u o u s  w i t h  

t h e  s a n d s t o n e  o c c u r r i n g  ab o v e  t h e  U p p er  Red oeam ( C o r n i s h  

o r  C a e ra u

.‘.'h e re  P r e s e n t ,  t h e  U p p e r  Red Seam may be  a s  t h i c k  a s  1 .1 0 m ;  

i n  t h e  e e s t  i t  i s  f r e q u e n t l y  a  d i r t y  c o a l  c o n t a i n i n g  

s e v e r a l  d i r t  b a n d s  and i s  o f t e n  s n l i t  i n t o  two c o a l s  w i t h  

2m o f  s e a t e a r t h  b e t w e e n  th e m .  . /h e r e  s p l i t  i n t o  two c o a l s  

t h e  t o p  o r  b o t t o m  l e a f  may be t h i c k e r ,  u p  t o  0 .70m w i t h  

t h e  o t h e r  l e a f  b e i n g  t h i n ,  0 . 30m o r  l e s s .  i t i r t h e r  w e s t  t h e  

t o n  d i r t  p a r t i n g  t h i n s  t o  a s  l i t t l e  a s  0 .1 2 m ,  and t h e
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l o w e r  l e a f  o f  c o a l  t h i c k n e s s  t o  a r o u n d  Im.  I t  i s  t h i s  

s l i g h t l y  t h i c k e r  U p p e r  Red Seam w h i c h  was w o rk e d  a s  t h e  

' C o r n i s h  Seam' a t  Abernergwm C o l l i e r y ,  The t h i n  u n p e r  

l e a f  c o a l  i s  a  c a n n e l  and  i s  a b o v e  an  i m n e r s i s t e n t  

d i r t  band w h i c h  r e a c h e s  a  maximum t h i c k n e s s  o f  0 .2 0 m .

The im m e d ia te  r o o f  m e a s u r e s  o f  t h e  seam a r e  a  s l i g h t l y  

s i l t y  m u d s to n e  c o n t a i n i n g  m u s s e l s ,  t h e y  p a s s  q u i c k l y  u p 

w a rd s  i n t o  s i l t y  m u d s t o n e s  a n d  s a n d s t o n e s .  The seam and  

i t s  n o rm a l  r o o f  m e a s u r e s  a r e  f r e q u e n t l y  a b s e n t  b e i n g  

w ashed  o u t  by t h i c k  s a n d s t o n e s , i n d e e d  t h e  U pper  Red beam 

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

d r i v a g e s  a t  T r e f o r g a n  C o l l i e r y .  The s a n d s t o n e  p a s s e s  

u p w a r d s  i n t o  s i l t s t o n e  and  u s u a l l y  f i n e s  i n t o  s i l t y  mud

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

t h e  b i x  F e e t  beam.

The b i x  F e e t  beam i s  t y p i f i e d  by a  t h i c k  s e a t e a r t h

t h r o u g h o u t  t h i s  a r e a  w h i c h  may be as  much a s  3^ t h i c k .  I n  

t h e  e a s t  a t  Aberpergwm C o l l i e r y  i t  i s  a  m u d s to n e  s e a t e a r t h  

and i s  o f t e n  s h e a r e d  and  w eak  an d  c o n t a i n s  c o a l  s t r e a k s .

The b i x  F e e t  beam i s  a  t h i c k  seam a t  Aberpergwm C o l l i e r y

w h e re  i t  h a s  b e e n  e x t e n s i v e l y  w o rk e d  a s  t h e  ' E i g h t e e n  F e e t  

b e a m ' , a t y p i c a l  s e c t i o n  b e i n g

C o a l  0 .38m

l u d s t o n e
c a r b o n a c e o u s  0 .18m

C o a l  ( may c o n t a i n
d i r t  b a n d s ;  2 . 36m 

T o t a l  2 .92m
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T h i s  t h i c k  c o m p o s i t e  seam s p l i t s  w e s t w a r d s  f ro m  Aberpergwm 

C o l l i e r y ,  and  t h e  f o u r  seam s  s e e n  i n  t h e  D u l a i s  V a l l e y  

s e p a r a t e  r a p i d l y  b e y o n d  t h e  s p l i t .  Once t h e  seam s p l i t  

h a s  d e v e l o p e d  t h e  t h i c k n e s s  o f  t h e  member c y c l o t h e m s  

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

o f  c o a l s  v a r i e s  ( P i g .  2 . 2 3  }.

The Lower S i x  F e e t  Seam h a s  b e e n  w i d e l y  w o rk e d  u n d e r  a  

v a r i e t y  o f  l o c a l  names  i n c l u d i n g  t h e  Lower B l a c k  V e in ,  

t h e  F o u r  F e e t  C o r n i s h  Seam and  t h e  E i g h t e e n  F e e t  Seam. I t  

i s  n o r m a l l y  a  v e r y  c l e a n  c o a l  v a r y i n g  f ro m  0 .65m  t o  0 .8 5 m ,  

s o m e t im e s  w i t h  a  0 . 05m d i r t  b a n d  some 0 . 05m t o  0 .10m above  

t h e  b a s e  o f  t h e  seam .  The r e m a i n i n g  t h r e e  c o a l s _  a r e  much 

m ore  v a r i a b l e ,  i n d e e d  t h e  n e x t  c o a l  u p  i s  r a r e l y  t h i c k e r  

t h a n  0.10m and i s  o f t e n  a b s e n t ,  a l t h o u g h  i t s  s e a t e a r t h  

i s  P e r s i s t e n t .

The U pper  S i x  F e e t  Seam h a s  b e e n  f a i r l y  w i d e l y  w o rk ed  a s  

t h e  ’U pper  B l a c k  Seam ’ o r  t h e  ’ w h i t e  F o u r  F e e t ’ o f  C e fn  

Coed C o l l i e r y .  The i n f o r m a t i o n  o b t a i n e d  f r o m  t h e  T r e f o r g a n  

e x p l o r a t i o n  programme s u g g e s t s  t h a t  i d e n t i f y i n g  w h i c h  o f  

t h e  r e m a i n i n g  t h r e e  l e a v e s  o f  c o a l  h a s  b e e n  w o rk e d  i n  t h e  

p a s t  i s  n o t  a s  s t r a i g h t  f o r v / a r d  a s  was t h e  c a s e  w i t h  t h e  

Lower  S i x  F e e t  Seam.

Of t h e  f o u r  c o a l s  m a k in g  u p  t h e  S i x  F e e t  C r o u p ,  e i t h e r  o f  

t h e  t o p  tvvo c o a l s  a r e  o f  w o r k a b l e  t h i c k n e s s  i n  a t  l e a s t  

some b o r e h o l e s .  U u s s e l s  a r e  common i n  t h e  r o o f  m e a s u r e s  

o f  b o t h  t h e s e  t o p  two s e a m s ,  a l t h o u g h  E u e s t h e r i a  s p . h a s  

b e e n  r e c o g n i s e d  o n l y  on  t h e  t o p  m o s t  seam .  I t  seem s l i k e l y  

t h a t  e i t h e r  o f  t h e  t o p  two seam s  may h a v e  b e e n  e x p l o i t e d  i n
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t h e  p a s t ,  d e p e n d i n g  u p o n  w h i c h  was t h e  t h i c k e r  l o c a l l y .

The c y c l o t h e m s  c o m p r i s i n g  t h e  S i x  F e e t  Group a r e  a l s o  

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

i s  a  s i l t y  m u d s t o n e ;  e l s e w h e r e  i t  i s  a  s a n d s t o n e , o f t e n  

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

c o a r s e n i n g  u p w a r d s ,  b u t  s u b s e q u e n t l y  f i n e  u p w a r d s  b e f o r e  

p a s s i n g  i n t o  t h e  o v e r l y i n g  s e a t e a r t h .  </hat m o s t  t y p i f i e s  

t h e  S i x  F e e t  Seam and  i t s  s p l i t  r e p r e s e n t a t i v e s  f u r t h e r  

w e s t  a r e  t h e  g r e a t  v a r i a t i o n s  i n  t h e  s t r u c t u r e  and  t h i c k n e s s  

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

c y c l o t h e m s  w i t h i n  t h e  g r o u p .

The S i x  F e e t  Seam i s  s e p a r a t e d  f r o m  t h e  o v e r l y i n g  F o u r  F e e t  

Seam by a c y c l o t h e m  v a r v i n ?  f ro m  5m t o  20m i n  t h i c k n e s s  

( F i g . 2 . 2 4  ) .  As i s  t y p i c a l  o f  many c y c l o t h e m s  w i t h i n  t h i s  a r e a ,  

t h e  g r e a t  v a r i a t i o n  i s  a  f u n c t i o n  o f  t h e  p r e s e n c e  o r  a b s e n c e  

o f  a  t h i c k , c r o s s - b e d d e d  s a n d s t o n e .

The F o u r  F e e t  Seam ( F i g . 2 . 2 4 )  a g a i n  i s  s p l i t  i n  t h e  N e a t h  

a n d  Diula is  V a l l e y  a r e a s  t h i s  t i m e  i n t o  two s e a m s .  The 

l o w e r  F o u r  F e e t  Seam i s  l o c a l l y  knov/n a s  t h e  ’F o u r  F e e t  V.'hite 

S e a m ’ ( o f  Aberpergwm and  OnllV\fyn C o l l i e r i e s  ) .  I t  i s  

t y p i f i e d  by a  t h i c k  s e a t e a r t h  m u d s to n e  w h i c h  i s  g e n e r a l l y  

s h e a r e d  and weak ,  a l t h o u g h  i t  b ecom es  more s i l t y  d o w n w ard s .

A l t h o u g h  i t  was n o t  a l w a y s  r e c o v e r e d  i n  t h e  b o r e h o l e s ,  t h e  

l o w e r  F o u r  F e e t  Seam a l m o s t  e v e r v w h e r e  i n c l u d e s  a  t h i n  c o a l  

b a n d  v / i t h i n  and n e a r  t h e  b a s e  o f  t h e  s e a t e a r t h ,  i t  i s  

commonly o n l y  G .05m t h i c k ,  t h o u g h  c a n  be u p  t o  0.5Üm i n  r a r e  

i n s t a n c e s .  The m a in  l e a f  o f  c o a l  c a n  be u p  t o  1 .10m  t h i c k
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and h a s  b e e n  w o rk e d  i n  p l a c e s ,  t h o u g h  i t  i s  more commonly 

l e s s  t h a n  0 .60m and  n o t  an  e c o n o m i c  p r o p o s i t i o n  o v e r  m o s t  

o f  t h i s  a r e a .

The o v e r l y i n g  c y c l o t h e m  i s  6m t o  9ra t h i c k ,  t h e  m e a s u r e s  

i m m e d i a t e l y  o v e r l y i n g  t h e  seam b e i n g  a  s l i g h t l y  s i l t y  mud

s t o n e  c o n t a i n i n g  t h e  worm m a r k i n g s  G y r o c o r t e  c a r b o n a r i a  and 

Q o c h l i c h n u s  k o c h i  and  o c c a s i o n a l  m u s s e l s .  The t h i c k n e s s  o f  

t h i s  b e d  a g a i n  i s  c o n t r o l l e d  by  t h e  o v e r l y i n g  o u a r t z i t i c  

s a n d s t o n e  w h i c h  i s  t y p i c a l  o f  t h i s  c y c l o t h e m  f ro m  t h e  N e a t h  

V a l l e y  w e s t w a r d s  a c r o s s  t h e  c o a l f i e l d .  The a b s e n c e  o f  t h i s  

s a n d s t o n e  i n  some o f  t h e  b o r e h o l e s  i s  a. t e s t i m o n y  t o  t h e  l o c a l  

v a r i a t i o n s  w h i c h  c a n  be f o u n d  i n  an y  S o u t h  .Vales c o a l  m e a s u r e  

c y c l o t h e m ,  f o r  i t  i s  g e n e r a l l y  so  p e r s i s t e n t  t h a t  i t  i s  one  

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

i n  t h i s  n o r t h - w e s t e r n  a r e a  o f  t h e  c o a l f i e l d .  T h e r e  may be a  

t h i n  d e v e l o p m e n t  o f  s l i g h t l y  s i l t y  m u d s to n e  above  t h i s  s a n d 

s t o n e ,  o r  t h e  s a n d s t o n e  may f o r m  t h e  l o w e r  P a r t  o f  t h e  s e a t 

e a r t h  o f  t h e  o v e r l y i n g  seam .

The Tipper P o u r  F e e t  Seam ( ’ S t w r i n ’ j i s  g e n e r a l l y  a t h i n ,  

u n e c o n o m i c  c o a l  o f  a r o u n d  0 .6 0 m ,  w i t h  a  t h i n  (û . lO m ;  d i r t  

b and  w i t h i n  t h e  c o a l .  The seam was  e x c e p t i o n a l l y  t h i c k  (O.QOmj 

and  c l e a n  i n  T r e f o r g a n  B o r e h o l e  No. 4.

The i m m e d i a t e  r o o f  m e a s u r e s  o f  t h e  Tapper F o u r  F e e t  Seam a r e  

a  s l i g h t l y  s i l t y  m u d s to n e  c o n t a i n i n g  t h e  worm m a r k i n g s  

G y r o c o r t e  Gt r o o n a r i a  and  0 o c h i i c h n u s  k o c h i  H ow ever ,  t h e

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

i s  P r e s e n t  a l m o s t  e v e r y w h e r e .  T h i s  s a n d s t o n e  i s  w i d e l y  

d e v e l o p e d  b e i n g  p r e s e n t  a s  f a r  w e s t  a s  t h e  G w e n d r a e t h  V a l l e y  

and  Ammanford a r e a s ,  w here  i t  i s  r e p r e s e n t e d  by t h e  ' B ig  V e in
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R o ck ’ o f  t h e  C y n h e i d r e  a r e a , a  p r o m i n e n t  l i g h t  g r e y  q u a r t z i t e .  

T h i s  s a n d s t o n e  h a s  a n  e r o s i v e  b a s e  and  t h e  U n n e r  P o u r  F e e t  

beam i s  p a r t i a l l y  w a s h e d  o u t  i n  some o f  t h e  b o r e h o l e s .

A l t h o u g h  t h i s  c y c l o t h e m  bec o m e s  more  f i n e - g r a i n e d  ab o v e  t h i s  

s a n d s t o n e  t h e  t r e n d  o f t e n  d e v e l o p s  o n l y  t o  a  s i l t s t o n e  b e f o r e  

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

F e e t  N ine  beam. The c y c l o t h e m  v a r i e s  f r o m  6m t o  10m i n  

t h i c k n e s s .

The t o p m o s t  c o a l  o f  t h e  ’ î.Tain P r o d u c t i v e  Iv ie a su re s ’ i s  t h e  Two 

F e e t  N ine  beam, h e r e  s n l i t  i n t o  t h r e e  t h i n  u n e c o n o m i c  seam s  

( F i g . 2 .25  ). The seam i s  d i v i d e d  i n t o  two named seam s  i n  t h i s  

a r e a ,  t h e  l o w e r  hwo F e e t  N in e  beam ( t h e ’P e n n y u i e c e s ’ ) and t h e  

U pper  Two F e e t  ^ i n e  beam ( t h e  ’ So ap  V e i n ’ ) .  I n  f a c t  t h e  

Lower Two F e e t  N in e  beam i s  i t s e l f  s p l i t  i n t o  two t h i n  c o a l s  

o v e r  t h i s  a r e a w h i c h  a r e  l o c a l l y  known as- t h e  ’ Lower and  U p p e r  

P e n n y p i e c e s . ’ The ’ Lower  P e n n y p i e c e s ’ i c  a  t h i n  c o a l  

g e n e r a l l y  v a r y i n g  f ro m  0 .10m  t o  0 .20m  t h o u g h  i t  i s  

e x c e p t i o n a l l y  t h i c k  i n  t h e  T r e f o r g a n  d r i f t s  w h e re  i t  i s  0 .45m 

w i t h  0.08m c a n n e l  c o a l  on t o p .  I t  may be  r e n r e e n t e d  by an  

i n f e r i o r  c o a l ,  a  c a n n e l  c o a l  o r  o n l y  by t h e  d e v e l o p m e n t  o f  

c o a l  s t r e a k s .  i t ' s  i m m e d i a t e  r o o f  t e n d s  t o  be a  f i n e - g r a i n e d ,  

s l i g h t l y  s i l t y  m u d s to n e  w h i c h  f r e q u e n t l y  c o n t a i n s  w e l l  

P r e s e r v e d  worm t r a i l s ,  b u t  w h i c h  c a n  l o c a l l y  c o n t a i n  p o o r l y  

p r e e r v e d  f i s h  s c a l e s . T h i s  p a s s e s  q u i c k l y  i n t o  a  s i l t y  o r  

s a n d y  band  w h i c h  t e n d s  t o  p e r s i s t  u p  t o  t h e  s e a t e a r t h  o f  t h e  

u p p e r  c o a l  o f  t h e  Lower Two F e e t  N ine  beam ( t h e  ’U p p e r  F e n n y -  

p i e c e s ’ ) a  s e a t e a r t h  r i c h  i n  d i s s e m i n a t e d  s p h a e r o s i d e r i t e .

The c y c l o t h e m  i s  e v e r y w h e r e  l e s s  t h a n  5m i n  t h i c k n e s s .  T h i s  

u p o e r  c o a l  i s  t h i c k e r  t h a n  t h e  l o w e r  o n e , o f t e n  b e i n g  a s  t h i c k
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a s 0 . 35m and i s  s o m e t i m e s  s n l i t ,  a s  i n  T r e f o r g a n  B o r e h o l e  

N o . 4 ,  w h e re  t h e  s e c t i o n  i s  C o a l - 0 . 2 2 m ,  D i r t - 0 . 2 1 m ,  C o a l - 0 . 2 0 m  

( F i g . 2 . 2 5  ).

The c o a l s  o f  t h e  Lower  Two F e e t  N ine  Seam a r e  s e p a r a t e d  f ro m  

t h e  U p p er  Two F e e t  N in e  Seam ( ’ t h e  Soap  V e i n ’ ) by a  c y c l o t h e m  

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

i n t o  a  s a n d s t o n e ,  and t h e n  f i n i n g  u p w a r d s  i n t o  a  f i n e - g r a i n e d ,  

s l i g h t l y  s i l t y  m u d s to n e  ( F i g . 2 . 2 5  ). The f i n e  m u d s t o n e s  

f o r m i n g  t h e  r o o f  o f  t h e  t o p  c o a l  o f  t h e  Lower Two F e e t  Nine 

Seam g e n e r a l l y  c o n t a i n  P r o m i n e n t  worm t r a i l s ,  m u s s e l  f r a g m e n t s  

and  P l a n o l i t e s  s p .  On t h e  o t h e r  h a n d ,  t h e  f i n e - g r a i n e d  mud

s t o n e s  above  t h e  s a n d s t o n e  r e p r e s e n t  a  v e r y  d i f f e r e n t  

e n v i r o n m e n t  : t h e y  c o n t a i n  f a i r l y  w e l l  p r e s e r v e d  P l a n t  f r a g m e n t s  

i n c l u d i n g  N e u r o P t e r i s  s p .  and c o n t a i n  p y r i t e ,  w i t h  

s p h a e r o s i d e r i t e  a l s o  a  common m i n e r a l .  -The c y c l o t h e m  i s  v e r y  

r e g u l a r  i n  i t ’ s t h i c k n e s s ,  a l w a v s  b e i n g  5 ^  t o  6m t h i c k .  The 

I Jpper  Two F e e t  N in e  Seam ( t h e ’ S o a r  V e i n ’ ) i s  a l w a y s  s p l i t  

i n t o  a t  l e a s t  two t h i n  c o a l s ,  a s  shown i n  F i g . 2 . 2 5  and t h e  

l o w e r  l e a f  i s  f r e q u e n t l y  made u p  o f  a  nu m b er  o f  t h i n  b a n d s  o f  

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

h a s  b e e n  s a m p l e d ,  c l o s e l y  e x a m i n e d  and  a n a l y s e d  i n  g o o d  P i l l a r  

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

c o r r e l a t i v e  g u i d e  a s  t h e  s u l p h u r  i n c r e a s e s  downwards  t h r o u g h  

s u c c e s s i v e  b a n d s , s o m e t i m e s  e x c e e d i n g  7 a .
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2.5.2.2 Ty/o Fee t  Nine Seam To ITnrer Cwm Gors. Marine Band

The s t r a t a  from t h e  V an d erbecke i  (Amman) Marine Band up 

to the  T//0 F e e t  Nine Seam spans  a p p r o x i m a te ly  15Urn, 

whereas t h e  s t r a t a  from th e  Two F e e t  Nine Seam up to  

Cambriense (Upper Cwm G o r s ) Marine Band i s  some 250m t h i c k .  

Of the  16 seams and g roups  o f  seams p r e s e n t  w i t h i n  t h e  

l a t t e r  s u b d i v i s i o n  o f  t h e  Coal  Measures o n ly  one seam, t h e  

Red Vein, has  been  a v i a b l e  p r o p o s i t i o n  f o r  e x t e n s i v e  

deep mine e x p l o i t a t i o n  w i t h i n  t h e  a r e a  o f  s t u d y .  Because 

most o f  t h e  seams have  been  u n i m p o r t a n t  e co n o m ic a l ly  many 

have n o t  been  named and l i t t l e  work has  been  done to  

c o r r e l a t e  t h e  seams w i t h  s u r r o u n d i n g  a r e a s .  Many o f  t h e  

coals  a r e  t h i c k  enough t o  have been  worked i n  o t h e r  n a r t s  

of th e  c o a l f i e l d  and to  have been  namè t h e r e  ; o t h e r s  have 

been named e l s e w h e re  b e ca u se  t h e y  have been u s e f u l  f o r  

c o r r e l a t i o n  work, h a v in g  d i a g n o s t i c  ch em ic a l  p r o p e r t i e s , 

or c a r r y  a  m ar ine  band i n  t h e i r  r o o f  m e a su re s .  An a t t e m p t  

has been made i n  t h i s  s t u d y  to  c o r r e l a t e  seams w i t h  a d j a c e n t  

a r e a s . a n d  most  seams have  been  named, some names have been  

taken  from o t h e r  v a l l e y s  and a d a p t e d .  I t  i s  f e l t  t h a t  

t h i s . i s  a f a r  more s e n s i b l e  a p p ro a ch  t h a n  to  compile  a l i s t  

of seam names based  on l o c a l  c r i t e r i a ,  which would s im n ly  

add to  t h e  c o n f u s i o n  r e s u l t i n g  from, t h e  v a r i e t y  o f  l o c a l  

seam namings a l r e a d y  i n  e x i s t e n c e  i n  t h e  c o a l f i e l d .

Some seams from t h i s  s u b d i v i s i o n  o f  t h e  Coal  Measures have 

been e x p l o i t e d  i n  t h e  p a s t  by o p e n c a s t  min ing  m ethods ,  

most n o t a b l y  t h e  Red Vein ,  a good q u a l i t y  a n t h r a c i t e  c o a l  

vh ich  has been  e x p l o i t e d  w h e re v e r  p o s s i b l e .  The Graigog
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and i t s  R i d e r  Seam a r e  i n c l u d e d  i n  one c u r r e n t  o p e n c a s t  

e x p l o r a t i o n  p ro g ra m m e ,  a l t h o u g h  o n l y  a s  t h i n  ’u p p e r  s e a m s ’ 

i n  a  p r o j e c t  e x a m i n i n g  t h i c k e r  c o a l s  b e l o w .  S m a l l  m ine  

o w n e rs  h a v e  s i m i l a r l y  b e e n  i n t e r e s t e d  i n  one  o r  two o f  

t h e  s e a m s ,  m a i n l y  t h e  R e n t r e  Group o f  Seams an d  t h e  Red 

V e in .

The Red V e in  h a s  b e e n  i n t e n s i v e l y  w o r k e d  r i g h t  a c r o s s  

t h i s  a r e a ,  o n l y  t o w a r d s  t h e  s o u t h - w e s t , w h e re  t h e  seam 

becomes  v e r y  d i r t y  and  t h e  r o o f  v e r y  f r i a b l e , h a s  t h i s  

seam n o t  b e e n  e x p l o i t e d .  The f ew  s m a l l  p a r c e l s  t h a t  

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

p r i v a t e  ’ s m a l l  m i n e s . ’ The seam i s  s t i l l  b e i n g  m in e d  

f u r t h e r  w e s t  a t  A b e r n a n t  C o l l i e r y  a n d  a t  Betvvs C o l l i e r y  

n e a r  A m m anford , t h e  l a t t e r  i s  one  o f  t h e  m o s t  p r o f i t a b l e  

m in es  i n  G r e a t  B r i t a i n .

Not  a l l  t h e  b o r e h o l e s  an d  c r o s s - m e a s u r e  d r i v a g e s  e x a m in e d  

t h e  w h o le  r a n g e  o f  s t r a t a  w i t h i n  t h i s  s u b d i v i s i o n  o f  t h e  

C o a l  M e a s u r e s .  The tv/o D u l a i s  V a l l e y  B o r e h o l e s ,  T r e f o r g a n  

B o r e h o l e s  4 , 5 a n d  6 an d  t h e  new d r i f t s  a t  T r e f o r g a n  C o l l i e r y  

p r o v i d e  s e c t i o n s  t h r o u g h  t h e  w h o l e  o f  t h i s  p a r t  o f  t h e  

s e q u e n c e ;  w h i l e  T r e f o r g a n  B o r e h o l e s  1 ,  2 and  3 p r o v i d e  

d a t a  f ro m  t h e  Tv/o F e e t  N in e  Seam up t o  t h e  Red V e in  o n l y .

On t h e  o t h e r  h a n d  t h e  L lwyn-O nn B o r e h o l e  a n d  t h e  o l d  d r i f t s  

a t  T r e f o r g a n  C o l l i e r y  p r o v i d e  s e c t i o n s  f ro m  t h e  Red V e in  

up  t o  t h e  C a m b r i e n s e  (U p p e r  Cv/m Gors  ) M a r in e  Band.

The l o w e s t  Two c y c l o t h e m s  i n  t h i s  s u b d i v i s i o n  a r e  t h o s e  

u n d e r l y i n g  t h e  G r a i g o g  Seam a n d  t h e  G r a i g o g  R i d e r  Seam,
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t h e y  a r e  c o n s i d e r e d  t o g e t h e r  b e c a u s e  t h e r e  i s  l i t t l e  

w h i c h  i s  d i s t i n c t i v e  a b o u t  t h e  l o w e r  c o a l .  The two 

c y c l o t h e m s  a r e  v e r y  r e g u l a r  an d  t h e  c o a l  a t  t h e  t o p  o f  

t h e  u p p e r  c y c l o t h e m ,  t h e  G r a i g o g  R i d e r  Seam, h a s  a  h i g h  

s u l p h u r  c o n t e n t  and  a  h i g h  p h o s p h o r u s  c o n t e n t .  A l t h o u g h  

t h e s e  p a r a m e t e r s  may n o t  be  u s e f u l  o v e r  a  l a r g e  

g e o g r a p h i c  a r e a ,  when c o n s i d e r e d  w i t h  t h e  many o t h e r  

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

p r o c e s s  t h e y  a r e  v e r y  u s e f u l  p a r a m e t e r s  w i t h i n  a  l i m i t e d  

a r e a .

The l o w e r  o f  t h e  two c y c l o t h e m s ,  t h a t  l y i n g  b e tv /e e n  t h e  

Upper  Two F e e t  N in e  Seam and t h e  G r a i g o g  Seam i l l u s t r a t e s  

t h e  g r e a t  v a r i a b i l i t y  o f  s e d i m e n t a t i o n  w i t h i n  t h e  U pper  

C a r b o n i f e r o u s  C o a l  M e asu re  d e l t a s ,  i t  v a r i e s  f r o m  8m t o  

I6m i n  t h i c k n e s s ,  s o m e t im e s  c o n t a i n i n g  s a n d s t o n e s ,  some

t i m e s  n o t  ( F i g . 2 . 2 6  ) .  The p r e s e n c e  o r  a b s e n c e  o f  t h e  

s a n d s t o n e  d o es  n o t  a f f e c t  t h e  t h i c k n e s s  o f  t h e  c y c l o t h e m ,  

a s  i s  so o f t e n  t h e  c a s e  i n  S o u t h  W a le s ,  s a n d s t o n e s  may be 

p r e s e n t  w h e re  t h i s  c y c l o t h e m  i s  q u i t e  t h i n .  The 

s e d i m e n t a r y  p a t t e r n  a l s o  v a r i e s :  s o m e t im e s  t h e  c y c l o t h e m  

c o a r s e n s  u p w a rd s  f ro m  a  sm o o th  m u d s to n e  i m m e d i a t e l y  a b o v e  

t h e  U pper  Two F e e t  Nine Seam t o  a  s a n d s t o n e  i m m e d i a t e l y  

be lo w  t h e  G r a i g o g  Seam; e l s e w h e r e  i t  c o a r s e n s  u p w a r d s  t o  

a  s a n d s t o n e  and  t h e n  f i n e s  u p w a rd s  t o  a  smooth  m u d s t o n e ;  

i t  may c o a r s e n  u p w a r d s ,  t h e n  become f i n e r - g r a i n e d ,  t h e n  

c o a r s e n  and  t h e n  f i n e  a g a i n .  The p r e s e n c e  and  p o s i t i o n  

o f  f o s s i l s  a l s o  v a r i e s  w i t h i n  t h i s  c y c l o t h e m  w i t h  worm 

m a r k i n g s  and  m u s s e l  f r a g m e n t s  s o m e t im e s  o c c u r r i n g  i n  

sm o o th  m u d s t o n e s  and  s o m e t im e s  s i l t y  m u d s t o n e s  i n  d i f f e r e n t
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Darts of  t h e  c y c lo th e m .  The (Graigog oeam, s i t t i n g  on 

the to n  o f  t h i s  c y c lo th e m ,  i s  g e n e j r a l ly  a s i n g l e  l e a f  

of coa l  a p n r o x i m a te ly  0 . 25m t h i c k , e l s e w h e re  i t  i s  a 

s n l i t  seam o f  two c o a l  l e a v e s  a p p r o x i m a te ly  0.40m t h i c k ,  

with a t h i n  (0 .02mj d i r t  band n e a r  t h e  middle  o f  t h e 

se am. In  T r e f o r g a n  B oreho le  N o .2 i t  was s l i g h t l y  

t h i c k e r  and t h e  lo w e r  l e a f  was on ly  c o a l  s t r e a k s ,  t h e  

s e c t io n  was :

Coal

Carbonaceous  k u d s to n e

Thin  c o a l  bands  
i n t e r l a m i n a t e d  w i t h  
C a rbonaceous  Hudstone

0.43m

0.17m

0.20m

T o t a l :  0.80m

The o v e r l y i n g  c y c lo th e m  un to  t h e  G ra igog  R id e r  Seam 

i s  much more r e g u l a r  v a r y i n g  from 6m t o  8m i n  t h i c k n e s s ;  

the 10m n r e s e n t  i n  D u l a i s  V a l l e y  Borehole  N o .2 co u ld  be 

t e c t o n i c ,  t h e r e  b e i n g  no r e c o r d  o f  s t r a t a  d i p s  i n  t h i s  

b o re h o le .  The c y c lo th e m  g e n e r a l l y  c o a r s e n s  unwards f rom  

a smooth mudstone t o  a  s i l t s t o n e  o r  s a n d s t o n e ,  o n ly  i n  

T re fo rgan  Boreho le  N o .3 does  a t h i n  s a n d s to n e  d e v e lo p  

a t  t h e  bo t tom  o f  t h e  cy c lo th em ;  i t  i s  o v e r l a i n  by a 

smooth mudstone w h ich  c o a r s e n s  unwards  to  a  s i l t y  mud

s to n e ,  t h e  t y n i c a l  n a t t e r n  f o r  t h i s  c y c lo th e m .  The 

Graigog R i d e r  Seam i s  a s i n g l e  l e a f  o f  c o a l  v a r y i n g  

from 0 . 08m to  0 . 32m; i t  i s  t y p i c a l l y  j u s t  o v e r  0.20m i n  

t h i c k n e s s .  The c y c lo th e m  im m e d ia te ly  o v e r l y i n g  t h e  

Graigog R id e r  Seam i s  a  f a i r l y  c o n s i s t e n t  one v a r y i n g  

from 10m to  l^m i n  t h i c k n e s s  ( P i g . 2 .2 7  ) ,  The immediate
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r o o f  o f  t h e  seam i s  e v e r y w h e r e  a  t h i n l y  b e d d e d  s m o o th  

m u d s to n e  c o n t a i n i n g  F l a n o l i t e s  s n . , G y r o c o r t e  c a r b o n a r i a , 

n o o r l y  n r e s e r v e d  O s t r a c o d s  a n d  o c c a s i o n a l  m u s s e l s . I t  

o f t e n  c o n t a i n s  s l i g h t l y  s i l t y  b a n d s  and c o a r s e n s  u p w a x d s  

i n t o  a s i l t y  m u d s to n e  a n d  s o m e t i m e s  i n t o  a  s i l t s t o n e  

b e f o r e  f i n i n g :  u n w e r d s  l o c a l l y  t o  a  m u d s to n e  and  i n t o  

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

The o v e r l y i n g  t h i n  c o a l  seam  i s  unnamed and  i s  

a n a r o x i m a t e l y  0 .20m t h i c k ,  v a r y i n g  i n  t h e  b o r e h o l e s  

f r o m  0 .13m  t o  0 .2 4 m .  The 0 .01m  o f  c o a l  r e c o v e r e d  i n  

T r e f o r g a n  B o r e h o l e  N o .1  i s  n r o b a b l y  a  f u n c t i o n  o f  t h e  

d r i l l i n g .  The seam i s  o f  l i t t l e  i n t e r e s t  o f  i t s e l f  b u t  

i t  c a r r i e s  t h e  l o c a l  r e u r r s o n t a t i v e  o f  t h e  H afod  K e u l o g  

F a r i n e  Band i n  i t s  i m m e d i a t e  r o o f .  I n  n r e v i o u s  a s s e s s 

m e n t s  o f  t h e  a r e a  t h e  B r i t i s h  G e o l o g i c a l  S u r v e y  

( n r e v i o u s l y  t h e  G e o l o g i c a l  S u r v e y ) and  t h e  N .G .B .  (E v a n s  

1 9 5 3 )  n r e su m e d  t h i s  t o  be t h e  n o s i t i o n  o f  t h e  B r i t a n n i c  

M a r in e  Band. The B r i t a n n i c  F a r i n e  Band i s  t h e  b e t t e r  

d e v e l o p e d  o f  t h e  two m a r i n e  b a n d s  f u r t h e r  w e s t ,  w hen  

one  n y r i t e  h o r i z o n  was  r e c o g n i s e d  i n  t h e  1 9 5 G' s i n  t h e  

D u l a i s  V a l l e y  B o r e h o l e s  i t  was  n r e s u m e d  t o  be a t  t h e  

h o r i z o n  o f  t h e  B r i t a n n i c  F a r i n e  B a n d .  D e t a i l e d  l o g g i n g  

o f  t h e  m e a s u r e s  a s  t h e  T r e f o r g a n  d r i f t s  w e re  b e i n g  d r i v e n  

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

s i t u a t e d  o n e  e y e l o t h e m  a b o v e  t h e  G r a i g o g  R i d e r  S e a m  

a n d  i s  n o w  r e v i e w e d  and  c o r r e l a t e d  a s  t h e  H a f o d  H e u lo g  

F a r i n e  B a n d  ; t h i s  p l a c e s  t h e  B r i t a n n i c  F a r i n e  Band 

j u s t  two c .y c lo th e m s  b e lo w  t h e  w e l l  d e v e l o n e d  A e g i r a n u m  

( C e f n  Goed) F a r i n e  Band ,  w h i c h  c o r r e l a t e s  c o r r e c t l y  w i t h
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n r o v i n g s  f u r t h e r  w e s t .  The D u l a i s  V a l l e y  c o r r e l a t i o n  

h ad  a lw a y s  b e e n  a n o m a l o u s ,  t h e  n r e v i o u s  n l a c i n g  o f  t h e  

B r i t a n n i c  M a r i n e  Band a t  t h i s  n o s i t i o n  n l a c e d  i t  t o o  

f a r  be low  t h e  C e f n  Goed M a r i n e  Band and  t o o  n e a r  t h e  

Dwo F e e t  N in e  Seam . I n  t h e  D . i l a i s  V a l l e y  t h e  H afo d  

H eu lo g  M a r in e  Band i s  e a s i l y  r e c o g n i s e d  b e c a u s e  i t  

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

t w o - c o a l  d e v e l o n m e n t  ( F i g . 2 . 2 7 ) ,  a  f e a t u r e  w h i c h  i s  a l s o  

n r e s e n t  f u r t h e r  w e s t  w h e r e  t h e  m a r i n e  b a n d  i s  f u l l y

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

sm oo th  t o  s l i g h t l y  s i l t y  m u d s t o n e  c o n t a i n i n g  t h e  worm 

m a r k in g s  F l a n o l i t e s  s n . an d  Gy r o c o r t e  c a r b o n a r i a  and  

p y r i t e  b l e b s  and  g r a n u l e s .  T h i s  c y d o t h e m  v a r i e s  f ro m  

j u s t  o v e r  0 .5m t o  5^  c o a r s e n i n g  u n w a r d s  i n t o  a  s i l t y  

m u d s to n e  o r  e v e n  a  s i l t s t o n e ;  i n  t h e  d r i f t s  a t  T r e f o r g a n  

C o l l i e r y  i t  i s  w h o l l y  made u p  o f  a  weak s e a t e a r t h  mud

s t o n e  j u s t  o v e r  h a l f  a m e t r e  t h i c k  and  t h e  n o s i t i o n  o f

t h e  m a r i n e  b an d  i s  r e p r e s e n t e d  by O.Ogm o f  n y r i t e  l e n s e s

i m m e d i a t e l y  ab o v e  t h e  l o w e r  c o a l  s e am .  The c o a l  o v e r -  

l y i n g  t h e  c y c l o t h e m  i s  a l s o  a  t h i n  seam v a r y i n g  f ro m  

0.02m. t o  0 .23m :  i n  D u l a i s  V a l l e y  B o r e h o l e  H o , 2 no c o a l  

i s  p r e s e n t  o n l y  a  s e a t e a r t h .

The o v e r l y i n g  c y c l o t h e m  w h i c h  s e p a r a t e s  t h i s  t h i n  c o a l  

seam f ro m  t h e  p o s i t i o n  o f  t h e  B r i t a n n i c  M a r in e  Band 

v a r i e s  f ro m  3m t o  13m i n  t h i c - o i e s s .  The l o w e s t  

l i t h o l o g i c a l  u n i t  v a r i e s  f ro m  a sm o o th  t o  a  s i l t y  mud

s t o n e  : i t  c o a r s e n s  u n w a r d s  i n t o  t h e  s e a u e n c e  o f  s i l t s t o n e s  

and  s a n d s t o n e s  w h i c h  d o m i n a t e  t h i s  c y c l o t h e m .  I t  i s  t h e
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d e v e l o p m e n t  o f  t h i s  s a n d s t o n e / s i l t s t o n e  f a c i e s  w h ic h  

i n f l u e n c e s  t h e  t h i c k n e s s  o f  t h e  c y c l o t h e m .  The t h i n  

unnamed c o a l  a t  t h e  t o p  o f  t h i s  c y c l o t h e m  v a r i e s  f r o m  

0 .06m t o  0 .20m  t h i c k .

The c y c l o t h e m  i m m e d i a t e l y  a b o v e  t h i s  t h i n  c o a l  o p e n s  

w i t h  a s m o o th  t o  s i l t y  g r e y  m u d s to n e  c o n t a i n i n g  t h e  worm 

m a r k in g s  F l a n o l i t e s s n . and  G y r o c o r t e  c a r b o n a r i a  and  

some G o c h l i c h n u s  k o c h i  ( P i g . 2 . 2 8  ). T h e r e  a r e  n o r m a l l y  

n y r i t e  b l e b s  and  some n y r i t e  g r a n u l e s  j u s t  ab o v e  t h e  c o a l  

w h ic h  d e n o t e  t h e  n o s i t i o n  o f  t h e  B r i t a n n i c  M a r in e  Band.  

Once a g a i n  t h e  n o s i t i o n  o f  a  b an d  w h i c h  i s  a  w e l l  

d e v e l o n e d  m a r i n e  b a n d  e l s e w h e r e  i s  h e r e  m ark ed  by worm 

m a r k in g s  and  n y r i t e  i n d i c a t i n g  a  q u a s i - m a r i n e  e n v i r o n 

m en t  c l o s e  t o  s h o r e  ( G a l v e r ,  1969 ). The c y c l o t h e m  

c o a r s e n s  u p w a r d s  i n t o  a  s i l t s t o n e  o r  s a n d s t o n e  and  v a r i e s  

f ro m  a n n r o x i m a t e l y  10m t o  l9m i n  t h i c k n e s s .  I t  i s  n o t  

a lw a y s  P o s s i b l e  t o  d e t e r m i n e  t h e  t o n  o f  t h i s  c y c l o t h e m  

b e c a u s e  i t  i s  m a rk e d  by a  t h i n  s e a t e a r t h  w h i c h  i s  so m e 

t i m e s  w a s h e d  o u t  b y  a  s a n d s t o n e  c o n t i n u o u s  w i t h  t h e  

s a n d s t o n e  a t  t h e  t o n  o f  t h e  c y c l o t h e m .  The d e v e l o n m e n t  

o f  an  i m n e r s i s t e n t  s e a t e a r t h  a t  t h i s  n o s i t i o n ,  w h i c h  i s  

s o m e t im e s  w ash ed ,  o u t  b y  a  s a n d s t o n e ,  i s  a l s o  s e e n  f u r t h e r  

w e s t  i n  t h e  G w e n d r a e t h  V a l l e y .  The g r e a t  v a r i a b i l i t y  i n  

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

n o t  a f u n c t i o n  o f  t h e  s a n d s t o n e  s o m e t i m e s  n r e s e n t  a t  t h e  

t o n  o f  i t .

.’. 'here  t h e  t o n  o f  t h i s  c y c l o t h e m  c a n  be r e c o g n i s e d  i t  may 

be m ark ed  by  t h e  p r e s e n c e  o f  a  s e a t e a r t h  o r  m e r e l y  by 

t h e  p r e s e n c e  o f  r o o t s .  The o v e r l v i n g  c y c l o t h e m  i s  t h i n
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a r ) p r o x i m a ' t e l y  4m i n  t h i c k n e s s  a n d  u s u a l l y  o u e n s  w i t h  a  

s a n d s t o n e  w h i c h  may be  t h e  o n l y  l i t h o l o g y  i n  t h e  c y c l o t h e m .  

The s a n d s t o n e  s o m e t i m e s  n a s s e s  u p w a r d s  i n t o  a  s l i g h t l y  

s i l t y  o r  s m o o th  m u d s t o n e .  The c o a l  a t  t h e  t o p  o f  t h i s  

c y c l o t h e m  i s  t h i n  v a r y i n g  f r o m  0 . 0 5 m t o  0 .29m a n d  i s  o f  

no e c o n o m i c  i m n o r t a n c e ; h o w e v e r ,  i t  i s  o f  g r e a t  s t r a t i -  

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

A e g i r a n u m  ( C e f n  Coed J M a r i n e  Band .

The A e g i r a n u m  ( C e f n  C o ed j  i s  t h e  b e s t  d e v e l o p e d  m a r i n e  

b a n d  w i t h i n  t h e  a r e a  o f  s t u d y  a s  w e l l  a s  a l o n g  t h e  

l e n g t h  o f  t h e  N o r t h  C ro p  o f  t h e  c o a l f i e l d .  The e x p l o r a t i o n  

p rogram m e a t  T r e f o r g a n  C o l l i e r y  a f f o r d e d  a n  e x c e l l e n t  

o p p o r t u n i t y  t o  e x a m i n e  t h e  m a r i n e  b a n d  i n  some d e t a i l ,  

p a r t i c u l a r l y  s i n c e  t h e  r e c o r d s  o f  t h e  tw o  o l d e s t  D u l a i s  

V a l l e y  B o r e h o l e s  do n o t  c o n t a i n  f a u n a l  d e t a i l s ,  b u t  

m e r e l y  i n d i c a t e  a  t h i c k n e s s  o f  m a r i n e  s t r a t a  s i t t i n g  

d i r e c t l y  on  c o a l . The new d r i f t s  a t  T r e f o r g a n  C o l l i e r y  

p r o v i d e d  a n  o p p o r t u n i t y  o f  e x a m i n i n g  t h i s  m a r i n e  b a n d :  

t h e r e  some 0 .60m  o f  s m o o t h ,  d a r k  g r e y  m u d s to n e  ^ i t  

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

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

t h e  b a n d  y i e l d e d  p o o r l y  p r e s e r v e d  O s t r a c o d s  a n d  L i n g u l a  s p . 

I t  was n o t  p o s s i b l e  t o  e x a m in e  t h e  s t r a t a  ab o v e  t h e  m a r i n e  

b a n d  i n  s u f f i c i e n t  d e t a i l  t o  d e t e r m i n e  i f  any  more m a r i n e

s t r a t a  w e r s  p r e s e n t .  H o w e v e r ,  t h e  l o g g i n g  o f  T r e f o r g s n  

B o r e h o l e  Numbers  2 , 5 , 4  and  6 p r o v i d e d  m uch  d e t a i l  o f  t h e  

n a t u r e  o f  t h e  A e g i r a n u m  ( C e f n  C o e d ;  M a r i n e  Band,  i n  e a c h  

o f  t h e s e  b o r e h o l e s  i t  was  r e c o v e r e d  i n  a n  u n d i s t u r b e d
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s t a t e  and c o u l d  be e x a m i n e d  i n  d e t a i l  ( P i g . 2 . 2 9  K Above 

t h e  t h i n  c o a l  a t  t h e  b o t t o m  o f  t h i s  c y c l o t h e m  i s  a  t h i c k  

b ed  o f  s m o o t h ,  t h i n l y  b e d d e d  m u d s t o n e  o f  b e t w e e n  9m and  

11m t h i c k n e s s , t h e  l o w e r  2m t o  5 .5m c o n t a i n s  n y r i t e  b l e b s  

and  g r a n n i e s  a s  w e l l  a s  n y r i t i s e d  t u b e s .  M a r in e  f a u n a  

was n o t  o b s e r v e d  i m m e d i a t e l y  a b o v e  t h e  c o a l  i n  any  o f  t h e  

b o r e h o l e s ,  a  s i t u a t i o n  o b s e r v e d  i n  t h i s  m a r i n e  b a n d  i n  

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

s u r f a c e  d r i l l i n g  a r o u n d  M a e s t e g  ( J .  A ebb ,  p e r s o n a l  

c o m m u n i c a t i o n ) . A t h i n  b a n d  o f  n o n - m a r i n e  s t r a t a  was a l s o  

o b s e r v e d  b e lo w  t h e  V a n d e r b e c k e i  (Amman) M a r in e  Band i n  t h e  

T r e f o r g a n  B o r e h o l e s  a s  d e t a i l e d  e a r l i e r  i n  t h i s  t h e s i s .

I n  T r e f o r g a n  B o r e h o l e  N o s . 2 a n d  6 t h e r e  was  a  s i n g l e  b a n d  

o f  m a r in e  s t r a t a  0 .3m  a n d  1 .6m t h i c k  r e s p e c t i v e l y ,  w h i c h  

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

s m e l l  B o n i a t i t e  s h e l l s ,  P o r a m i n i f e r a ,  f i s h  s c a l e s  and  f i s h  

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

In  T r e f o r g a n  B o r e h o l e s  5 and  4 t h e r e  a r e  two and  s i x  b a n d s  

o f  m’a r i n e  s t r a t a  r e s p e c t i v e l y .  The o v e r a l l  s e q u e n c e  i s  one 

o f  t h i n  b a n d s  o f  m a r i n e  muds t o  ne c o n t a i n i n g  s m a l l  G - o n i a t i t e  

s h e l l s ,  O s t r a c o d s ,  I b x a m i n i f e r a ,  O r b i c u l o i d e a  s p .  and  

L in .g n la  s p .  s e p a r a t e d  by t h i c k e r  r u n s  o f  s m o o t h ,  n o n - m a r i n e  

m u d s t o n e s  c o n t a i n i n g  a b u n d a n t  w e l l  p r e s e r v e d  E u e s t h e r i a  s p .

Above t h e  t o p m o s t  b an d  o f  m a r i n e  s t r a t a  a r e  sm o o th  mud

s t o n e s  w h i c h  c o a r s e n  u p w a r d s  i n t o  s l i g h t l y  s i l t y  o r  s i l t y  

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

p r e s e r v e d  E u e s t h e r i a  s p .  v / i t h  some O s t r a c o d s  and  F l a n o l i t e s  

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

c u l m i n a t e  i n  t h e  G o r l l w y n  Seam . The o v e r a l l  t h i c k n e s s  

o f  t h e  c y c l o t h e m  v a r i e s  f r o m  18m t o  56m, b e i n g  t h i c k e s t  

w h e re  t h e  s i l t s t o n e / s a n d s t o n e  s e q u e n c e  i s  t h e  t h i c k e s t .

The f a u n a l  d i s t r i b u t i o n  w i t h i n  t h i s  c y c l o t h e m  a n d  

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

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

a s  d e s c r i b e d  by  G a l v e r  1 9 0 9 . The d e t a i l s  r e c o r d e d  i n  

T r e f o r g a n  B o r e h o l e s  3 a n d  4 s u g g e s t  i n s t a b i l i t y  i n  t h e  

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

B o r e h o l e  3 s u g g e s t s  tv;o d i s t i n c t i v e  i n c u r s i o n s  a n d  

B o r e h o l e  4 s u g g e s t s  s i x ,  e a c h  s e p a r a t e d  by q u a s i - m a r i n e  

c o n d i t i o n s  w i t h  f i s h  r e m a i n s ,  E u e s t h e r i a  and  F l a n o l i t e s  

o p h t h a l m o i d e s . The p r e s e n c e  o f  P l a n t s  i n  t h e  m e a s u r e s  

i m m e d i a t e l y  ab o v e  t h e  u n d e r l y i n g  c o a l  s u g g e s t s  a  f a i r l y  

r a p i d  i n c u r s i o n ,  s i n c e  t h e  m e a s u r e s  p a s s  i n t o  m a r i n e  

m u d s t o n e s  w i t h i n  a f e w  m i l l i m e t r e s .  H o w e v e r ,  . a l l  

r e g r e s s i o n s  m u s t  h a v e  b e e n  much s l o w e r , w i t h  a b u n d a n t  

E u e s t h e r i a  s p .  a n d  F l a n o l i t e s  o p h t h a l m o i d e s  v /h ic h  p e r s i s m  

f o r  5m o r  6m and  w h i c h  g r a d u a l l y  p a s s  u p w a r d s  i n t o  c o a r s e r  

s i l t s t o n e s  and  s a n d s t o n e s  o f  a  more  p a r a l i c  e n v i r o n m e n t .

At t h e  t o p  o f  t h i s  c y c l o t h e m  t h e  d e v e l o p m e n t  o f  t h e

G o r l l w y n  a n d  G o r l l w y n  R i d e r  Beams d i s p l a y s  t h e  r a p i d

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

T h e s e  two seam s  c o m b in e  i n  t h e  R h o n d d a  V a l l e y  a r e a  a n d

a r o u n d  H i r w a u n  t o  fo rm  a  w o r k a b l e  c o a l  o f  a p p r o x i m a t e l y

1 . 20m; h o w e v e r  t h e  tv/o seam s  a r e  s e p a r a t e d  i n  t h e  D u l a i s

V a l l e y  a n d  a r e  u n w o r k a b l e .  B e c a u s e  o f  t h e  r a p i d  c h a n g e s

o f  e n v i r o n m e n t  w h i c h  o c c u r e d  a c r o s s  t h e  U p p e r  C a r b o n i f e r o u s
5 9 .  •



d e l t a s  w h i c h  f o r m e d  t h e  C o a l  M e a s u r e s  ( K e l l i n g  1 9 76)  

many seam s  i n  B o n th  V a l e s  a r e  p r o ne t o  s p l i t t i n g  ( P a r r y  

1966 ) .  H o w e v e r , t h e  G o r l l w y n  Seam an d  i t s  r i d e r  c o a l  a r e  

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

a  g r e a t e r  i r r e g u l a r i t y  i n  s t r u c t u r e  t h a n  seam s b e lo w .

K e l l i n g  ( 1 9 7 6 )  com m ented  on  a  m a j o r  c h a n g e  i n  d e l t a  

a c t i v i t y  a t  t h e  A e g i r a n u m  ( C e f n  Coed)  M a r in e  Band ( P i g . 2 . 3 0  

The more v a r i a b l e  n a t u r e  o f  c y c l o t h e m s  ab o v e  t h e  G o r l l w y n  

Seam may r e f l e c t  t h i s  c h a n g e  i n  p a l a e o g e o g r a p h y  

p a r t i c u l a r l y  i n  v i e w  o f  t h e  f a c t  t h a t  t h i s  a r e a  i s  s i t u a t e d  

on t h e  m a r g i n s  o f  K e l l i n g ' s  d e l t a  l o b e s  B and  C ( P i g . 2 . 3 0 ) -

The C o r l l w y n  Seam i s  a  d i r t y  s e a m , c o m p r i s i n g  a  s e r i e s  o f  

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

o r  s e a t e a r t h .  At i t s  t h i c k e s t  i t  r e a c h e s  0 .78m and  a t  i t s  

c l e a n e s t  i t  i s  a  "bwo-coal  s e c t i o n  w i t h  a  s i n g l e  d i r t  b a n d .  

O p e n c a s t  E x e c u t i v e  e x p l o r a t i o n  a t  t h e  h e a d  o f  t h e  D u l a i s  

V a l l e y  n e a r  Maesgwynne O p e n c a s t  S i t e  shows t h e  C o r l l w y n  

and C o r l l w y n  R i d e r  Seams t o  h a v e  c o m b in e d  t o  fo rm  a  

m u l t i b a n d e d  seam some 0 .46m  t h i c k  a s  i l l u s t r a t e d  f ro m  

t h e  o p e n c a s t  b o r e h o l e  N o . 4132 ( P i g . 2 . 3 1  ).  The s e p a r a t i o n  

b e t w e e n  t h e  two seam s  v a r i e s  f r o m  0 .87m  i n  T r e f o r g a n  

B o r e h o le  N o .6  t o  3m i n  D u l a i s  V a l l e y  B o r e h o l e  N o . 1 .  Nhen 

t h i n  t h e  s t r a t a  s e p a r a t i n g  t h e  two seam s  i s  a  s e a t e a r t h  

m u d s to n e  ; b u t  a s  i t  t h i c k e n s  i t  d e v e l o p s  i n t o  a  m u d s to n e  

and  s i l t y  m u d s t o n e .  The C o r l l w y n  R i d e r  Seam i s  t h i n  and  

d i r t y  : t y p i c a l l y  c o m p r i s i n g  t h i n  s t r e a k s  o f  c o a l ,  

c a r b o n a c e o u s  b a n d s  and  t h i n  b a n d s  o f  c o a l .  The s e c t i o n  

i n  T r e f o r g a n  B o r e h o l e  N o . 3 i l l u s t r a t e s  t h e  n a t u r e  o f  t h e  

seam :
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Goal

Mudstone,  ca rb o n ac e o u s  
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Local ly  t h e  seam may be t h i n  as  i n  th e  new d r i f t s  a t  

T re fo rgan  where t h e  c o a l  i s  0.20m, b u t  d i r t y .  The amount 

of c o m b u s t ib le s  w i t h i n  t h e  seam does n o t  v a ry  g r e a t l y  

between th e  two ty p e s  o f  seam s e c t i o n ,  t h e  c o a l  m ere ly  

sp reads  th ro u g h o u t  a t h i c k e r  s e c t i o n  o f  ca rb o n ac eo u s  

mudstone and s e a t e a r t h .

The o v e r l y i n g  cyc lo them  v a r i e s  from 4m to  12m and commences 

with  a smooth to  s l i g h t l y  s i l t y  m udstone ,  c o n t a i n i n g  

F l a n o l i t e s  s n . , w h ich  can  be up to  2m. t h i c k  b u t  i s  u s u a l l y  

t h i n n e r  and i s  sometimes a b s e n t .  The cyc lo them  i s  

dominated by a s a n d s to n e  and s i l t s t o n e  sequence v a r y i n g  

from 4.5m to  10.5m i n  t h i c k n e s s , and w h ich  has  an e r o s i v e  

base ,  t h e r e b y  d e t e r m in i n g  t h e  p r e s e n c e  o r  absence  o f  th e  

u n d e r ly in g  mudstone band .  The t h i c k n e s s  o f  t h i s  sandy 

seauence a l s o  i n f l u e n c e s  t h e  o v e r a l l  t h i c k n e s s  o f  th e  

cyclothem.

At t h e  to n  o f  t h i s  cyc lo them  i s  a t h i n  c o a l ,  t h e  Lower 

E ig h teen  Inch  Seam, th e  name E i g h t e e n  Inch  Seam i s  borrowed 

from th e  Maesteg a r e a .  T h i s  c o a l  seam v a r i e s  from 0.07m 

to 0.56m i n  t h i c l m e s s  and i s  t o o  t h i n  t o  have been  worked 

in  t h i s  a r e a .

The o v e r l y i n g  cyc lo them  v a r i e s  from 9m to  14m, a t h i c k n e s s

6 1
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v a r i a t i o n  c l o s e l y  r e l a t e d  t o  i t s  a r e n a c e o u s  c o m p o n e n t .

The c y c l o t h e m  o p e n s  v ; i t h  a  s m o o th ,  t h i n l y  b e d d e d  m u d s to n e  

c o n t a i n i n g  f l a n o l i t e s  s p . and  G y r o c o r t e  c a r b o n a r i a  and  

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

w h e re  t h e  c y c l o t h e m  i s  t h i c k e r , i n t o  a  s i l t s t o n e  o r  a  

s a n d s t o n e .  At t h e  t o p  o f  t h i s  c y c l o t h e m  i s  t h e  t h i n  

U pper  E i g h t e e n  I n c h  Seam: a  t h i n  c o a l  g e n e r a l l y  v a r y i n g  

b e tv /e en  0 . 10m a n d  0 .20m i n  t h i c k n e s s .

The i m m e d ia t e  r o o f  o f  t h e  U p p e r  E i g h t e e n  I n c h  Seam i s  

n o r m a l l y  a  s m o o th  t o  s l i g h t l y  s i l t y  m u d s to n e  w i t h  

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

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

so m e t im e s  a  s a n d s t o n e  a n d  v a r i e s  i n  t h i c k n e s s  f ro m  7m t o  

10m, d e p e n d i n g  u p o n  t h e  t h i c k n e s s  o f  t h e  s a n d s t o n e .  The 

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

o r  s a n d s t o n e  w h e re  i t  P a s s e s  i n t o  t h e  s e a t e a r t h  u n d e r 

l y i n g  t h e  l o w e r  P a r t  o f  t h e  f e n t r e  Seam.

The f e n t r e  Seam a s  p r o v e d  i n  t h i s  a r e a  i s  a  v a r i a b l e  g r o u p  

o f  t h i n  c o a l s .  They h a v e  b e e n  d i v i d e d  h e r e  i n t o  two 

g r o u p s , t h e  ' f e n t r e  G r o u p ' and  t h e  ' f e n t r e  H i d e r  G r o u p ’ , 

f o r  coni/e n i e n c e . The l7wo g r o u p s  o f  seams combine  i n  t h e  

l o w e r  r e a c h e s  o f  t h e  R hondda  V a l l e y  t o  fo rm  t h e  f e n t r e  

Seam w h ic h  i s  e x t e n s i v e l y  w o rk ed  i n  t h a t  .a rea .

The b a s e  o f  t h e  f e n t r e  Group  o f  seams h a s  b e e n  p l a c e d  

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

l o w e r  l e a f  o f  c o a l .  T h i s  l e a f  o f  c o a l  c o r r e l a t e s  w i t h  t h e  

b o t t o m  c o a l  o f  t h i s  g r o u p  i n  t h e  l û a e s t e g  a r e a ,  w h e re  t h e s e  

seam s a r e  b e t t e r  d e v e l o p e d  and  w h ere  t h e  l o w e r  c o a l  i s

6 2



c a l l e d  t h e  ’ l o v æ r  f e n t r e  Seam ’ , ( w ood land  êind Evans  19 o4 ). 

The n a r ro w  c o r e s  o f  t h e  T r e f o r g a n  b o r e h o l e s  d id  n o t  y i e l d  

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

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

t h i s  i s  t h e  l e a f  o f  c o a l  w h i c h  e q u a t e s  w i t h  t h e  l o w e r  

f e n t r e  Seam o f  m a e s t e g .

The r a p i d  l a t e r a l  v a r i a t i o n s  i n  t h e s e  two g r o u p s  o f  t h i n  

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

hav e  b e e n  s u b j e c t e d  t o  r a p i d  c h a n g e s  o f  e n v i r o n m e n t ,  r a t e  

o f  d e p o s i t i o n  o f  s e d i m e n t ,  b a s i n  s u b s i d e n c e / e m e r g e n c e  an d  

d i s t r i b u t a r y  p o s i t i o n .  The p a t t e r n  o f  c y c l o t h e m s  now 

p r e s e n t  i n  t h e  D u l a i s  V a l l e y  i n  t h i s  p a r t  o f  t h e  c o lu m n  

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

seams and  t h e  d e p o s i t i o n  and  s u b s e q u e n t  r e m o v a l  o f  c o a l  

seams by d i s t r i b u t a r y  a c t i o n  m a k in g  i n t e r p r e t a t i o n  v e r y  

co m p le x .  At b e s t  one c a n  t e n t a t i v e l y  g r o u p  t h e  seam s i n t o  

i?No g r o u p s ,  w h ic h  a r e  s e p a r a t e d  by a  s a n d s t o n e  w h i c h  i s  

n o r m a l l y  w e l l  d e v e l o p e d  ( P i g . 2 . 3 2  ) .

The g r o u p  o f  c o a l s  l y i n g  b e lo w  t h e  s a n d s t o n e  have  b e e n  

c o n v e n i e n t l y  g r o u p e d  t o g e t h e r  a s  t h e  C e n t r e  Group o f  Seams 

T h i s  g r o u p  s p a n s  3^ t o  12m o f  s t r a t a  and  c o n t a i n s  a n y w h e re  

b e tw e e n  1 and  5 c o a l  h o r i z o n s :  i n  some i n s t a n c e s  t h e

w h o le  g r o u p  h a s  b e e n  w a s h e d  o u t ,  i n  o t h e r s  some o f  t h e  

u p p e r  c o a l s  may h av e  b e e n  w a s h e d  o u t .  I t  i s  e x t r e m e l y  

d i f f i c u l t  t o  c o r r e l a t e  i n d i v i d u a l  l e a v e s  o f  c o a l  w i t h i n  

t h i s  g r o u p  and  w i t h  no p r e v i o u s l y  d o c u m e n te d  s t r a t i g r a p h i e  

co lu m n  f o r  t h e  D u l a i s  V a l l e y  s u c h  a  t a s k  w o u ld  r e q u i r e  a  

d i s p r o p o r t i o n a t e  am ount  o f  t i m e  f o r  t h e  r e s u l t s  w h i c h  

w o u ld  be o b t a i n e d .
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T h i s  g r o u p  o f  c o a l s  i s  s e p a r a t e d  f ro m  t h e  o v e r l y i n g  

P e n t r e  R i d e r  Group o f  c o a l  seams by a  s a n d y  c y c l o t h e m  

w h i c h  may h a v e  a  t h i n  m u d s to n e  o r  s i l t y  m u d s to n e  a t  t h e  

b a s e .  I n  D u l a i s  V a l l e y  B o r e h o l e  N o . 2 t h e  s a n d s t o n e  f a c i e s  

c a n  be s e e n  a s  p a r t  o f  a  c o a r s e n i n g  u p w a r d s  d e v e l o p m e n t  

f rom  m u d s to n e  t o  s i l t y  m u d s to n e  t o  s i l t s t o n e  t o  s a n d s t o n e .  

I n  t h i s  b o r e h o l e  t h e  s a n d s t o n e  i s  2m t h i c k  : e l s e w h e r e  i t  

may be a s  t h i c k  a s  3 Dm and  e r o d e s  m o s t  o f  t h e  c o a l s  w i t h i n  

t h e  C e n t r e  G ro u p ,  f o r  ex am p le  i n  t h e  new d r i f t s  a t  

T r e f o r g a n  w h ere  t h i s  g r o u p  i s  r e p r e s e n t e d  by a  s i n g l e  t h i n  

c o a l .

Above t h e  s a n d s t o n e  t h e  P e n t r e  R i d e r  G roup  o f  beams 

d i s p l a y s  t h e  same r a p i d  c h a n g e s  o f  s t r u c t u r e  a s  was s e e n  

i n  t h e  P e n t r e  G ro u p .  The g r o u p  v a r i e s  f r o m  4m t o  10m i n  

t h i c k n e s s  and  may c o n t a i n  b e t w e e n  2 and  5 c o a l  h o r i z o n s  

w h ic h  a r e  d i f f i c u l t  t o  c o r r e l a t e  i n d i v i d u a l l y  ; h o 'w e v e r , t h e  

g r o u p  as  a  w h o le  i s  e a s i l y  i d e n t i f i e d  b e c a u s e  t h e  u p p e r 

m o s t  c o a l  seam h a s  t h e  P o r a m i n i f e r a  R a r i n e  Band i n  i t s  

r o o f .

The P o r a m i n i f e r a  M a r in e  Band i s  one o f  t h e  few m a r in e  

h o r i z o n s  i n  t h e  D u l a i s  V a l l e y  w h i c h  h a s  y i e l d e d  a  m a r in e  

f a u n a .  T h i s  h o r i z o n  e v e r y w h e r e  c o n t a i n s  p y r i t e  b l e b s ,  

p y r i t e  g r a i n s  and  p y r i t e  t u b e s  c o n t a i n e d  i n  a  s m o o th ,  v e r y  

d a r k  g r e y  m u d s to n e  w h i c h  becom es  l i g h t e r  i n  c o l o u r  u p w a r d s .  

The band n o r m a l l y  c o n t a i n s  f l a n o l i t e s  s p .  and  t h e  l a r g e r  

F l a n o l i t e s  o p h t h a l m o i d e s : i t  may c o n t a i n  L i n g u l a  s p .  and  

p o o r l y  p r e s e r v e d  O s t r a c o d s : t h e  P o o r l y  p r e s e r v e d  r e m a i n s  

o f  m a r in e  P o r a m i n i f e r a  a r e  u n i v e r s a l l y  p r e s e n t  i n  t h e  

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

c o r e  r e c o v e r y  and  an d  c o r e  e x a m i n a t i o n  r a t h e r  t h a n  t h e  

a b s e n c e  o f  t h e  P o r a m i n i f  e r a .  O nly  i n  T ie f  o r g a n  B o r e h o l e  

N o . 3 do n o n - m a r i n e  s t r a t a  s e p a r a t e  t h i s  m a r i n e  b a n d  

f ro m  t h e  u n d e r l y i n g  c o a l  : e v e r y v / h e r e  e l s e  t h e  m a r i n e  b an d  

s i t s  d i r e c t l y  on  t h e  c o a l .  Only a  s i n g l e  p h a s e  o f  m a r i n e  

a c t i v i t y  i s  a t t r i b u t e d  t o  t h i s  m a r i n e  b a n d  and  t h a t  i s  

r e p r e s e n t e d  by a  b a n d  o f  m u d s t o n e  v a r y i n g  f ro m  0 .40m t o  

3.10m i n  t h i c k n e s s . T h i s  m a r i n e  m u d s to n e  c o a r s e n s  u p w a r d s  

i n t o  a s i l t y  m u d s to n e  a n d  th e m  a  s i l t s t o n e : i n  one i n s t a n c e  

a  t h i n  s a n d s t o n e  was  o b s e r v e d  ( P i g . 2 . 3 3 ) .

Above t h i s  c o a r s e  m a t e r i a l  a t  a  d i s t a n c e  o f  b e t w e e n  an d  

15m above  t h e  t o p  o f  t h e  P e n t r e  R i d e r  G roup  o f  beams i s  t h e  

c o n t r o v e r s i a l  P i v e  Roads  ^ - a r i n e  Band .  As s u g g e s t e d  by t h e  

n a m e , t h i s  m a r i n e  b a n d  was  f i r s t  i d e n t i f i e d  i n  t h e  v i l l a g e  

o f  P i v e  Roads  and  h a s  c a u s e d  c o n t r o v e r s y  s i n c e  b e i n g  

i d e n t i f i e d  b e c a u s e  no s e a t e a r t h  o r  c o a l  h o r i z o n  l i e s  b e t w e e n  

i t  .and t h e  P o r a m i n i f e r a  M a r i n e  Band:  t h e r e  i s  no p r e v i o u s  

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

H ence ,  d o u b t  h a s  b e e n  t h r o w n  o n  t h e  o r i g i n a l  i d e n t i f i c a t i o n  

o f  t h i s  m a r i n e  b a n d .

P o l l o w i n g  t h i s  e x p l o r a t i o n  program m e and  a  c l o s e  e x a m i n a t i o n  

o f  t h e  r e s u l t s ,  t h e  P i v e  Roads  M a r i n e  Band h o l d s  l i t t l e  

m y s t e r y  and  i s  c e r t a i n l y  n o t  u n i q u e  w i t h i n  t h e  s t r a t i g r a p h i e  

r e c o r d  o f  S o u t h  .V ales .  F i r s t l y  t h e r e  i s  t h e  Q u e s t i o n  o f  

v / h e t h e r  t h i s  m a r i n e  b a n d  e x i s t s  o r  n o t ,  and  t h e r e  c a n  be 

l i t t l e  d o u b t  t h a t  i t  d o e s .  A common b an d  o f  g ro u n d  c a n  be 

i d e n t i f i e d  a c r o s s  t h e  a r e a  3f  s t u d y  w h i c h  r e p r e s e n t s  a u a s i -  

m a r i n e  c o n d i t i o n s :  f i n e r - g r a i n e d  g r o u n d ,  t h e  T e s e n c e  o f
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p y r i t e  b l e b s  and  p y r i t e  g r a i n s ,  w e l l  p r e s e r v e d  worm 

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

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

w h ic h  a l s o  t y p i f i e s  o t h e r  m a r i n e  h o r i z o n s  i n  t h e  D u l a i s  

V a l l e y  s u c h  a s  t h e  B r i t a n n i c  and  H afo d  H e u lo g  b a n d s  w h i c h  

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

t h e  U c p e r  C a r b o n i f e r o u s  s h o r e l i n e  i n  t h i s  a r e a  and  w h i c h  

a r e  r e p r e s e n t e d  by  q u a s i - m a r i n e  d e p o s i t s .  T\;o b o r e h o l e s  

c o n f i r a  t h i s  a s  a  t r u e  m a r i n e  h o r i z o n  by y i e l d i n g  s m a l l  

m a r in e  G o n i a t i t e s  and  P o r a m i n i f e r a , t h e r e b y  c o n f i r m i n g  t h e  

e x i s t e n c e  o f  t h e  P i v e  Roads  M a r in e  Band.

As t o  t h e  s e c o n d a r y  p r o b le m  o f  h a v i n g  two m a r in e  b a n d s  i n  

t h e  same c y c l o t h e m ,  t h i s  may be d e a l t  w i t h  i n  one o f  two 

w a y s .  A l t h o u g h  no c o a l  h o r i z o n  o r  s e a t e a r t h  h a s  e v e r  b e e n  

r e c o r d e d  b e t w e e n  t h e s e  two m a r i n e  b a n d s ,  i n  T r e f o r g a n  b o r e 

h o l e  Ho. j  t h e  s l i g h t l y  s i l t y  m u d s to n e  u n d e r l y i n g  t h e  

h o r i z o n  o f  t h e  P i v e  Hoads M a r in e  Band c o n t a i n s  r o o t s .  The 

a r g u m e n t  c o u l d  be p r o p o u n d e d  t h a t  a  v e r y  p o o r l y  d e v e l o p e d  

c o a l  h o r i z o n  d o es  e x i s t  b e low  t h i s  m a r i n e  b a n d ,  t h e r e b y  

c r e a t i n g  t h e  u s u a l  s t r u c t u r e  o f  a  c y c l o t h e m .  The a u t h o r ,  

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

t h i s  a r g u m e n t  d o e s  t e n d  t o  e x t r a p o l a t e  a  few  r o o t s  a  l o n g  

way.

A much more r e a l i s t i c  a r g u m e n t  i s  t h e  one t h a t  no c o a l  

h o r i z o n  i s  r e q u i r e d  b e t w e e n  two b a n d s  o f  m a r in e  s t r a t a .

The so c a l l e d  A eg i ranum  ( C e f n  Coed) M a r in e  Band,  when 

e x a m in e d  i n  d e t a i l  i s  t h e  A eg i ran u m  (C e fn  C o e d ) i - a r i n e  

B ands ,  w i t h  up  t o  s i x  s e p a r a t e  b a n d s  o f  m a r in e  s t r a t a  

s e p a r a t e d  by  bands  o f  q u a s i - m a r i n e  m u d s t o n e s  and  o c c u p y i n g
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u p  t o  10m o f  g r o u n d .  .The P i v e  Roads  M ar in e  Band h a s  

b e e n  o b s e r v e d  i n  t h i s  v a l l e y  a t  b e t w e e n  5 ^  and  15m ab o v e  

t h e  t o n  o f  t h e  P e n t r e  R i d e r  Group  o f  Seam s.  T h u s ,  i t  i s  

no -nore an  u n u s u a l  nhenoraenon t h a n  t h e  A eg i r a n u m  (C e fn  

Goed;  M a r in e  B a n d , a  w e l l  d o c u m e n te d  m a r in e  i n c u r s i o n  

w h i c h  i s  c l e a r l y  a  s e r i e s  o f  s e p a r a t e  m a r in e  i n c u r s i o n s  

t a k i n g  P lace  w i t h i n  a  s i n g l e  p e r i o d  o f  m a r in e  a c t i v i t y .

I t  seems a b u n d a n t l y  l i k e l y  t h a t  o t h e r  w e l l  developed 

m a r i n e  bands w o u ld  show a  s i m i l a r  s t r u c t u r e  i f  good 

exposures o f  f r e s h  m a t e r i a l  w e r e  a v a i l a b l e  f o r  

i n s p e c t i o n  i n - s i t u .  The h y p o t h e s i s  suggested h e r e  i s  

t h a t  t h e  P i v e  Roads M a r in e  Band c e r t a i n l y  e x i s t s  a s  a  

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

u n d e r l y i n g  P o r a m i n i f e r a  M a r in e  Band i s  n o r m a l  and  i s  i n  

k e e p i n g  w i t h  o t h e r  Phases o f  m a r in e  a c t i v i t y  i n  t h e  U p p e r  

C a r b o n i f e r o u s  C o a l  M e a s u r e s  o f  S o u t h  H a l e s .

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

a  s i l t s t o n e  o r  s a n d s t o n e  s e q u e n c e .  The t h i c k n e s s  o f  t h e  

w h o le  c y c l o t h e m  from  t h e  t o p  o f  t h e  P e n t r e  R i d e r  Group o f  

Seams t o  t h e  t h i n  c o a l  o c c u r r i n g  above  t h e  P i v e  Roads 

M a r in e  Band v a r i e s  f ro m  13m t o  21m, a  v e r y  s m a l l  v a r i a t i o n  

t h i s  h i g h  i n  t h e  m e a s u r e s .  The t h i n  c o a l  a t  t h e  t o p  o f  

t h e  c y c l o t h e m  v a r i e s  f ro m  0 . 07m t o  0.15m and  i s  o f  no 

e c o n o m ic  v a l u e ,  i t  i s  r e a d i l y  i d e n t i f i e d  b e c a u s e  i t  s i t s  

a bove  t h e  P i v e  Roads M a r in e  Band and  be low  t h e  Red V e i n .

The o v e r l y i n g  c y c l o t h e m  i s  v e r y  r e g u l a r  b e i n g  11m t o  12m 

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

t h e . o c c a s i o n a l  b r e a k  w h e re  t h e  l i t h o l o g y  i s  a  s i l t s t o n e
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o r  c o a r s e  s i l t y  m u d s t o n e .  At t h e  t o p  o f  t h e  c y c l o t h e m  

i s  t h e  Red V e i n ,  w h i c h  i s  0 .82m' t o  1 .06m  t h i c k .  I t  i s  

e x t e n s i v e l y  w o rk e d  f ro m  G l y n n e a t h  t o  Ammanford and  i s  t h e  

seam w h ic h  t h e  o l d  T r e f o r g m  d r i f t s  w o rk e d  p r o f i t a b l y  

and w h ic h  f u r t h e r  w e s t ,  i s  t h e  seam w o rk ed  a t  A b e r n a n t  

C o l l i e r y .  The seam c o n t i n u e s  t o  t h i c k e n  w e s t w a r d s  t o  t h e  

Betws D r i f t  M ine ,  w h e r e  i t  i s  u p  t o  1 .60m t h i c k  and  i s  

t h e  o n l y  seam e x p l o i t e d  by t h i s  u l t r a - m o d e r n ,  h i g h l y  

p r o f i t a b l e  m i n e .  The c y c l o t h e m  above  t h e  Red V e in  i s  9m 

t o  14m t h i c k  an d  b e g i n s  w i t h  a  s l i g h t l y  s i l t y  m u d s to n e  

w h i c h  c o a r s e n s  u p w a r d s  t o  a  s i l t y  m u d s t o n e ;  t h i s  m u d s to n e  

c o n t a i n s  E u e s t h e r i a  s p . , a  v e r y  u s e f u l  c o r r e l a t i o n  t o o l .  

Above t h e  s i l t y  m u d s to n e  i s  a  c o a r s e - g r a i n e d ,  v e r y  l i g h t  

g r e y ,  c r o s s - b e d d e d  s a n d s t o n e  v ;h ic h  h a s  a  s t r o n g l y  e r o s i v e  

b a s e  and v /h ich  c u t s  down t h r o u g h  t h e  u n d e r l y i n g  s i l t y  

m u d s to n e  l e a v i n g  p o c k e t s  o f  r e m n a n t  m u d s to n e  be low  t h e  

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

d u r i n g  m i n i n g  o p e r a t i o n s .  The s a n d s t o n e  may c u t  down i n t o  

t h e  c o a l  and some w a s h o u t  c h a n n e l s  h a v e  o c c u r r e d  i n  t h e  

t o p  l e a f  o f  c o a l  a t  T r e f  o r g a n  C o l l  i e r y  and a t  Eeirws D r i f t  

M i n e , a g a i n  c a u s i n g  m i n i n g  p r o b l e m s .  The s a n d s t o n e  may 

P e r s i s t  u p w a rd s  t o  t h e  t o p  o f  t h e  c^^c lo them ;  o r  i t  may 

be b r o k e n  by b a n d s  o f  c o a r s e  s i l t y  m u d s to n e  o r  s i l t s t o n e .

E l s e w h e r e  t h e  s a n d s t o n e  f i n e s  u p w a r d s  i n t o  a  s i l t s t o n e  

o r  s i l t y  m u d s to n e  w h i c h  t h e n  p a s s e s  u p  i n t o  t h e  s e a t -  

e . a r t h  u n d e r l y i n g  t h e  n e x t  c o a l  s eam .  The s a n d s t o n e  i s  

w e l l  d o cum en ted  a c r o s s  t h i s  a r e a  o f  t h e  c o a l f i e l d  b u t  was  

a b s e n t  i n  T r e f o r g a n  B o r e h o l e  N o . 5 ,  w h e re  t h e  s l i g h t l y  

s i l t y  m u d s to n e  r o o f  m .easures  o f  t h e  Red V e in  c o n t i n u e
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t h r o u g h o u t  t h e  e n t i r e  c y c l o t h e m  ( P i g . 2 . 3 4 ) .

The t h i n  c o a l  a t  t h e  t o n  o f  t h e  c y c l o t h e m  v a r i e s  f ro m  a  

smut  o f  c o a l  t o  0 .10m i n  t h i c k n e s s .  I t s  i m p o r t a n c e  l i e s  

i n  t h e  f a c t  t h a t  i t  h a s  t h e  l o w e r  Cvvm G ors  m a r in e  Band i n  

i t s  im m e d ia t e  r o o f ,  u n f o r t u n a t e l y  r e c o r d s  o f  t h i s  m a r i n e  

band a r o u n d  T r e f o r g a n  O o l l i o r y  a r e  n o t  a s  e x t e n s i v e  a s  

one wou ld  h a v e  l i k e d . T r e f o r g a n  B o r e h o l e s  4 and 5 w ere  

o p e n - h o l e d  down t o  t h e  p o s i t i o n  o f  t h e  Red V e in  and  t h e  

s t r a t i g r a p h i e  r e c o r d  a b o v e  t h i s  seam i s  b a s e d  on an  

i n t e r p r e t a t i o n  o f  t h e  g e o p h y s i c a l  r e c o r d s  o f  t h e s e  tovo 

b o r e h o l e s .

A l t h o u g h  t h e  l i t h o l o g i c a l  r e c o r d  i s  a  r e a s o n a b l e  one 

t h e r e  i s  o b v i o u s l y  no r e c o r d  o f  f a u n a ,  n o r  i s  t h e r e  a  

r e c o r d  o f  s t r a t a  d i n s  an d  h e n c e  l i t t l e  d a t a  on t h e  t e c t o n i c  

s e t t i n g  o f  t h e s e  s e c t i o n s . The r e c o r d s  o f  t h e  tv/o D u l a i s  

V a l l e y  B o r e h o l e s  a r e  i n c o m p l e t e , r e c o r d i n g  l i t t l e  o f  t h e  

f a u n a  o r  d i n s ,  l i k e w i s e  t h e  Llv;yn-Onn B o r e h o l e  r e c o r d s  

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

t h i s  h o r i z o n  u p w a r d s  t h e  e f f e c t s  o f  t e c t o n i c s  c a n n o t  be 

p r o p e r l y  a s s e s s e d  and  t h e r e  i s  l i t t l e  o r  no f o s s i l  

e v i d e n c e .

The Lower Owm D ors  i i a r i n e  Band was e x a m in e d  i n  t h e  c o r e s  

i n  T r e f o r g a n  B o r e h o l e  N o . 3 and  i n  t h e  T r e f o r g a n  D r i f t s , 

t h e  r e p o r t s  on t h e  irwo D u l a i s  V a l l e y  B o r e h o l e s  r e c o r d  a  

t h i c k n e s s  o f  m a r in e  s t r a t a .  I n  T r e f o r g a n  B o r e h o le  B o . 3 

t h e  m a r in e  band  s i t s  d i r e c t l y  o n  t h e  u n d e r l y i n g  c o a l  a n d  

c o m p r i s e s  2 .80m o f  g r e y , s l i g h t l y  s i l t y  m ud s to n e  w h i c h  

y i e l d s  p y r i t e s ,  f i s h  s c a l e s ,  m u s s e l s ,  P l a n o l i t e s
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o p h t h a l m o i d e s  and  O r b i c u l o i d e a  s p .  I n  t h e  d r i f t s  a t  

T r e f o r g a n  t h e  c y c l o t h e m  was f a u l t e d  and  t h e  c o a l  h o r i z o n  

a b s e n t ;  h o w e v e r ,  g r e y ,  s l i g h t l y  s i l t y  m u d s t o n e s  3̂ i e l d  

p y r i t e s ,  P l a n o l i t e s  s p .  and  O s t r a c o d s .  The c y c l o t h e m  

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

t h i n  (0 .80m )  s a n d s t o n e  b a n d s  o c c u r s  a t  t h e  t o p  o f  t h e  

c y c l o t h e m  i n  t h e  T r e f o r g a n  D r i f t s  and t h i n  s a n d s t o n e s  

o c c u r  i n  T r e f  o r g a n  B o r e h o l e s  4 and 5 .  O v e r a l l  t h e  

c y c l o t h e m  v a r i e s  f r o m  20m t o  26m i n  t h i c k n e s s  and  h a s  t h e  

Lower .Velsh V e in  a t  t h e  t o p .

The Lower .Velsh V e in  i s  a  t h i n ,  t h o u g h  w o r k a b l e  c o a l  : 

t h e  b o r e h o l e s  and  d r i f t s  p r o v e  t h i c k n e s s e s  v a r y i n g  f ro m  

0.20m to  0 .48m and  t h e  seam  h a s  b e e n  e x p l o i t e d  i n  s m a l l  

m i n i n g  o p e r a t i o n s .  The c y c l o t h e m  ab o v e  i t  v a r i e s  f ro m  

13m t o  22m i n  t h i c k n e s s  and  a l s o  h a s  a  v a r i a b l e  l i t h o l o g y .  

I n  t h e  Llwyn-Onn B o r e h o l e  and  T r e f o r g a n  B o r e h o l e s  4 and  5 

t h e  c y c l o t h e m  i s  a  t h i c k  d e v e l o p m e n t  o f  sm o o th  t o  s l i g h t l y  

m u d s t o n e .  I n  t h e  D u l a i s  V a l l e y  B o r e h o l e  H o . l ,  i n  T r e f o r g a n  

B o r e h o le  TIo.3 and  i n  t h e  T r e f  o r g a n  D r i f t s  t h e  c y c l o t h e m  

o p e n s  w i t h  t h e  same s m o o th  m u d s t o n e s  b u t  t h e n  c o a r s e n s  

u p w a r d s  i n t o  a  s l i g h t l y  m u d s t o n e ,  t h e r e  i s  a l s o  a  m in o r  

s a n d s t o n e  d e v e l o p m e n t  ; o n l y  i n  D u l a i s  V a l l e y  B o r e h o l e  

ÎTo.2 d o e s  t h e  c y c l o t h e m  c o a r s e n  u p w a rd s  i n t o  a  w e l l  

d e v e l o p e d  s i l t s t o n e .  T h i s  c y c l o t h e m  c o n t a i n s  t h e  M id d le  

Owm Gors  M a r in e  B a n d , a n o t h e r  c o n t r o v e r s i a l  m a r in e  band  

v/hose e x i s t e n c e  i s  d e b a t e d .  I n  t h e  T r e f  o r g a n  D r i f t s  t h e  

m a r in e  band  d i r e c t l y  o v e r l i e s  t h e  Lower .Velsh V e in  and  

c o m p r i s e s  2m o f  t h i n l y  b e d d e d  m u d s to n e  c o n t a i n i n g  p y r i t e , 

m u s s e l s ,  P l a n o l i t e s  s p .  and  f i s h  s c a l e s  and  f i s h  s p i n e s .
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I n  ï r e f o r g a n  B o r e h o l e  No.3  t h e  m a r i n e  s t r a t a  a r e  s e p a r a t e d  

f r o m  t h e  u n d e r l y i n g  c o a l  by 4m o f  n o n - m a r i n e  m u ds tone  

and t h e  m a r i n e  b an d  i t s e l f  i s  some 2m o f  sm o o th  m u d s to n e  

c o n t a i n i n g  F l a n o l i t e s  s n . ,  m u s s e l s  and  f i s h  s c a l e s  and  

t e e t h .  T h e re  i s  no r e c o r d  o f  m a r i n e  s t r a t a  i n  t h i s  

c y c l o t h e m  i n  t h e  t v i o  D u l a i s  V a l l e y  B o r e h o l e s .

The c o a l  a t  t h e  t o n  o f  t h i s  c y c l o t h e m  i s  0 .15m a t  i t s  

t h i c k e s t  and  may be a s  p o o r l y  d e v e l o p e d  a s  0 .15m o f  c o a l  

s t r e a k s ,  t h e  d e v e l o p m e n t  o f  c o a l  was  n o t  t h i c k  e n ough  t o  

r e g i s t e r  on t h e  g e o p h y s i c a l  l o g s  i n  T r e f o r g a n  B o r e h o l e s  4 

and  5 and so  i s  l e s s  t h a n  0 .08m  t h i c k .  A g a in  t h i s  c o a l  

i s  o f  no e c o n o m ic  v a l u e  b u t  i s  o f  g r e a t  g e o l o g i c a l  

i m p o r t a n c e  b e c a u s e  t h e  C a m b r i e n s e  (U n n e r  Cwm Oors  ) i . . a r in e  

Band i s  i n  t h e  i m m e d i a t e  r o o f  and  t h e  d i v i s i o n  b e t w e e n  

t h e  k i d d l e  and  TTnner C o a l  T re a s u re s  i s  a t  t h e  t o n  o f  t h i s  

m a r in e  b a n d .

The r e c o r d s  o f  t h i s  v e r y  i m p o r t a n t  m a r i n e  b and  w i t h i n  

t h i s  w ork  a r e .  r e g r e t t a b l y  l i m i t e d .  I n  t h e  r e p o r t i n g  o f  t h e

O u a l i s  V a l l e y  B o r e h o l e  N o . 2 ,  t h e  o f f i c e r s  o f  t h e  t h e n

G e o l o g i c a l  S u r v e y  r e c o r d e d  1 .5m  o f  u n s p e c i f i e d  m a r in e  s t r a t a

c o n t a i n i n g  p y r i t e s  : s u r p r i s i n g l y  t h e s e  m a r i n e  s t r a t a  a r e

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

b a n d .  The o n l y  r e c o r d  was i n  t h e  new d r i f t s  a t  T r e f o r g a n

w h e re  3m o f  s l i g h t l y  s i l t y  m u d s to n e  w e re  r e c o r d e d  c o n t a i n i n g

F l a n o l i t e s  s p . , t h e  b o t t o m  O.SOm c o n t a i n e d  m u s s e l s  and

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

d e s c r i p t i o n  ' m a r i n e  b a n d '  s e n s u  s t r i c t ^ , t h i s  i s  u n d o u b t e d l y

t h e  h o r i z o n  o f  t h e  C a m b r i e n s e  (U pper  Cvm G o r s j  k a r i n e  Band ,

w h i c h  i s  h e r e  r e p r e s e n t e d  by n u a s i - m a r i n e  c o n d i t i o n s  c l o s e r  

t o  t h e  s h o r e - l i n e  t h a n  t r a e  m a r in e  w a t e r s .
 <9 A _



2 . 5 . 3  The Upper  Goal  P leasu re s

The c y c l o t h e m s  i n  t h e  U ppe r  C o a l  U e a s u r e s  a r e  d o m i n a t e d  

by s a n d s t o n e s  t y p i f y i n g  a n  u p p e r  d e l t a i c  e n v i r o n m e n t  

r e c e i v i n g  a r e n a c e o u s  d e p o s i t s  f rom  a  s y s t e m  o f  m e a n d e r i n g  

s t r e a m s  and d i s t r i b u t a r i e s  ( h e l l i n g . 1 9 7 6 ) ,  t h e r e  a r e  no 

m a r in e  b a n d s  and v e r y  few l a m e l l i b r a n c h  b a n d s .  T h i c k ,  

e c o n o m i c a l l y  i m p o r t a n t  c o a l  seams a r e  r a r e  i n  t h e s e  m e a s u r e s ,  

seams a r e  v a r i a b l e  l a t e r a l l y ,  t h i c k e n i n g  and t h i n n i n g  o v e r  

s h o r t  d i s t a n c e s .  W i t h i n  t h e  a r e a  o f  s t u d y  o n l y  one seam 

h a s  b e e n  w i d e l y  e x p l o i t e d ,  t h e  N o . 2 Rhondda Beam, w h i c h  i s  

c u r r e n t l y  b e i n g  w orked  a t  B l a e n a n t  C o l l i e r y ,  t h e  o n l y  

c o l l i e r y  i n  t h e  w e s t e r n  p a r t  o f  t h e  c o a l f i e l d  w o r k i n g  i n  

t h e  U pper  C o a l  U e a s u r e s .

The U pper  C o a l  U e a s u r e s  i s  by f a r  t h e  t h i c k e s t  o f  t h e  t h r e e  

d i v i s i o n s  o f  t h e  C o a l  U e a s u r e s ,  i t  c o n t a i n s  a  l a r g e  number  

of  c o a l  s e a '13. I t  c o m p r i s e s  t h e  u p p e r  P o r t i o n s  o f  t h e  o l d  

’ Lower C o a l  o h a l e s ’ d i v i s i o n ,  a l l  t h e  o l d  ’P e n n a n t  B e r i e s ’ 

and  a l l  t h e  o l d  ’Upper  C o a l  W h a l e s . ’ o i t h i n  t h e  a r e a  o f  

s t u d y  t h e  p o r t i o n  o f  t h e  U pper  C o a l  U e a s u r e s  p r e s e n t  i n c l u d e s  

t h e  m e a s u r e s  up  t o  t h e  b a s e  o f  t h e  o l d  ’T e n n a n t  o e r i e s ’ w i t h  

i t s  t h i c k  s a n d s t o n e s  and  t h e  l o w e r  P a r t  o f  t h e  ’ T e n n a n t  

S e r i e s ’ : t h e  l o w e s t  ’ P e n n a n t ’ s u b d i v i s i o n  t h e  L l y n f i  B eds ,  

t h e  Rhondda Beds ,  t h e  B r i t h d i r  Beds and  t h e  l o w e r  p a r t  o f  

t h e  Hughes Be-i s , ( f o o d l a n d  and  S t e p h e n s  1957 ). I n  a l l  t h e r e  

a r e  some 550m P r e s e n t ,  a s m a l l  P o r t i o n  o f  t h e  Upper  Goal  

U e a s u r e s .
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2 . 5 . 3 . 1

L l y n f i  Beds

The L l y n f i  Beds a r e  t h e  l o w e s t  s u b d i v i s i o n  o f  t h e  U pper  

G oal  U e a s u r e s .  The b a s e  o f  t h e  L l y n f i  Beds c o i n c i d e s  

w i t h  t h e  b a s e  o f  t h e  U p p e r  G o a l  M e a s u r e s  and  i s  t a k e n  a s  

t h e  t o p  o f  t h e  U pper  Cwm G o rs  M a r in e  Band.  The L l y n f i  

Beds a r e  n o t  t y p i c a l  ’p e n n a n t  M e a s u r e s ’ i n  t h i s  a r e a ,  t h e  

t h i c k  s a n d s t o n e  d e v e l o p m e n t s  a r e  a b s e n t ,  a s  a r e  t h e  v e r y  

t h i c k  c y c l o t h e m s  a s s o c i a t e d  w i t h  t h e s e  s a n d s t o n e s .  The 

L l y n f i  Beds a r e  180m t h i c k  i n  t h i s  a r e a :  t h e  b a s e  o f  t h e  

o v e r l y i n g  Rhondda Beds i s  t a k e n  h e r e  a s  t h e  b a s e  o f  t h e  

B a y n e ’ s Seam.

The l o w e s t  c y c l o t h e m  i n  t h e  U p p er  G o a l  U e a s u r e s  o v e r l i e s  

t h e  C a m b r ie n s e  (U pper  Cwm C a r s )  M a r in e  Band,  w h i c h  h a s  b e e n  

d e t a i l e d  i n  t h e  ab o v e  s e c t i o n .  The c y c l o t h e m  a s  a  w ho le  

h a s  n o t  b e e n  d i s c u s s e d  an d  i t  i s  a p p r o p r i a t e  t o  do t h a t  

h e r e .

The c y c l o t h e m  o p e n s  w i t h  a  s l i g h t l y  s i l t y  t o  s i l t y  m u d s to n e  

w h i c h  h a s  t h e  C a m b r i e n s e  (U p p e r  Cwm C o r s )  M a r in e  nand  i n  i t s  

l o w e s t  p o r t i o n ,  t h i s  l o w e s t  p o r t i o n  b e i n g  i n  t h e  M id d le  

C oa l  M e a s u r e s .  I n  g e n e r a l  t h e  c y c l o t h e m  c o a r s e n s  u p w a r d s  

a l t h o u g h  some d e v e l o p m e n t s  o f  m u d s to n e  may be p r e s e n t ,  i t  

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

h a l f  m e t r e  o f  s a n d s t o n e  s o m e t im e s  p r e s e n t  ( P i g . 2 .3 5  ). I n  

t h e  new d r i f t s  a t  T r e f o r g a n  C o l l i e r y  t h e r e  i s  1 .2m  o f  

t h i n l y  b e d d e d  s l i g h t l y  s i l t y  m u d s to n e  above  t h i s  s a n d s t o n e  

w h i c h  t h e n  p a s s e s  u p w a r d s  i n t o  t h e  s e a t e a r t h  u n d e r l y i n g  

t h e  Lower P i n c h i n  Beam.
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The Lower P i n c h i n  Seam i s  one o f  t h e  t h i c k e r  seams i n  

t h i s  p a r t  o f  t h e  G oa l  M e a s u r e s , i t  h a s  b e e n  w o rk ed  i n  

s e v e r a l  s m a l l  m i n e s  and by t h e  O p e n c a s t  E x e c u t i v e  on  some 

of  i t s  s i t e s .  I n  t o t a l  t h e  seam  may be n e a r l y  2m t h i c k ,

"but t h e  s e c t i o n  i s  a  d i r t y  one  ( P i g . 2 . 3 5 ) ,  a  t y p i c a l  s e c t i o n  

i s  :

C o a l  0 . 36m

S e a t e a r t h  0 .85m

C o a l  0 . 53m

T o t a l  1 .74m

The s e a m ' s  p o s i t i o n  j u s t  a b o v e  t h e  C a m b r i e n s e  (Upper  Cwm 

d o r s ) M a r in e  B a n d , i t s  t h i c k n e s s  and i t s  f a i r l y  r e g u l a r  tw o -  

c o a l  s t r u c t u r e  makes  t h e  seam a  r e a d i l y  r e c o g n i s a b l e  o n e .

Above t h e  Lower P i n c h i n  Seam c y c l o t h e m s  c o n t i n u e  t o  d i s p l a y  

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

become i n c r e a s i n g l y  i m p o r t a n t  and  a s  t h e y  do t h e y  c a u s e  

c y c l o t h e m s  t o  l o o s e  t h e i r  r e g u l a r i t y  b o t h  by c r e a t i n g  w a s h 

o u t s  i n  t h e  c o a l  h o r i z o n s  and  by t h e  v a r i a t i o n  t h e y  c a u s e  

i n  t h e  t h i c k n e s s  o f  c y c l o t h e m s  a s  a  r e s u l t  o f  t h e i r  l a c k  o f  

c o m p r e s s i b i l i t y  d u r i n g  l i t h i f i c a t i o n .  C o a l  seams and  t h e i r  

s e a t e a r t h s  a r e  i m p o v e r i s h e d  and  t h e i r  t h i c k n e s s  v a r i e s  r a p i d l y  

o v e r  v e r y  s h o r t  d i s t a n c e s .

The h i g h l y  v a r i a b l e  p a t t e r n  o f  s e d i m e n t a t i o n  c a n  be s e e n  i n  

t h e  g r o u p  o f  c y c l o t h e m s  o c c u r r i n g  be tv/e en  t h e  Lower P i n c h i n  

Seam and  t h e  U p p e r  .Velsh V e in  ( P i g . 2 . 3 6  ). L e t a i l e d  

c o r r e l a t i o n  o f  seam s i n  t h e s e  m e a s u r e s  i s  e x t r e m e l y  d i f f i c u l t

7 4



IIEIAILS OF THE STRATA B E T W E E N  THE LOWER PINCHIN SEAM AND THE UPPER WELSH VEIN
L L W Y N - O N N
B O R E H O L E

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

« R O U N D  M D E R G R O U N D  B O R E H O L E  N a 2  B O R E H O L E  N o . 1  B O R E H O L E  N n 5  B O R E H O L E  N o t

I PP E R  W E L S H  V E I N

mOF OF LOWER PINCHIN S E A M

^  0 8 m .
C .0 7 0 m .

C. 0-ffim . 
d. 0  08m . 
C. O U m . C .0 -2 5 m . 

d . 0  0 2 m . 
C O  25  m.0 2 3 m .OOOBm

d.O 7 9 m / /  
C .S tr.010 fnXX

IC. B d s .

C.OOSm
-C O 0 5  m.

C .O iS m CD-20 m.
1 1 0 - 1 0  m .  
C .0 -2 3 m .

I...Î
1X X 

X̂X
W-

i C .O -lG m / 
I D  18m 
C.0-33m 1

C O 6 5 m.

C ,0-08m

C .O -lO m . 
St.0 3 3 m . 
C .D 4 2 m .

C .0 2 5 m  
d .Q -ffim - 
C .D 10m  
d  D 95m  
C. 0-03 m

i Sc ale' [ . 0  3 5 m .

I-10 m:

H i

F i g u r e  2 . 3 6



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

f a u n a l  e v i d e n c e ,  c h e m i c a l  a n a l y s e s  a n d  w i t h o u t  s t r u c t u r a l  

d a t a ,  t h e  t a s k  i s  made e v e n  more d i f f i c u l t .

The i n t e r v a l  f ro m  t h e  Lower P i n c h i n  Seam t o  t h e  U p p e r  J e l s h  

V e in  i s  s u r n r i s i n g l y  r e g u l a r ,  b e i n g  66m t o  70m , H o w e v e r , 

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

s i m i l a r i t y  i n  d e t a i l  o v e r  t h i s  s e c t i o n  o f  t h e  U p p e r  Goal  

M e a s u r e s .  S a n d s t o n e  i s  t h e  s i n g l e  m o s t  common l i t h o l o g y  

and  i t s  e f f e c t s  on  t h e  p a t t e r n  o f  c y c l o t h e m s  c a n  be 

r e a d i l y  s e e n .  T h e r e  a r e  f i v e  c y c l o t h e m s  b e tv /e e n  t h e s e  two 

named seam s  b u t  o n l y  t h e  l o w e s t  d i s u l a y s  any  r e g u l a r i t y ,  

a b o v e  t h i s  l o w e s t  c y c l o t h e m  t h e  t h i c k n e s s  o f  i n d i v i d u a l  

c y c l o t h e m s  v a r y  g r e a t l y :  some c o a l  s ea m s  and  t h e i r  s e a t 

e a r t h s  may be a b s e n t  l o c a l l y ,  a  f e a t u r e  o f  n o n - d e u o s i t i o n  

o r  o f  c o s t -  d e u o s i t i o n a l  e r o s i o n ;  c o a l  s eam s  d i s p l a y  r a u i d  

c h a n g e s  o f  d e v e l o p m e n t ,  v a r y i n g  f ro m  c o a l  t h r o u g h  i n f e r i o r  

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

o v e r  r e l a t i v e l y  s h o r t  d i s t a n c e s  a r e  t y p i c a l  o f  t h e  

s e d i m e n t a r y  e n v i r o n m e n t  o b s e r v e d  i n  t h i s  p a r t  o f  t h e  s e q u e n c e .

The U p p e r  V e l s h  V e i n ,  a  seam t h i c k  e n o u g h  t o  h a v e  b e e n  

w o r k e d  a n d  t h e r e f o r e  nam ed,  d i s p l a y s  some v a r i a t i o n  i n  

t h i c k n e s s .  The seam i s  n o r m a l l y  o f  t h e  o r d e r  o f  0 .70m t h i c k ,  

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

G o a l  0 .03m

M u d s t o n e ,  c a r b o n a c e o u s  U.05m

C o a l  0 ,15m

M u d s t o n e ,  c a r b o n a c e o u s  U.u5m

G oa l  U. 55th
U. oSm

75 .



A l t h o u g h  t h i s  seam  d i s p l a y s  a  r e a s o n a b l e  d e g r e e  o f  

c o n s i s t e n c y  i t  was  o n l y  0 .08m  t h i c k  i n  t h e  new d r i f t s  a t  

T r e f o r g a n  C o l l i e r y .

Above t h e  U o p e r  V e l s h  V e in  i s  a  t h i n  c y c l o t h e m  v a r y i n g  

f ro m  5m t o  8m i n  t h i c k n e s s  a n d  w h i c h  u s u a l l y  o p e n s  w i t n  a  

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

m u d s to n e  o r  a  s i l t s t o n e .  T h i n  s a n d s t o n e s  may d e v e l o p  w i t h 

i n  t h i s  c y c l o t h e m ,  a  f e a t u r e  w h ic h  i s  e c u a l l y  t r u e  o f  

a l m o s t  any  c y c l o t h e m  w i t h i n  t h e s e  u p ^ e r  p o r t i o n s  o f  t h e  

C o a l  M e a s u r e s .  The seam a t  t h e  t o n  o f  t h i s  c y c l o t h e m  may 

be w a s h e d o u t  b u t  when p r e s e n t  i s  t h i n  and  i s  u s u a l l y  a 

t w o - c o a l  s e c t i o n :

G o a l  0 . 1 üm

C a r b o n a c e o u s  L 'uds tone  0 .10m

C o a l  0 . 0 5  HI

T o t a l  0 .25m

The o v e r l y i n g  c y c l o t h e m  i s  a l m o s t  t o t a l l y  co m p o sed  o f  o n e  

l i t h o l o g y ,  s a n d s to n e * ,  a l t h o u g h  a  t h i n  m u d  s t o n e  b a n d  may 

d e v e l o p  above  t h e  s a n d s t o n e ,  t h e  t h i c k n e s s  o f  t h e  c y c l o t h e m  

v a r i e s  f ro m  15m t o  20m. At t h e  t o r  o f  t h e  c y c l o t h e m  i s  t h e  

U ppe r  P i n c h i n  Seam, one o f  t h e  s l i g h t l y  t h i c k e r  seam s w h i c h  

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

seam o f  some O.SOm t o  0 .7 5 m .

Above t h e  U p p e r  P i n c h i n  Seam i s  t h e  U p p e r  P i n c h i n  R i d e r  

Seam w h i c h  v a r i e s  f r o m  0 .40m  t o  0 .55m i n  t h i c k n e s s ,  a g a i n  

a  seam w h i c h  i s  t h i c k  e n o u g h  t o  be r e c o g n i s e d  and  p e r s i s t e n t  

e n o u g h  t o  be o b s e r v e d  o v e r  w id e  a r e a s ,  m ak in g  i t  a n o t h e r  

f a i r l y  u s e f u l  seam f o r  c o r r e l a t i o n .  The m e a s u r e s  l y i n g
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be tv/e en  t h e s e  two seam s o p e n  w i t h  a  t h i n l y  b e d d e d  mud

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

The g e o p h y s i c a l  l o g s  r u n  i n  T r e f o r g a n  B o r e h o l e s  4 and  5 

s u g g e s t  t h a t  s a n d s t o n e s  may a l s o  d e v e l o n  w i t h i n  t h i s  

c y c l o t h e m  ( P i g . 2 . 3 7  )

The new d r i f t s  a t  T r e f o r g a n  C o l l i e r y  s t a r t e d  j u s t  above  

t h e  U nner  P i n c h i n  R i d e r  Beam, so  t h a t  t h e  s t r a t a  above  

t h i s  seam h a s  n o t  b e e n  e x a m in e d  i n  s i t u .  Only  T r e f o r g a n  

B o r e h o l e  N o . 5 p a s s e d  t h r o u g h  t h e  m e a s u r e s  ab o v e  t h i s  seam 

and t h i s  n o r t i o n  o f  t h e  b o r e h o l e  was o p e n - h o l e d ,  so  t h a t  

o n l y  t h e  g e o p h y s i c a l  l o g s  r u n  i n  t h i s  b o r e h o l e  p r o v i d e  

any  i n f o r m a t i o n  o n  t h i s  p a r t  o f  t h e  s e q u e n c e .

The c y c l o t h e m  ab o v e  t h e  U p p e r  P i n c h i n  R i d e r  Seam i s  24m 

t h i c k  and m a i n l y  made u p  o f  m u d s t o n e s  w i t h  i n f e r i o r  

d e v e l o p m e n t s  o f  s i l t y  m u d s t o n e s  and s a n d s t o n e s .

2 . 5 . 3 . 2

Rhondda Beds

The Rhondda  Beds a r e  t h e  s u b d i v i s i o n  o f  t h e  U pper  G oa l  

U e a s u r e s  w h i c h  a r e  s i t u a t e d  i m m e d i a t e l y  ab o v e  t h e  L l y n f i  

Beds .  They a r e  270m t h i c k  i n  t h i s  a r e a  and  d i s p l a y  a 

v e r y  P r o n o u n c e d  c h a n g e  i n  s e d i m e n t o l o g y  f r o m  t h e  u n d e r -  

I v i n g  L l y n f i  B eds .  A r g i l l a c e o u s  c y c l o t h e m s  s i m i l a r  t o  

t h o s e  so  common i n  t h e  m e a s u r e s  be low  t h e  Rhondda  Beds 

c o n t i n u e ,  b u t  a  new d e v e l o p m e n t  a r e  t h i c k  a r e n a c e o u s  

c y c l o t h e m s  i n  w h i c h  s a n d s t o n e s  a r e  f r e q u e n t l y  o v e r w h e l m i n g l y  

d o m i n a n t :  t h e s e  c y c l o t h e m s  a r e  f r e q u e n t l y  t h i c k e r  t h a n  

60m and mav be a s  t h i c k  a s  135m.
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The b a s a l  c o a l  o f  t h e  N o . 2 Rhondda  G roup  o f  Seams i s  h e r e  

t a k e n  a s  t h e  b a s e  o f  t h e  R ho n d d a  B e d s ,  i t  s i t s  a t  t h e  t o n  

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

g r o u p  o f  c o a l s  a r e  t h e  l o c a l  r e p r e s e n t a t i v e  o f  t h e  N o . 2 

Rhondda Seam o f  t h e  R hondda  V a l l e y .  The seam h a s  s P l i t  

i n t o  t h i s  t h r e e  seam d e v e l o p m e n t  a t  G l y n - n e a t h ,  t h e  t h r e e  

seam d e v e l o p m e n t  i s  t h e n  p r e s e n t  f r o m  G l y n - n e a t h  w e s t w a r d s  

a c r o s s  t h e  c o a l f i e l d .  I n  t h e  Rhondda  V a l l e y s  t h e  N o . 2 

Rhondda  Seam m a r k s  t h e  b a s e  o f  t h e  o l d  ’P e n n a n t  S a n d s t o n e  

S e r i e s ’ , .and i t  i s  i m m e d i a t e l y  ab o v e  t h i s  t h i c k  seam t h a t  

t h e  t h i c k ,  m a s s i v e  P e n n a n t  s a n d s t o n e s  a r e  d e v e l o p e d .  As 

t h e  seam s p l i t ’ s  w e s t w a r d s  o n e  o f  t h e  t h r e e  seam s i s  

u s u a l l y  o f  t h e  o r d e r  o f  1 .20m  t o  1 . 50m t h i c k  and  h a s  

f r e q u e n t l y  b e e n  w o r k e d .  The seam w h i c h  h a s  b e e n  w o rk e d  

h a s  i n v a r i a b l y  t a k e n  t h e  name o f  t h e  N o . 2 Rhondda ;  

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

i t  i s  n o t  a lw a y s  t h e  same l e a f  o f  c o a l  w h i c h  h a s  b e e n  

e x p l o i t e d .  The seam w h i c h  i s  m o s t  commonly t h e  t h i c k ,  

w o rk e d  seam i s  t h e  t o p  one and  i t  i s  common p r a c t i c e  t o  

name t h i s  seam t h e  N o . 2 R hondda  Seam.

The No.2  Rhondda G roup  o f  Seams and  t h e  m e a s u r e s  above  u p  

t o  t h e  l e v e l  o f  t h e  G ly n g w i ly m  Seam w e r e  e x a m in e d  i n  r e c e n t  

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

C o l l i e r y .  T h e se  b o r e h o l e s  w e r e  o n e n - h o l e d  t o  j u s t  b e lo w  

t h e  N o . l  Rhondda Seam and  t h e n  c o r e d  t o  t h e i r  t o t a l  d e p t h .

A s u i t e  o f  g e o p h y s i c a l  l o g s  was r u n  i n  t h e s e  b o r e h o l e s ,  so 

t h a t  a  l i t h o l o g i c a l  co lu m n  h a s  b e e n  c o n s t n i c t e d  f o r  t h i s  

e n t i r e  s e c t i o n  o f  t h e  C o a l  U e a s u r e s .  The i n t e r p r e t a t i o n  

o f  t h e  g e o p h y s i c a l  l o g s ,  t h e  c o r e  e x a m i n a t i o n  and  t h e

78.



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

d r i l l i n g  r e s u l t s  was  u n d e r t a k e n  by  N .G .B .  g e o l o g i s t s .  The 

comments  c o n t a i n e d  h e r e i n  a n d  t h e  o v e r v i e w  p r e s e n t e d  a r e  

e n t i r e l y  t h e  r e s p o n s i b i l i t y  o f  t h e  p r e s e n t  a u t h o r .

The l o w e s t  seam o f  t h e  so  c a l l e d  ’N o . 2 Rhondda  G r o u p ’ i s  

t h e  P a y n e s  Seam, w h i c h  c a n  be j u s t  o v e r  a  m e t r e  t h i c k ,  

b u t  i s  c o m p r i s e d  o f  r a p i d l y  a l t e r n a t i n g  c o a l  and  d i r t  b a n d s  

r e s u l t i n g  i n  a seam o f  p o o r  q u a l i t y .  The c y c l o t h e m  a b o v e  

t h e  P ay n e s  Seam o p e n s  w i t h  a s m o o th  m u d s t o n e  and  g r a d e s  

u p w a r d s  t o  a  s a n d s t o n e  ( P i g . 2 . 3 3 ) .  The s a n d s t o n e  may 

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

s e a t e a r t h  s a n d s t o n e ;  o r  may become f i n e r  g r a i n e d  P a s s i n g  

u p w a r d s  i n t o  a s i l t v  m u d s t o n e  o r  s i l t s t o n e  t o  r e s u l t  i n  a  

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

The P a n t  Rhyd-y-TXvr Seam o c c u r s  a t  t h e  t o p  o f  t h i s  c y c l o t h e m  

and  t y p i c a l l y  h a s  a  two c o a l  s e c t i o n  ( P i g . 2 . 3 8 ) :

Goal  0 .35m

P u d s t o n e  c a r b o n a c e o u s  0 .04m

C o a l  0 .25m

S u b o r d i n a t e  d i r t  b a n d s  10mm o r  20mm t h i c k  may d e v e l o p  

l o c a l l y  so t h a t  t h e  seam i s  n o t  a n  a t t r a c t i v e  c o m m e r c i a l  

p r o p o s i t i o n .  The c y c l o t h e m  a b o v e  t h e  P a n t  R hyd-y-D w r  Seam 

o p e n s  w i t h  a  sm o o th  m u d s to n e  an d  t e n d s  t o  c o a r s e n  u p w a r d s  

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

c o a r s e n  o n l y  t o  a s i l t y  m u d s t o n e ,  o r  t o  a s a n d s t o n e .  The 

s u b s e q u e n t  f i n i n g  u p w a r d s  may t h e n  p r o g r e s s  t o  a  s i l t y  

m u d s to n e  o r  a  s m o o th  m u d s t o n e  d e p e n d i n g  u p o n  t h e  c o a r s e n e s s

o f  t h e  s e d i m e n t s  l o w e r  i n  t h e  c y c l o t h e m .  At B l a e n a n t  C o l l i e r y
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t h i s  c y c l o t h e m  v a r i e s  b e t w e e n  and 8m, b u t  t h i c k e n s  

e a s tw a rd s  so  t h a t  i n  T r e f o r g a n  B o r e h o le  N o .5 ,  t h e  o n ly  

T r e f o r g a n  b o r e h o l e  t o  n a s s  t h r o u g h  m e a s u r e s  t h i s  h i g h  i n  

the s t r a t i g r a p h i e  co lum n ,  i t  i s  11m t h i c k .

The seam a t  t h e  t o p  o f  t h i s  c y c l o t h e m  i s  t h e  one knov;n 

as t h e  ’N o . 2 Rhondda Seam ’ i n  t h e  D u l a i s  V a l l e y ,  i t  h a s  

been w o rk ed  e x t e n s i v e l y  b o t h  i n  t h e  N e a t h  and D u l a i s  

V a l l e y s .  B l a e n a n t  C o l l i e r y  i s  t h e  o n l y  d e e p  mine 

o p e r a t i n g  i n  t h i s  seam a t  t h e  p r e s e n t  and p r o v i d e s  u s e f u l  

i n f o r m a t i o n  on  t h e  seam s e c t i o n .  The l o w e s t  two l e a v e s  

of  c o a l  a r e  i n f e r i o r  and  h i g h  i n  s u l p h u r ,  t h e y  a r e  

g e n e r a l l y  l e s s  t h a n  0 .10m t h i c k  i n  t o t a l .  They s p l i t  

away f rom  t h e  m a in  l e a f  o f  c o a l  i n  a  n o r t h e r l y  d i r e c t i o n  

to  c r e a t e  a  c y c l o t h e m  w h i c h  r e a c h e s  a  maximum t h i c k n e s s  

of  4.5m i n  t h i s  a r e a .  T h i s  c y c l o t h e m  t e n d s  t o  be a  

s l i g h t l y  s i l t y  t o  s i l t y  m u d s to n e  t h r o u g h o u t .  ( B i g . 2 . 5 8  ).

The m ain  s e c t i o n  o f  c o a l  v a r i e s  b e t w e e n  1 .20m and 1.50m 

i n  t h i c k n e s s  and c o n t a i n s  a num ber  o f  t h i n  ban d s  o f  

c a r b o n a c e o u s  m u d s to n e .  These  m u d s to n e  b a n d s  v a r y  i n  

t h i c k n e s s  and  i n  t h e i r  p o s i t i o n  w i t h i n  t h e  seam,  so  t h a t  

th e  t e r m  ’a v e r a g e  s e c t i o n ’ i s  m e a n i n g l e s s  i n  t h e  c a s e  o f  

t h i s  seam. The b a n d s  o f  m uds tone  a c c o u n t  f o r  a p p r o x i m a t e l y  

30^ o f  t h e  t o t a l  t h i c k n e s s  o f  t h e  m a in  l e a f  o f  c o a l .

The N o . 2 Rhondda Beam l o c a l l y  m arks  t h e  b a s e  o f  t h e  

’T e n n an t  S a n d s t o n e s ' ,  t h i c k  s h e e t  s a n d s t o n e s  d e p o s i t e d  i n  

an u p p e r  d e l t a i c  e n v i r o n m e n t  ( K e l l i n g ,  1 9 7 6 j ( B i g . 2 .3 9  ).

The c y c l o t h e m  o v e r l y i n g  t h e  seam i n  t h i s  a r e a  d e m o n s t r a t e s  

t h e  t h i c k  a r e n a c e o u s  n a t u r e  o f  t h e s e  d e p o s i t s ,  i t  v a r i e s
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from 55m t o  7 0 m i n  t h i c k n e s s  and i s  d o m i n a t e d  by s a n d 

s t o n e s .  The c y c l o t h e m  n o r m a l l y  o p e n s  w i t h  a  s l i g h t l y  

s i l t y  r ' .udstone  w h ic h  g r a d e s  u p w a r d s  i n t o  a  s a n d s t o n e .

This  s e q u e n c e  i s  f r e q u e n t l y  d i s r u p t e d  by a  m a s s i v e  s a n d 

s to n e  d e v e l o p m e n t  w h i c h  h a s  an  e r o s i v e  b a s e ,  so t h a t  p a r t  

or  a l l  o f  t h e  c o a r s e n i n g  u p w a rd s  s e q u e n c e  i s  n o r m a l l y  

a b s e n t ,  i n  e x t r e m e  c a s e s  some o f  t h e  seam may a l s o  have  

been  rem oved  a f t e r  d e p o s i t i o n  and  r e p l a c e d  by s a n d s t o n e .  

C o n g lo m era te  b a n d s  u s u a l l y  o c c u r  a t  o r  n e a r  t h e  b a s e  o f  

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

i n  a s a n d s t o n e  m a t r i x  ( P i g . 2 . 4 0  ).

T h ic k  ^ p e n n a n t  s a n d s t o n e '  d e v e l o p m e n t s  s u c h  a s  t h e  one 

o b s e r v e d  i n  t h i s  c y c l o t h e m  f r e q u e n t l y  c o n t a i n  a  number  o f  

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

m easu re  m a t e r i a l  i n  a  s a n d s t o n e  m a t r i x  and  e a c h  h a s  an  

e r o s i v e  b a s e ,  s u c h  t h a t  t h e  c o n g l o m e r a t e  c u t s  down i n t o  

t h e  u n d e r l y i n g  s a n d s t o n e  u n i t .  Slump s t r u c t u r e s  a r e  

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

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

s e d i m e n t .

The s a n d s t o n e s  so p r e v a l e n t  i n  t h e  ' P e n n a n t  M e a s u r e s '  a r e  

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

m a s s i v e .  îTo p é t r o g r a p h i e  s t u d y  o f  t h e  s a n d s t o n e s  i s  

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

t h a t  q u a r t z  g r a i n s  a r e  t h e  m o s t  common, w i t h  s u b o r d i n a t e  

f e l d s p a r s ,  so  t h a t  t h e  s a n d s t o n e s  may be c l a s s e d  a s  s u b -  

g r e y w a c k e s  ( P e t t i j o h n  1957 ). The g r a i n s  a r e  p a r t i a l l y  

c em e n te d  w i t h  q u a r t z , a n d  c l a y  m i n e r a l s  make u p  a  m a t r i x  

o c c u p y i n g  t h e  r e m a i n i n g  v o i d s .  The m o s t  a p p a r e n t  ' . l e a v y
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Sketch Of The Basal Conglomerate 
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1/2 Natural S ca le .
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m i n e r a l s  a r e  i r o n s t o n e  p e l l e t s  and g r a i n s  o f  i r o n  p y r i t e s .

The t h i c k  s a n d s t o n e  s o m e t im es  p a s s e s  u p w a rd s  i n t o  2m o r  3m 

of s i l t y  m u d s t o n e s ,  o r  may be s u c c e e d e d  above  by t h e  n e x t  

t h i n  c o a l  seam.  T h i s  seam i s  0 .05m t h i c k  a t  most  and  may 

be r e p r e s e n t e d  by o n l y  s t r e a k s  o f  c o a l  ( P i g . 2 .4 1  )« E l s e 

where i n  t h e  c o a l f i e l d  t h e r e  i s  a  TTo.2 Rhondda R i d e r  Seam, 

bu t  t h e r e  i s  n o t h i n g  t o  c o r r e l a t e  t h i s  t h i n  c o a l  w i t h  any 

o t h e r  seam and i t  i s  h e r e  l e f t  unnamed.

As w i t h  t h e  N o .2 Rhondda Seam a  s i l t y  m u d s to n e  may be 

p r e s e n t  above  t h i s  seam o f  c o a l ,  o r  may be w a s h e d .o u t  by 

the  t h i c k  s a n d s t o n e  w h i c h  o c c u p i e s  m os t  o f  t h i s  c y c l o t h e m  

( P i g . 2 . 4 0 , ) .  The s a n d s t o n e  p a s s e s  u p w a rd s  i n t o  a  s i l t y  

mudstone and t h i s ,  i n  t u r n ,  i s  s u c c e e d e d  by  t h e  R o . l  

Rhondda Seam. The i n t e r v a l  f ro m  t h i s  t h i n ,  unnamed seam to  

the  m a in  c o a l  o f  t h e  N o . l  Rhondda Seam v a r i e s  o n l y  s l i g h t l y  

from 60m t o  o5m i n  t h i c k n e s s .  However ,  t h e  l o w e s t  l e a f  o f  

c o a l  h e r e i n  a t t r i b u t e d  t o  t h e  Nol Rhondda R i d e r  Seam 

d e v e lo p s  a t  d i f f e r e n t  s t a g e s  i n  t h i s  c y c l o t h e m .  The l o w e s t  

l e a f  o f  c o a l  r e c o r d e d  and  a t t r i b u t a b l e  t o  t h e  N o . l  Rhondda 

Seam o c c u r s  o n l y  40m above  t h e  u n d e r l y i n g  un-nam ed  seam.  I t  

i s  an  i m p e r s i s t e n t  band  o f  c o a l  w h ic h  i s  so m e t im e s  w ashed  

ou t  and  so m e t im es  n o t  d e v e l o p e d .

.Vhere p r e s e n t  i t  i s  o v e r l a i n  by a  t h i c k  s a n d s t o n e  w h i c h  

f i n e s  u pw ards  i n t o  a  s i l t y  m u d s t o n e .  20m above  . t h i s  t h i n  

seam o f  c o a l  a s e c o n d  i m n e r s i s t e n t  c o a l  d e v e lo p m e n t  o c c u r s ,  

0 . 30m o f  c o a l  s t r e a k s ;  t h i s  i s  o v e r l a i n  by a  sm o o th  mud

s to n e  w h ich  g r a d e s  u p w a rd s  i n t o  a  s i l t y  m u d s to n e .  T h i s  

c y c lo th e m  i s  o n l y  7m t h i c k  and  t h e  m a in  c o a l  d e v e lo p m e n t  

of  t h e  N o . l  Rhondda Seam o c c u r s  a t  t h e  t o p  o f  i t .  T h i s
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main d e v e lo p m e n t  o f  N o . l  Rhondda c o a l  i s  a n r r o x i m a t e l y .

0.35m t h i c k  and c o n t a i n s  a t  l e a s t  two t h i n  b ands  o f  

c a rb o n a c e o u s  m u d s to n e .

The d e v e lo p m e n t  o f  t h e  N o . l  Rhondda Seam d e s c r i b e d  h e r e  i s  

t y p i c a l  o f  many seam d e v e lo p m e n t s  i n  t h e  Upper  Coal  M e a s u r e s .  

The r a p i d l y  c h a n g i n g  l i t h o l o g i e s ,  t h e  i r r e g u l a r  d e v e lo p m e n t  

o f  t h e  seams o f  c o a l ,  t h e  s p r e a d  o f  c o a l  o v e r  20m o r  30m of  

s t r a t a  and t h e  p r e d o m in a n c e  o f  m u d s to n e s  o v e r  s a n d s t o n e s  

a r e  a l l  f e a t u r e s  o f  w h a t  a r e  l o c a l l y  c a l l e d  ' S l a c k s '  ( P . l C 3 j .  

' S l a c k s '  a r e  common i n  t h e  'P e n n a n t  M e a s u r e s ' o f  S o u t h  w a le s  

and a r e  w i d e l y  docum ented  i n  l o c a l  m in in g  r e c o r d s  and l o c a l  

g e o l o g i c a l  l i t e r a t u r e .  ' S l a c k s '  a r e  g e n e r a l l y  named a f t e r  

t h e  seam w i t h  w h ich  t h e y  a r e  a s s o c i a t e d ,  so  t h a t  t h e  

d e v e lo p m en t  d e s c r i b e d  above c a n  be a p p r o p r i a t e l y  named t h e  

'N o . l  Rhondda S l a c k . '  Because  o f  t h e i r  i m p o r t a n c e  i n  t h e  

m in ing  r e c o r d s  o f  S o u th  Wales  and h e n c e ,  t h e i r  v a l u e  i n  

c o r r e l a t i o n  work i n  t h e s e  u p p e r  m e a s u r e s  t h e  :'.'No .1  Rhondda 

S l a c k '  i s  i l l u s t r a t e d  i n  P i g . 2 .4 2  t o  d e m o n s t r a t e  t h i s  

s e d i m e n t a r y  f e a t u r e  o f  t h e  S o u th  w a le s  G oal  M e a s u r e s .

The c y c l o t h e m  above t h e  N o . l  Rhondda Seam i s  a  t h i c k  one 

t y p i c a l  o f  t h e  ' P e n n a n t  M e a s u r e s  ' : i t  v a r i e s  i n  t h i c k n e s s  

f rom 9 5m t o  135%. I t  b e g i n s  w i t h  a  s a n d s t o n e  w h ic h  p e r s i s t s  

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

by bands  o f  s i l t s t o n e  o r  s i l t y  m u d s to n e .  T h i s  a r e n a c e o u s  

phase  i s  S5m to  105m t h i c k  and P a s s e s  u p w ard s  i n t o  a 

s l i g h t l y  s i l t y  o r  s i l t y  m uds tone  w h ic h  c o n t i n u e s  u p  t o  t h e  

s e a t e a r t h  b e n e a t h  t h e  B r i t h d i r  Seam. T hese  beds  a r e  t h e  

to p m o s t  o f  t h e  Rhondda Beds ( P i g . 2 .4 3  ).

83.
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DE T A IL S  OF THE STRATA FROM THE
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Approximate ly  40m above t h e  N o . l  Rhondda beam i s  t h e  

hor izon  o f  t h e  N o . l  Rhondda R i d e r  Seam, a ’ s l a c k ’ 

development  s i m i l a r  t o  t h e  N o . l  Rhondda S l a c k  d e s c r i b e d  

above. There  i s  no r e c o r d  o f  t h e  N o . l  Rhondda R i d e r  Seam 

in  t h e  b o r e h o l e  r e s u l t s  f rom  B l a e n a n t  C o l l i e r y :  i t ’ s 

p o s i t i o n  v/ould P l a c e  i t  i n  t h e  m id d le  o f  t h e  t h i c k  s a n d s t o n e  

o v e r ly in g  t h e  N o . l  Rhondda Seam. The i r r e g u l a r i t y  o f  seam 

development i n  t h e  ’p e n n a n t  M e a s u r e s ’ h a s  a l r e a d y  been  

commented up o n  and  t h i s  i s  a  f u r t h e r  exam ple . '  Because t h i s  

h o r iz o n  h a s  o n ly  been  exam ined  by means o f  g e o p h y s i c a l  l o g s  

i t  i s  i m p o s s i b l e  to  say  w h e t h e r  t h i s  seam was n o t  d e p o s i t e d  

in t h i s  a r e a ,  o r  w h e th e r  i t  was d e p o s i t e d  and s u b s e q u e n t l y  

eroded .

2 . 5 . 3 . 3

B r i t h d i r  Beds

The B r i t h d i r  Beds a r e  t h e  h i g h e s t  co m p le te  s u b d i v i s i o n  o f  

the  Upper Goal  M easures  w h ich  a r e  p r e s e n t  i n  t h i s  a r e a .

They a r e  a p p r o x i m a t e l y  200m t h i c k  and a r e  s i m i l a r  i n  t h e i r  

broad s e d im e n t a r y  p a t t e r n  t o  t h e  u n d e r l y i n g  Rhondda Beds. 

Thick a r e n a c e o u s  c y c lo th e m s  a l t e r n a t e  w i t h  a  s m a l l  number 

of a r g i l l a c e o u s  c y c lo th e m s  ( s l a c k s ' )  on a  r e g u l a r  b a s i s .

The B r i t h d i r  Beam marks t h e  b a se  o f  t h e  B r i t h d i r  Beds, i t  

i s  a t h i n  c o a l  i n  t h i s  a r e a  and i s  c u r r e n t l y  o f  no economic  

v a l u e .

A lo w er  c o a l  h o r i z o n  i s  som et im es  p r e s e n t ,  a l t h o u g h  i t  may

be marked o n l y  by t h e  p r e s e n c e  o f  a s e a t e a r t h  ( B i g . 2 .4 4  ) ,

s l i g h t l y  s i l t y  t o  s i l t y  m u d s to n e s  t o t a l l i n g  on i n  t h i c k n e s s

s e p a r a t e  t h i s  f rom t h e  main c o a l  h o r i z o n  ab o v e .  The r e c e n t l y

8.4
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d r i l l e d  B l a e n a n t  b o r e h o l e s  i n d i c a t e  t h a t  t h e  seam v a r i e s  

f rom  0 .10m  o f  c o a l  t o  1 .00m  o f  c o a l  and m u d s to n e  b a n d s  

( F i g . 2 . 4 4  ).

The c y c l o t h e m  a b o v e  t h e  B r i t h d i r  Beam o f t e n  o ^ e n s  w i t h  a  

s l i g h t l y  s i l t y  t o  s i l t y  m u d s t o n e . The t h i c k n e s s  o f  t h e s e  

m u d s to n e s  v a r i e s  an d  i s  d e t e r m i n e d  by  t h e  o v e r l y i n g  

s a n d s t o n e  b e d ,  t h e  m u d s to n e  s e q u e n c e  may be a b s e n t  cuad t h e  

s a n d s t o n e  f o r m s  t h e  i m m e d i a t e  r o o f  o f  t h e  B r i t h d i r  Beam.

I n  t h e  B l a e n a n t  b o r e h o l e s  t h e  m u d s to n e  s e q u e n c e  v a r i e s  i n  

t h i c k n e s s  f r o m  Iqm t o  n o t h i n g  m d  t h e  o v e r l y i n g  s a n d s t o n e  

f r o m  15m t o  29m. The t o n  o f  t h e  s a n d s t o n e  i s  m a rk e d  by a  

s h a r p  b o u n d a r y  and  a  m ark ed  c h a n g e  i n  l i t h o l o g y  t o  a sm o o th  

t o  s l i g h t l y  s i l t y  m u d s to n e  ( P i g . 2 . 4 4  ). The i n t e r v a l  f ro m  

t h e  t o n  o f  t h e  s a n d s t o n e  t o  t h e  n e x t  c o a l  seam i s  16m and  

i s  w h o l l y  o c c u p i e d  by t h i s  s i l t y  m u d s t o n e . The m u d s to n e  

s e q u e n c e  i s  a p p r o x i m a t e l y  40m t h i c k  i n  t o t a l  and  s p a n s  

t l i r e e  c o a l  s e a m s :  a  l o w e r  u n - n a m e d ,  t h i n  c o a l ,  t h e  C r a i g  

Beam and  t h e  B r i t h d i r  R i d e r  oeam.  ’ C r a i g ’ i s  a  l o c a l  

nam ing  an d  t h e  seam i s  o n l y  w o rk e d  l o c a l l y ,  w h e r e a s  t h e  

’ B r i t h d i r  R i d e r  Beam’ i s  f a i r l y  w i d e l y  d o c u m e n te d  a c r o s s  t h e  

c o a l f i e l d .  I f  t h i s  a r g i l l a c e o u s  d e v e l o p m e n t  w e re  t o  be 

named i t  w o u ld  t h e r e f o r e  be more a p p r o p r i a t e  t o  r e f e r  t o  i t  

a s  t h e  ’ B r i t h d i r  R i d e r  B l a c k ’ .

The l o w e s t  c o a l  i n  t h i s  m u d s to n e  s e q u e n c e  i s  a n  i m r e r s i s t e n t  

t h i n  c o a l :  i t  was a b s e n t  i n  B l a e n a n t  B o r e h o l e  '^o .2  and 

r e c o r d e d  a s  ’ t h i n ’ i n  B l a e n a n t  B o r e h o l e  T o . 3 .  The o v e r -  

l y i n g  c y c l o t h e m  i s  a  s l i g h t l y  s i l t y  m u d s to n e  t h r o u g h o u t  

and i s  12m t h i c k :  i t  c o n t i n u e s  u p  t o  t h e  C r a i g  oeam,  a  t h i n
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seam i n  t h i s  a r e a  b e i n a  o f  t h e  o r d e r  o f  O.OSm i n  t h i c k n e s s  

and so  i s  o f  no e c o n o m ic  v a l u e  ( F i g . 2 , 4 4  ),

The n e x t  c y c l o t h e m  above  i s  a  s l i g h t l y  s i l t y  m u d s to n e  

t h r o u g h o u t  i n  B l a e n a n t  B o r e h o l e  F o . 3 ,  b u t  o p e n s  w i t h  a  

sm o o th  m u d s to n e  i n  B l a e n a n t  B o r e h o l e  H o . 2 and g r a d e s  

u n w a r d s  t o  a  s i l t y  m u d s t o n e :  t h e  t o t a l  t h i c k n e s s  i s  12m t o  

15m ( F i g . 2 . 4 4  h

At t h e  t o n  o f  t h e  c y c l o t h e m  i s  t h e  B r i t h d i r  R i d e r  oeam w h i c h  

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

o f  0 .12m t h i c k .  The c y c l o t h e m  ab o v e  t h e  B r i t h d i r  R i d e r  

Seam i s  100m t h i c k  and i s  l a r g e l y  s a n d s t o n e :  t h e r e  i s  

s o m e t im e s  a  m e t r e  o r  so o f  s i l t y  m u d s to n e  i m m e d i a t e l y  ab o v e  

t h e  seam ;  o t h e r w i s e  t h e  s a n d s t o n e  f o r m s  t h e  r o o f  o f  t h e  

B r i t h d i r  R i d e r  Seam. O c c a s i o n a l  , t h i n  b a n d s  o f  s i l t y  

m u d s to n e  may i n t e r n a n t  t h e  s a n d s t o n e  w h i c h  o c c u n i e s  m o s t  o f  

t h e  l o w e r  80m o f  t h e  c y c l o t h e m .  The t o n  2 0m i s  a  s l i g h t l y  

s i l t y  m u d s to n e  w h i c h  n a s s e s  u n w a r d s  i n t o  a  s e a t e a r x h  w h i c h  

i m m e d i a t e l y  u n d e r l i e s  t h e  O ly n g w i ly m  Seam. ( F i g . 2 . 4 5  ).

The O ly n g w i ly m  Seam v a r i e s  f r o m  0 .50m  t o  1 .30m  i n  t h i s  a r e a :  

when t i i i n  i t  o f t e n  h a s  0 .10m  o f  c a n n e l  c o a l  a t  t h e  t o n ;  a s  

i t  t h i c k e n s  a  num ber  o f  t h i n  b a n d s  o f  s i l t y  m u d s to n e  

d e v e l o n  w i t h i n  t h e  s eam .  B e in g  one  o f  t h i c k e r  u p p e r  seam s  

t h e  l l y n g i v i l y m  i s  f a i r l y  e x t e n s i v e l y  w o r k e d  by ’ s m a l l  m i n e s '  

i n  t h i s  a r e a .  The c y c l o t h e m  a b o v e  t h i s  seam f r e q u e n t l y  

o ^ e n s  w i t h  a  s i l t y  m u d s to n e  b u t  i n v a r i a b l y  h a s  a  s a n d s t o n e  

a t  t h e  to w :  i t s  o v e r a l l  t h i c k n e s s  v a r i e s  l a t e r a l l y  o v e r  

s h o r t  d i s t a n c e s  b e t w e e n  15m and 35m. T h e r e  i s  l i t t l e  

d e t a i l e d  i n f o r m a t i o n  r e g a r d i n g  t h i s  c y c l o t h e m  an d  t h e  ab o v e
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comments  a r e  b a s e d  u o o n  a  few  s c a t t e r e d  m i n i n g  r e c o r d s  

and  some f i e l d  o b s e r v a t i o n s .

2 . 5 . 3 .4

Hughes Beds

'There i s  a  s m a l l  o u t c r o n  o f  Hughes  Beds a t  t h e  t o n  o f  

I.Iynj/dd H a r c h o w e l ;  t h e y  a r e  s i t u a t e d  i m m e d i a t e l y  ab o v e  t h e  

c y c l o t h e m  d e t a i l e d  a t  t h e  end  o f  t h e  l a s t  s e c t i o n .  R e c o r d s  

a r e  l i m i t e d  t o  a  few s c a t t e r e d  and  o l d  m i n i n g  r e c o r d s  and  

f i e l d  o b s e r v a t i o n s .

The H u g h es  V e in  m ark s  t h e  b a s e  o f  t h e  H ughes  B eds ,  i t  i s  a

c o a l  t h i c k  e n o u g h  t o  h a v e  b e e n  w o rk e d  i n  t h i s  a r e a .

A l t h o u g h  t h e  seam s e c t i o n  v a r i e s  a c r o s s  t h i s  a r e a  i t  i s

g e n e r a l l y  o f  t h e  o r d e r  o f  1 .2üm  i n  t h i c k n e s s  w i t h  0 .10m o f

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

The c y c l o t h e m  a b o v e  t h e  H ughes  V e in  b e g i n s  w i t h  and  i s  

d o m i n a t e d  by s a n d s t o n e .

Th e se  a r e  t h e  h i g h e s t  m e a s u r e s  v / i t h i n  t h e  a r e a  o f  s t u d y .

k
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2 . 6  The S t r u c t u r e  Of The O y c lo th e m s

The m o s t  s t r i k i n g  s e d i m e n t a r y  f e a t u r e  o f  t h e  I V e s t p h a l i a n  

Goal  M e a su re s  a r e  t h e i r  c y c l i c  n a t u r e ,  a  f e a t u r e  common t o  

o t h e r  c o a l  m e a s u r e s  o f  t h e  same age e l s e w h e r e  i n  t h e  w o r l d  

and  one w h ic h  i s  r e a d i l y  o b s e r v e d  when e x a m in in g  t h e  many 

c o m p a r a t i v e  co lum ns  u s e d  i n  t h i s  c h a n t e r .  The cy c l o t h e  mis 

o b s e r v e d  i n  t h e  Goal  M ea su re s  o f  S o u t h  d a l e s  d i s n l a y  r a p i d  

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

A egiranum  (G efn  Goed) M ar in e  Band ( F i g . 2 .2 9  J. I n  a d d i t i o n ,  

a d j a c e n t  c y c l o t h e m s  i n  t h e  co lumn may d i s n l a y  c o n t r a s t i n g  

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

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

A s h a r p  c o n t r a s t  i n  a d j a c e n t  c y c l o t h e m s  c a n  be o b s e r v e d  

when c o m p a r in g  t h e  c y c l o t h e m  c o n t a i n i n g  t h e  F o r a m i n i f e r a  and 

F iv e  Roads M ar in e  Bands w i t h  t h e  two c y c l o t h e m s  l y i n g  

i m m e d i a t e l y  above  and b e lo w .  ( F i g s . 2 . 3 2  and 2 .3 3  ).

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

o f  S o u t h  d a l e s  a r e  c o n v e n i e n t l y  i l l u s t r a t e d  by t h e  g r o u p  o f  

t h i n  c o a l s  m ak ing  un t h e  R e n t r e  and R e n t r e  R i d e r  Group o f  

Seams ( F i g . 2 . 3 2 ). As d e t a i l e d  e a r l i e r  i n  t h i s  c h a p t e r  t h i s  

g ro u p  o f  seams shows v e r y  r a n i d  c h a n g e s  b o t h  l a t e r a l l y  and  

v e r t i c a l l y .

B e s n i t e  t h e  v a r i a t i o n s  s e e n  w i t h i n  t h e  C o a l  M e a s u r e s  a t t e m p t s  

have  b e e n  made i n  t h e  n a s t  t o  c o n s t r u c t  i d e a l  c y c l o t h e m s .  

Because  t h e  P r e v a i l i n g  c o n d i t i o n s  s l o w l y  ch a n g e d  t h r o u g h o u t  

t h e  Upper  G a r b o n i f e r o u s  P e r i o d  a  number  o f  i d e a l  c y c l o t h e m s  

n e e d  t o  be c o n s t r u c t e d ,  one f o r  e a c h  d i v i s i o n  o f  t h e  m e a s u re s  

i d e n t i f i e d  a s  b e i n g  s i g n i f i c a n t .  T h a t  a t  l e a s t  some o f  t h e s e

8 8



d i v i s i o n s  c o i n c i d e ^  w i t h  c u r r e n t l y  a c c e n t e d  s t r a t i g r a p h i e  

d i v i s i o n s  o f  t h e  C o a l  M e a s u r e s  i s  a n  i n d i c a t i o n  o f  t h e  

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

m a r in e  t r a n s g r e s s i o n s . I n  r e a l i t y ,  o f  c o u r s e , i t  i s  t h e  

o b s e r v a t i o n  t h a t  i d e a l i s e d  c y c l o t h e m s  c a n  be d raw n f o r  

d i f f e r e n t  p a r t s  o f  t h e  G o a l  M e a s u r e s  an d  t h a t  t h e  i d e a l  

c y c l o t h e m s  c h a n g e  t h r o u g h o u t  t h e  s t r a t i g r a p h i e  co lu m n  t h a t  

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

w e re  c h a n g  i n g .

O b s e r v a t i o n s  by -Voodland and  E v an s  ( I 9 6 4 ) d u r i n g  t h e i r  

m a p p in g  i n  t h e  S o u t h  d a l e s  C o a l f i e l d  l e d  t o  t h e  c o n s t r u c t i o n  

o f  i d e a l  c y c l o t h e m s .  T h o se  same i d e a l  c y c l o t h e m s  w e re  u s e d ,  

u n c h a n g e d ,  by G a l v e r  ( 1 9 o 9 ; i n  o r d e r  t o  i l l u s t r a t e  t y p i c a l  

p a r a l i c  c o n d i t i o n s  f ro m  t h e  S o u t h  /«a les  C o a l f i e l d .  The 

c y c l o t h e m s  c o n s t r u c t e d  by .Voodland an d  E v a n s  a r e  f r o m  t h e  

P o n t y p r i d d - i . I a e s t e g  a r e a  w h i c h  was  d i s t a n t  f ro m  t h e  

V . e s t p h a l i a n  s h o r e l i n e .

T h i s  c u r r e n t  s t u d y  e x a m i n e s  a n  .a rea  w h i c h  l a y  much n e a r e r  

t h e  a n c i e n t  s h o r e l i n e  and.  a n  a t t e m p t  i s  made h e r e  t o  c o n s t r u c t  

i d e a l  c y c l o t h e m s  f o r  t h i s  a r e a  a n d  t o  com pare  th em  w i t h  t h e  

i d e a l  c y c l o t h e m s  o f  .Voodland a n d  E v a n s .  I t  w i l l  be s e e n  

t h a t  t h e  i d e a l  c y c l o t h e m s  f o r  t h e  tv/o a r e a s  d i f f e r  i n  

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

a l s o  v a r i e s  i n  some c a s e s .  The d i f f e r e n c e s  a r e  t o  be 

e x p e c t e d  i n  v iew  o f  t h e  p o s i t i o n  o f  t h e  two a r e a s  w i t h i n  t h e  

a n c i e n t  b a s i n  o f  d e p o s i t i o n .

.Voodland and Evans recognised a c h a n g e  in the structure of 
cyclothems Part way through the ..estPhalian A division, and
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s u g g e s t e d  an  i d e a l  c y c l o t h e m  f o r  t h e  Lower W e s t p h a l i a n  A.

! These m e a s u r e s  a r e  o f  l i m i t e d  e co n o m ic  v a l u e ;  t h e y  have  

no t  b e e n  ex a m in e d  i n  r e c e n t  e x p l o r a t i o n  programmes and  

t h e r e  a r e  o n l y  l i m i t e d  r e c o r d s .  The i d e a l  c y c l o t h e m  

c o n s t r u c t e d  by Woodland and  Evans  i s  r e p r o d u c e d  h e r e  f o r  

c o m p l e t e n e s s  ( F i g . 2 . 4 6  ).

2.0.1 I d e a l  W e s t p h a l i a n  A C y c lo th e m

The l o w e s t  b ed s  exam in ed  i n  t h i s  s t u d y  a r e  f ro m  t h e  U ^ ^ e r  

W e s t p h a l i a n  A s u b d i v i s i o n ,  f ro m  t h e  Garw (G nap iog )  Seam 

upwards  ( P i g . 2 , 1 0  ). Woodland and  E v a n s  g r o u p e d  t h e  

c y c lo th e m s  f ro m  t h i s  s u b d i v i s i o n  t o g e t h e r  w i t h  t h o s e  o f  t h e  

Lower W e s t p h a l i a n  3 .  However ,  t h e y  a r e  s e p a r a t e d  i n  t h i s  

s tu d y  b e c a u s e  a  d i s t i n c t i v e  ch an g e  o c c u r s  a t  t h e  V a n d e r b e c k e i  

(Amman; M a r in e  Band and t h e  c y c l o t h e m s  above  and be low a r e  

t r e a t e d  s e p a r a t e l y  h e r e .

As w i t h  many U pper  C a r b o n i f e r o u s  c o a l  b e a r i n g  c y c l o t h e m s ,

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

The i d e a l  c y c l o t h e m  in. t h i s  a r e a  f o r  t h e  Upper  W e s t p h a l i a n  

A s u b d i v i s i o n  o p en s  w i t h  a r e g r e s s i v e  s t a g e  b e g i n n i n g  w i t h  

a t h i n l y  b e d d e d ,  sm oo th  m u d s to n e  w h i c h  g r a d e s  u p w a rd s  

t h r o u g h  a  s l i g h t l y  s i l t y  m u d s t o n e ,  s i l t y  m uds tone  and 

s i l t s t o n e  i n t o  a  o u a r t z i t i c  s a n d s t o n e ,  a  s u b -g r e y w a c k e  

( F i g . 2 . 4 5  ). The i d e a l  c y c l o t h e m  t h e n  f i n e s  u p w ard s  t h r o u g h  

th e  l i t h o l o g i e s  t o  a sm o o th  m u d s t o n e ,  i n  p a r a l i c  c o n d i t i o n s  

t h i s  s u g g e s t s  a  t r a n s g r e s s i v e ^  d e v e l o p m e n t  ( P e t t i j o h n  and 

P o t t e r  1963  ).

The s e a t e a r t h  a t  t h e  t o p  o f  t h e  c y c l o t h e m  may v a r y  f ro m  a 

weak s e a t e a r t h - m u d s t o n e  t o  a  g a n i s t e r - l i k e  s e a t e a r t h

90.



I d e a l  C y c lo th e m s  For The  
S o u th  W a l e s  C o a l f i e ld .

- W e s t p h a l i a n  A -

( q ) (b ) (0

P l a n t s

i

^  P l a n t s

q ) I d e a l  C yc lothem  f o r  t h e  low er  p a r t  o f  
t h e  W e s t p h a l i a n  A a f t e r  W o o d la n d  and  
E v a n s  ( 1 9 6 4 ) .

b) I d e a l  c y c l o t h e m  f o r  t h e  upper p a r t  o f  
t h e  W e s t p h a l i a n  A a n d  t h e  lo w e r  p a r t  
o f  t h e  W e s t p h a l i a n  B a f t e r  W o o d la n d  
a n d  E v a n s  (1 9 6 4 ) .

c) I d e a l  cyc lo th e m  for  th e  upper  p a r t  o f  
t h e  W e s t p h a l i a n  A in t h e  a r e a  o f  s tu d y .

D i m e n s i o n  o f  C y c l o t h e m s  in  
t h e  A r e a  o f  S t u d y .
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dependan t  uP o n  t h e  s t a g e  w h i c h  h a s  b e e n  r e a c h e d  i n  t h e  

r e g r e s s i v e - t r a n s g r e s s i v e  s e q u e n c e .  The c o a l  seams t e n d  t o  be 

t h i n  and o f t e n  made u p  o f  a  number  o f  s e p a r a t e  l e a v e s  o f  c o a l .  

The t h i c k e s t  c o a l  e n c o u n t e r e d  i n  t h i s  s t u d y  i s  0 .9 6 m ,  b u t  

the m a j o r i t y  o f  l e a v e s  o f  û o a l  a r e  ' l e s s  t h a n  0;40m'^  i

and t h e r e  a r e  s e v e r a l  c y c l o t h e m s  w h ere  no c o a l  i s  p r e s e n t ,  

mere ly  a  s e a t e a r t h  m a r k in g  t h e  c l o s e  o f  t h e  c y c l o t h e m .

The m a j o r i t y  o f  c y c l o t h e m s  a r e  b e t w e e n  8m a n d  18m w i t h  an  

a v e rag e  t h i c k n e s s  o f  1 3 .4 m ,  t h e  e x t r e m e s  o f  t h i c k n e s s  

o b se rv ed  i n  t h i s  s t u d y  a r e  3m and  35m. The r e g r e s s i v e  p h a s e  

t e n d s  t o  be s i g n i f i c a n t l y  t h i c k e r  t h a n  t h e  t r a n s g r s s s l v e  

p h a s e .

The m u d s to n e  o p e n i n g  t h e  c y c l o t h e m  may c o n t a i n  S u e s t h e r i a  

S P . ,  markings o f  t h e  e s t u a r i n e  worm P l a n o l i t e s  o p h t h a l m o i d e s  

( C a lv e r  1 9 6 9 ) ,  n o n - m a r i n e  l a m e l l i b r a n c h s ,  f i s h  s c a l e s ,  s p i n e s  

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

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

as f a r  a s  t h e  s i l t y  m u d s t o n e .  The worm m a r k i n g s  c h a n g e  u p 

wards f ro m  t h e  c l e a r l y  d e f i n e d  P l a n o l i t e s  o P h t h a l m o i d e s  i n t o  

th e  s m a l l e r  ( l e s s  t h a n  3mm d i a m e t e r ; ,  l e s s  d i s t i n c t i v e  

P l a n o l i t e s  s p . ,  w h i c h  a r e  a s s o c i a t e d  w i t h  two o t h e r  worm 

m ark ings  G y r o c o r t e  c a r b o n a r i a  and  G o c h l i c h n u s  k o c h i . T h i s  

F a u n a l  a s s e m b l a g e  i s  a b s e n t  f ro m  t h e  s i l t s t o n e  and  s a n d s t o n e  

l i t h o l o g i e s ,  b u t  P l a n o l i t e s  s p . ,  G y r o c o r t e  c a r b o n a r i a  and  

G o c h l i c h n u s  k o c h i  a r e  a g a i n  p r e s e n t  i n  t h e  a r g i l l a c e o u s  b ed s  

o f  t h e  t r a n s g r e s s i v e  Phase a t  t h e  t o p  o f  t h e  c y c l o t h e m .

■plants t e n d  t o  o c c u r  t h r o u g h o u t  m o s t  o f  t h e  c y c l o t h e m  w i t h  

the  e x c e p t i o n  o f  t h e  l o w e r  p a r t  o f  t h e  c y c l o t h e m  w h e re  n c n -
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I m a r i n e  l a m e l l i b r a n c h s  a n d  B u e s t h e r i a  s p .  a r e  p r e s e n t ,  w e l l

I p r e s e r v e d  p l a n t s  a r e  p r e s e n t  i n  t h e  m u d s t o n e s ,  w i t h  c o m m i n u t e d

, P l a n t  d e b r i s  i n  t h e  s i l t s t o n e s  a n d  s a n d s t o n e s .

I The c y c lo th e m  b r o a d l y  r e s e m b l e s  t h e  i d e a l  v V es tP ha l ian  A

cyclothem o f  woodland and Evans  i n  i t ’ s l i t h o l o g i c a l  

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

H upper t r a n s g r e s s i v e  .phase i s ‘ a b s e n t  f ro m  Woodland and  üjvans ’
f

i d e a l  c y c l o t h e m  f o r  t h e  W e s t p h a l i a n  A,B and C d i v i s i o n s .

Marine b an d s  a r e  a b s e n t  i n  t h i s  a r e a ,  b u t  t h e r e  i s  a  g r e a t e r  

' v a r i e t y  i n  f a u n a  f rom  t h i s  a r e a  t h a n  t h e  P o n ty p r id d - M a e s  t e  g

area  and t h e  f a u n a  i s  p r e s e n t  t h r o u g h o u t  a  g r e a t e r  p r o p o r t i o n

of t h e  c y c l o t h e m .  The c y c l o t h e m  i s  a l s o  t h i n n e r  i n  t h i s  a r e a ,

which l i e s  on t h e  n o r t h e r n  m a r g i n  o f  t h e  Upper  C a r b o n i f e r o u s

d e p o s i t i o n s !  a r e a ,  w h e r e a s  t h e  P o n t y p r i d d - M a e s t e g  a r e a  i s  

much f u r t h e r  f rom  t h e  a n c i e n t  s h o r e l i n e .

2.6,2 Id e a l  Lower W e s t p h a l i a n  B C y c lo th e m

A d i s t i n c t  change  i n  t h e  d e t a i l  o f  c y c l o t h e m s  t a k e s  P l a c e  a t  

the  V a n d e r b e c k e i  (Ammai ) M a r in e  Band. W h i l s t  a  number  o f  

f e a t u r e s  d i f f e r e n t i a t e  t h i s  i d e a l  c y c l o t h e m  from  o t h e r s ,  t h e  

most o u t s t a n d i n g  f e a t u r e  i s  t h e  p r e s e n c e  o f  t h i c k  c o a l  seams 

and s e a t e a r t h s ,  w h ic h  makes t h i s  s u b d i v i s i o n  o f  t h e  W e s t p h a l i a n  

e c o n o m i c a l l y  i m p o r t a n t  ( F i g . 2 . 4 7  ). Lower W e s t p h a l i a n  B i s  

here  d e f i n e d  a s  t h e  m e a s u re s  f ro m  t h e  b a s e  o f  t h e  V a n d e r b e c k e i  

(Amman) M a r in e  Band t o  t h e  r o o f  o f  t h e  U pper  Two F e e t  Mine 

Seam (Soap V e i n ) .  W h i l s t  t h e  Two F e e t  ’Tine Seam i s  s p l i t  i n  

t h i s  a r e a  and i s  o f  l i t t l e  econom ic  v a l u e  i t  i s  g e n e r a l l y  a 

t h i c k , e x p l o i t e d  seam o v e r  m os t  o f  t h e  c o a l f i e l d  and i s  t h e
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Ideal Cyclothems For The  
S outh  W a le s  C oa lf ie ld .

-L o w e r  W es tp ha l ian  B -

(a) (b)

Plants

I

Plants

©Rants

nontf

q ) I d e a l  c y c l o t h e m  for t h e  upper  p a r t  o f  
t h e  W e s t p h a l i a n  A and t h e  lo w e r  p a r t  
o f  t h e  W e s t p h a l i a n  B a f t e r  W ood lan d  
a n d  E vans  (1964 ) .

b) I d ea l  c y c l o t h e m  fo r  t h e  lo w e r  p a r t  o f  
t h e  W e s t p h a l i a n  8  in t h e  a r e a  o f  s t u d y

D im e n s i o n s  o f  C y c l o t h e m s  in  
t h e  A r e a  o f  S t u d y .
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t o p m o s t  seam o f  t h e  ’I., a  i n  P r o d u c t i v e  M e a s u r e s . ’ Even  v: i t h i n  

t h e  .a rea  o f  s t u d y  t h e  IJuoer  Awo F e e t  N ine  Seam i s  n o r m a l l y  

t h i c k e r  t h a n  0 . 50m, a l t h o u g h  t e n d s  t o  c o n t a i n  a  n um ber  o f  

d i r t  b a n d s ,  m ak in g  i t  a n  u n i n t e r e s t i n g  e c o n o m ic  p r o p o s i t i o n .

The i d e a l  c y c l o t h e m  o p e n s  w i t h  a  t h i n l y  b e d d e d ,  s m o o th  mud

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

s i l t y  m u d s to n e  and  s i l t s t o n e  t o  a  s a n d s t o n e .  The t e r m  ’ s t r i p e d  

b e d s ’ i s  u n d o u b t e d l y  a  u s e f u l  d e s c r i p t i v e  t e r m  a p p l i c a b l e  t o  

r a p i d l y  a l t e r n a t i n g  a r g i l l a c e o u s  and  a r e n a c e o u s  l a m i n a e . The 

b o r e h o l e  j o u r n a l s  c o m p i l e d  by t h e  p r e s e n t  a u t h o r  and  

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

and d e t a i l s  t h e  l a m i n a t i o n s  so  t h a t  t h e  t e r m  ’ s t r i p e d  b e d s ’ i s  

n o t  u s e d .  do c a l l e d  ’ s t r i p e d  b e d s ’ a r e  p r e s e n t  i n  t h e s e  

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

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

l i t h o l o g y .  T h i s  r e g r e s s i v e  s e q u e n c e  i s  s i m i l a r  t o  t h a t  f o r  

t h e  U p p e r  ' .V e s t p h a l i a n  a  c y c l o t h e m ,  b u t  i n  t h i s  s u b d i v i s i o n  t h e  

s a n d s t o n e s  a r e  o f t e n  p r o t o a u a r t z i t e s , t h e  r e m a i n d e r  b e i n g  

s u b - g r e y w a c k e  s .  A x r a n 5 g r e « ? s i v «  s e q u e n c e  a b o v e  t h e  s a n d s t o n e  i s  

p r e s e n t ,  b u t  i s  much l e s s  wel l ,  d e v e l o p e d  t h a n  i s  t h e  c a s e  f o r  

t h e  U p p er  W e s t p h a l i a n  A c y c l o t h e m .  I n  t h e  Lower W e s t p h a l i a n  

3 c y c l o t h e m  t h e  s e q u e n c e  o f t e n  f i n e s  u p w a r d s  f ro m  t h e  s a n d s t o n e  

i n t o  a  s i l t s t o n e  and  more r a r e l y  o n  i n t o  a  s i l t y  m u d s t o n e :  t h e  

m e a s u r e s  t h e n  p a s s  u p w a r d s  i n t o  a  s e a t e a r t h  w h i c h  i s  t h e r e f o r e  

s i l t y  o r  s a n d y  i n  n a t u r e .  To some e x t e n t  a  c o n t i n u i n g  

p r o g r e s s i v e  t r e n d  c a n  be o b s e r v e d  i n  t h e  s e a t e a r t h  w h i c h  

becom es  l e s s  s i l t y  u p w a r d s  and  i s  u s u a l l y  a  s e a t e a r t h  m u d s to n e  

i m m e d i a t e l y  b e n e a t h  t h e  c o a l .

The c o a l  s eam s  a r e  g e n e r a l l y  t h i c k e r  t h a n  i n  t h e  U p p e r
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r / e s t P h a l i a n  A, v a r y i n g  b e t w e e n  0 .5 0 m  a n d  1 .0 0 m ,  w i t h  

e x c e p t i o n a l  i n s t a n c e s  o f  u p  t o  2 .5 0 m  ( t h e  N in e  F e e t  S e a m ) .

Some t h i n n e r  seam s  a r e  p r e s e n t  an d  t h e r e  i s  o n l y  one  i n s t a n c e  

o f  t h e  seam  h o r i z o n  b e i n g  r e p r e s e n t e d  by a  s e a t e a r t h  w i t h  no 

c o a l  ( t h e  m i d d l e  p a r t  o f  t h e  S i x  F e e t  G roup  F i g . 2 . 2 3  ) .  The 

s e a m s  may be made u p  o f  s e v e r a l  l e a v e s  o f  c o a l  a n d  t h e  

s p l i t t i n g  o f  seam s  i s  common. The o v e r a l l  t h i c k n e s s  i s  

g e n e r a l l y  b e t w e e n  3m and  15m and  a v e r a g e s  7 .4 m ,  t h e  e x t r e m e s  

o b s e r v e d  i n  t h i s  a r e a  a r e  2m a n d  32m.

I n  t h e  i d e a l  c y c l o t h e m  t h e  b a s a l  m u d s t o n e  i s  d a r k ,  c a r b o n a c e o u s  

a n d  y i e l d s  a b u n d a n t  P l a n t  f r a g m e n t s .  T h i s  m u d s to n e  i s  r a r e l y  

t h i c k e r  t h a n  3mm, b u t  i s  v e r y  common i m m e d i a t e l y  a b o v e  c o a l  

s eam s  a t  t h e  b a s e  o f  t h e  o v e r l y i n g  c y c l o t h e m ,  e v e n  w h e r e  t h a t  

c y c l o t h e m  c o n t a i n s  a  m a r i n e  b a n d .  I t  p a s s e s  u p w a r d s  v e r y  

q u i c k l y  i n t o  a  l i g h t e r  g r e y  m u d s to n e  w h i c h  y i e l d s  L i n g u l a  and  

i r o n  p y r i t e s .  The L i n g u l a  g i v e - w a y  u p w a r d s  t o  E u e s t h e r i a  s p . 

n o n - m a r i n e  l a m e l l i b r a n c h s  and  P l a n o l i t e s  o p h t h a l m o i d e s , t h e  

i r o n  p y r i t e s  P e r s i s t  u p w a r d s  t o  a t  l e a s t  t h e  E u e s t h e r i a  s o . 

h o r i z o n .  The P l a n o l i t e s  o p h t h a l m o i d e s  g i v e  way u p w a r d s  t o  

P l a n o l i t e s  s o . , G y r o c o r t e  c a r b o n a r i a  a n d  C o c h l i o h n u s  k o c h i  

a s t h e  s l i g h t l y  s i l t y  m u d s t o n e  g r a d e s  i n t o  a  s i l t y  m u d s to n e ,  b u t  

do n o t  o c c u r  a b o v e  i n  t h e  c o a r s e r  l i t h o l o g i e s .  I n  a d d i t i o n  t o  

t h e  a b o v e  m e n t i o n e d  worm m a r k i n g s  t h e r e  i s  a l s o  P l a n o l i t e s  

m o n t a n u s , w h i c h  o c c u r s  f r o m  t h e  u p p e r  P a r t  o f  t h e  l a m e l l i -  

b r a n c h  " h o r i z o n  i n t o  t h e  l o w e r  p a r t  o f  t h e  P l a n o l i t e s  s p . 

h o r i z o n .

P l a n t  r e m a i n s  a r e  f o u n d  f r o m  t h e  P l a n o l i t e s  s p . h o r i z o n  

u p w a r d s  and  t e n d s  t o  be c o m m in u te d  d e b r i s  i n  t h e  s i l t s t o n e s  

and s a n d s t o n e s .  W h i l e  c o m m in u te d  p l a n t  d e b r i s  i s  s o m e t i m e s
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nresent i n  t h e  s a n d s t o n e s , i t  t e n d s  t o  be a b s e n t  w here  t h e  

sandstones a r e  p r o t o q n a r t z i t e s .

Again t h e r e  a r e  s e v e r a l  d i f f e r e n c e s  b e tw e e n  t h e  i d e a l  c y c l o t h e m  

for t h i s  a r e a  and t h a t  f o r  t h e  P o n t y p r i d d - M a e s t e g  a r e a .  The 

ideal c y c l o t h e m  i n  t h i s  a r e a  i s  t h i n n e r  and becomes more 

arenaceous i n  i t s  r e g r e s s i v e  t r e n d  t h a n  i n  t h e  P o n t y p r i d d -  

Maesteg a r e a ;  t h e r e  i s  a l s o  a  g r e a t e r  v a r i e t y  o f  f a u n a  i n  t h i s  

area, w h ic h  a r e  d i s p e r s e d  o v e r  a g r e a t e r  p r o p o r t i o n  o f  t h e  

cyclothem. The t h i c k  c o a l s  and s e a t e a r t h s  and t h e  p r e v a l e n c e  

of seam s p l i t t i n g  i s  common t o  b o t h  a r e a s .

5,3 Ideal Upper  ' .V es tp h a l ia n  B/Lower V ves tp h a l ia n  C Cyclo them

The r e c o g n i t i o n  t h a t  an i d e a l  c y c l o t h e m  c a n  be c o n s t r u c t e d  t o  

snan Upper A e s t P h a l i a n  B and l o w e r  W e s t p h a l i a n  G m e a s u r e s  

c o in c id e s  w i t h  t h e  g r o u p i n g s  o f  U o od lands  and E v a n s .  W i t h i n  

th i s  a r e a  o f  s t u d y  t h e  i d e a l  c y c lo th e m  a g a i n  o ^ e n s  w i t h  a  

dark m udstone  w h ic h  y i e l d s  a b u n d a n t  P l a n t  d e b r i s ,  i t  i s  l e s s  

than 3 mm t h i c k .  T h i s  c a r b o n a c e o u s  and v e r y  p l a n t y  m u d s to n e  

i s  p r e s e n t  e v e n  i n  t h e  c y c lo th e m  c o n t a i n i n g  t h e  v e r y  w e l l  

developed Aegiranum (Gefn G o e d ;  M arine Band. I t  q u i c k l y  

passes  u p w ard s  i n t o  m udstone  r i c h  i n  i r o n  p y r i t e s ,  b u t  

c o n t a i n i n g  no m a r i n e  f o s s i l s  ( F i g . 2 . 4 3  ). The p y r i t e s  c o n t i n u e s  

upwards t h r o u g h  m u d s to n es  c o n t a i n i n g  a v a r i e t y  o f  m a r in e  f o s s i l s  

i n c lu d in g  L i n g u l a  s p . , O r b i c u l o i d e a  s p . ,  E r a c h i o p o d s ,

I c n i a t i t e s ,  f i s h  s c a l e s  and t e e t h ,  O s t r a c o d s  and G r i n o i d  

o s c i c l e s .  T h e se  m ar ine  m uds tones  p a s s  up w ard s  i n t o  m u d s to n e s  

r i c h  i n  E u e s t h e r i a  s p .  and P l a n o l i t e s  s p . , w i t h  t h e  c o n t i n u e d  

- r e s e n c e  o f  i r o n  P i t r i t e .  T h e s e  m u d s t o n e s  p a s s  b a c k  i n t o  m a r i n e  

m u d s t o n e s  w i t h  a  m i x t u r e  o f  s i x  s e p a r a t e  b a n d s  o f  m a r i n e  s t r a t a  - 

a n d  i n t e r v e n i n g  n o n  m a r i n e - m u d s t o n e s  r i c h  i n  E u e s t h e r i a  s p .
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Idea l  Cvciot-hems For The  
S o u th  W a le s  C o a l f i e ld .

- U p p e r  W e s t p h a l i a n  B / Lower W e s t p h a l i a n  C -

(a) (b)

a )  A f t e r  W oodland  and  E vans  ( 1 9 6 4 ) .

b) In t h e  area  o f  s t u d y .

D i m e n s i o n s  o f  C y d o f t i e m s  in  
t f i e  A r e a  o f  S t u d y .

Qj
c n
a

I
s O)

cm

g
O)

"><

0 1 m  5 m  1 0 m
« - I -----------------1-------------------- »

Figure  2 .48



a n  ri l l a n o l l t e s  o p h t h a l r o i d e s . I r o n  n v r i t e s  i s  n o t  f o u n d  

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

b e d s ;  w h e r e a s  O s t r a c o d s . ,  E u e s t h e r i a  s n . a n d  P l a n o l i t e s 

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

t h e  h i g h e s t  m a r i n e  b a n d .  The O s t r a c o d s  e x t e n d  u p w a r d s  

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

o p h t h a l m o i d e s  e x t e n d s  u p w a r d s  b e y o n d  t h e  r a n g e  o f  t h e  

o t h e r  t w o .  N o n - m a r i n e  l a m e l l i b r a n c h s  a p p e a r  t o w a r d s  t h e  

t o o  o f  t h e  m u d s t o n e s  c o n t a i n i n g  E u e s t h e r i a  s o . The P l a n o l i t e s  

o p h t h a l m o i d e s  g r a d u a l l y  become s m a l l e r  and  l e s s  d i s t i n c t i v e  

an d  g i v e  way u p w a r d s  i n t o  m e a s u r e s  c o n t a i n i n g  P l a n o l i t e s  s p . ,  

G y r o c o r t e  c a r b o n a r i a  and G o c h l i c h n u s  k o c h i  w i t h  P l a n o l i t e s  

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

m e a s u r e s  and t h e  l o w e r  p a r t  o f  t h e  P l a n o l i t e s  s p .  m e a s u r e s .

The m u d s t o n e s  c o n t a i n i n g  m a r i n e  and e s t u a r i n e  f a u n a s  p a s s  

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

c o n t a i n  t h e  worm m a r k i n g s  P l a n o l i t e s  s o . , G y r o c o r t e  c a r b o n a r i a  

a n d  l e s s  commonly  G o c h l i c h n u s  k o c h i . The r e g r e s s i v e  t r e n d  

c o n t i n u e s  a s  t h e  m e a s u r e s  c o a r s e n  u p w a r d s  t h r o u g h  t h e  

c y c l o t h e m  i n t o  s i l t s t o n e s  and  s a n d s t o n e s  ( P i g . 2 . 4 8  ).

’ S t r i p e d  b e d s ’ a r e  common, b u t  a g a i n ,  t h i s  d e s c r i p t i v e  t e r m  

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

t h e  o t h e r  l i t h o l o g i e s .  The s a n d s t o n e s  may c o n t a i n  

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

p e b b l e s  o f  r e - w o r k e d  c o a l  m e a s u r e s  and a r e  n o r m a l l y  s u b -  

g r e y w a c k e s .  T h e s e  s a n d s t o n e s  t e n d  t o  be  h i g h l y  v a r i a b l e  

l a t e r a l l y  and  a r e  g e n e r a l l y  much t h i c k e r  t h a n  t h e i r  c o u n t e r 

p a r t s  i n  t h e  l o w e r  trwo d i v i s i o n s  d i s c u s s e d  p r e v i o u s l y  i n  

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

p r e s e n t  h i g h e r  i n  t h e  c y c l o t h e m  ( P i g . 2 . 4 8  ) ,  b u t  t h o u g h  t i e  

l i t h o l o g y  may d e v e l o p  i n t o  a  s i l t s t o n e  i t  p a s s e s  i n t o  a 

s i l t y  m u d s to n e  o n l y  r . a r e l y .  The s e a t e a r t h  a t  t h e  t o p  o f  

t h e  c y c l o t h e m  i s  n o r m a l l y  s i l t y  a n d  i s  o f t e n  a  g a n i s t e r  

( s e a t e a r t h  s a n d s t o n e ) ;  t h e  c o a l  seam s  a r e  t h i n ,  

n o r m a l l y  l e s s  t h a n  Im an d  a r e  o f t e n  t h i n n e r  t h a n  0 . 30m.

T h e re  a r e  i n s t a n c e s  w h e re  no  c o a l  i s  p r e s e n t  o n l y  a  s e a t 

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

v e r y  t h i n  seam o f  c o a l .  The c o a l  s eam s  may be s i n g l e  l e a f  

o r  m u l t i p l e  and v a r y  l a t e r a l l y .

I t  i s  a  f e a t u r e  o f  t h e s e  c y c l o t h e m s  t h a t  t h e y  v a r y  r a p i d l y  

l a t e r a l l y ;  t h i s  c a n  be r e a d i l y  o b s e r v e d  by e x a m i n i n g  some 

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

h o r i z o n  o f  t h e  H a fo d  K e u lo g  M a r in e  Band ( P i g . 2 . 2 7 ) ,  o r  by 

l o o k i n g  a t  t h e  r a n i d  v a r i a t i o n s  o f  t h e  c y c l o t h e m s  m a k in g  up  

t h e  P e n t r e  and  P e n t r e  R i d e r  G roup  o f  s eam s  ( P i g . 2 . 3 2  ).

P l a n t s  a r e  m o s t  common i n  t h e  s l i g h t l y  s i l t y  a n d  s i l t y  

m u d s t o n e s  above  t h e  P l a n o l i t e s  o p h t h a l m o i d e s  m u d s t o n e s  and 

i n  t h e  s i l t s t o n e  a b o v e .  I d e n t i f i a b l e  p l a n t s  a r e  a l s o  

p r e s e n t  n e a r  t h e  t o o  o f  t h e  c y c l o t h e m  w h e r e  s i l t s t o n e s  and 

s i l t y  m u d s t o n e s  d e v e l o p ;  a n y  P l a n t  m a t e r i a l  i n  t h e  s a n d s t o n e s  

i s  i n  t h e  fo rm  o f  co m m in u ted  d e b r i s .  O c c a s i o n a l  p l a n t s  c a n  

be f o u n d  t h r o u g h o u t  t h e  m u d s t o n e s  c o n t a i n i n g  P l a n o l i t e s  

o p h t h a l m o i d e s  and  S u e s t h e r i a  s p . ; i n  f a c t  P l a n t s  a r e  o n l y  

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

The r a p i d  l a t e r a l  v a r i a t i o n s  i n  l i t h o l o g i e s  t h a t  i s  t y p i c a l  

o f  t h e  c y c l o t h e m s  i n  t h i s  p a r t  o f  t h e  G o a l  M e a s u r e s  i s
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r e f l e c t e d  i n  t h e  e x t r e m e s  n o t e d  i n  t h e  o v e r a l l  t h i c k n e s s  

o f  t h e s e  c y c l o t h e m s ,  t h e  s m a l l e s t  c y c l o t h e m  o b s e r v e d  i s  

j u s t  1 m e t r e  t h i c k ,  w h i l s t  t h e  l a r g e s t  i s  44m t h i c k .  The 

m a j o r i t y  o f  c y c l o t h e m s  f a l l  w i t h i n  t h e  r a n g e  o f  2m t o  25m 

and  t h e  a v e r a g e  t h i c k n e s s  i s  1 1 .7 m .

The s t r u c t u r e  o f  t h e  i d e a l  c y c l o t h e m  f o r  t h e  U u u e r  

e s t p h a l i a n  3 /L o w e r  « « e s t p h a l i a n  G i n  t h i s  a r e a  a g r e e s  

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

t h i s  a r e a  o f  s t u d y  t h e r e  i s  a  t r a n s g r e s s i v e  d e v e l o p m e n t  a t  

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

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

c y c l o t h e m  i n  t h i s  a r e a  i s  t h i n n e r  t h a n  i t ’ s c o u n t e r - p a r t  

i n  t h e  P o n t y p r i d d - M a e s t e g  a r e a .

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

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

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

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

c y c l o t h e m s  o f  Woodland and  E v a n s .

2 , 6 . 4  I d e a l  U p p e r  UestPhalian C Mesothem

'.Voodland and  E v a n s  g r o u p e d  t h i s  s u b d i v i s i o n  t o g e t h e r  w i t h  

t h e  V e s t p h a l i a n  B. The d e v e l o p m e n t  o f  W e s t p h a l i a n  B i n  

t h i s  a r e a  i s  e x t r e m e l y  l i m i t e d ,  c o m p r i s i n g  o n l y  one o r  two 

c y c l o t h e m s  w i t h  a  v e r y  l i m i t e d  o u t c r o p  on  LIynydd M a rc h o w e l :  

t h e r e  a r e  f ew  r e c o r d s  o f  t h e s e  m e a s u r e s  and  t h e y  h a v e  n o t  

b e e n  e x a m in e d  i n  d e t a i l  i n  t h i s  s t u d y .  An i d e a l  c y c l o t h e m  

i s  t h e r e f o r e  c o n s t r u c t e d  o n l y  f o r  t h e  . V e s t p h a l i a n  G s u b 

d i v i s i o n .
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I t  i s  s u g g e s t e d  h e r e  t h a t  t h e  ’ P e n n a n t  M e a s u r e s ’ s p a n n i n g  t h e  

U p p e r  W e s t p h a l i a n  C a n d  Lower  W e s t p h a l i a n  B,  s h o u l d  be 

c o n s i d e r e d ,  f r o m  a  s e d i m e n t a r y  a n d  s t r a t i g r a p h i e  p o i n t  o f  

v i e w  a s  b e i n g  com posed  o f  m e so th em s  w h i c h  a r e  r e g u l a r l y  

r e p e a t e d  t h r o u g h o u t  t h e  s t r a t i g r a p h i e  co lu m n  a n d  w h i c h  c a n  be 

i d e n t i f i e d  o v e r  w i d e l y  s e p a r a t e  a r e a s  o f  t h e  N o r t h  C ro p  o f  

t h i s  c o a l f i e l d .

The t e r m  ’m e s o t h e m ’ ( d e r i v e d  f r o m  t h e  G r e e k  ’m e s o ’ = m i d d l e  

a n d  ’ t h e m ’ = t h e  d e p o s i t s  o f ;  i s  n o t  a  new o n e ,  i t  was 

s u g g e s t e d  by H e d b e r g  ( 1 9 7 3 )  a s  a  t e r m  f o r  a  g r o u p  o f  c y c l o 

th em s  w h ic h  i s  n o t  a s  l a r g e  a s  a  s y n t h e m  ( d e f i n e d  a s  a  g r o u p  

o f  c y c l o t h e m s  b o u n d ed  by m a j o r  u n c o n f o r m i t i e s ,  e . g .  t h e  

C a r b o n i f e r o u s  o f  G r e a t  E r i t g i n j .  Ram sbo t to ra  (1 9 7 7 ;>  i n  

d i s c u s s i n g  D i n a n t i a n  a n d  N a m u r i a n  m e so th e m s  i n  G r e a t  B r i t a i n  

d e f i n e d  t h e  t e r m  more r i g i d l y  a s  ’a  s t r a t i g r a p h i e  u n i t  o f  

m i d d l e  r a n k  b o u n d e d  by u n c o n f o r m i t i e s  on  c r a t o n i c  a r e a s ,  b u t  

w i t h  i t s  l i m i t s  d e f i n e d  i n  c o n f o r m a b l e  s e q u e n c e s . ’ He 

s u g g e s t e d  t h e  t e r m  ’m e s o t h e m ’ a s  t h e  m i d d l e  t e r m  w i t h i n  t h e  

s e q u e n c e  s y n t h e m ,  m eso th em  a n d  c y c l o t h e m .

R a m s b o t to m ’ s u s e  o f  t h e  t e r m  m eso th em  a p p l i e s  t o  g r o u p s  o f  

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

h e r e  t h a t  c y c l o t h e m s  w i t h i n  a t  l e a s t  t h e  Rhondda a n d  B r i t h d i r  

Beds o f  t h e  U p p e r  C o a l  M e a s u r e s  o f  S o u t h  Wales  c a n  be g r o u p e d  

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

h e r e i n  named ’m e s o t h e m s ’ . The u s e  o f  t h e  t e r m  i s  s i m i l a r  t o  

R a m s b o t to m ’ s i n  t h a t  i t  d e s c r i b e s  a  s e d i m e n t a r y  s u c c e s s i o n  

w h ic h  i s  s m a l l e r  t h a n  a s y n t h e m  a n d  c o m p r i s e s  a  n u m b er  o f  

c y c l o t h e m s .  The m eso them s  s u g g e s t e d  i n  t h i s  t h e s i s  c a n  be
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r e c o g n i s e d  o v e r  w i d e  a r e a s  o f  t h e  S o u t h  W a l e s  C o a l f i e l d  a n d  

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

t o  d e s c r i b e  m a j o r  s e d i m e n t a r y  c y c l e s  i n  a  m a n n e r  s i m i l a r  t o  

R a m s b o t t o m .

As s t a t e d  e a r l i e r  a  g r e a t  d e a l  o f  t h e  d a t a  f o r  t h i s  p a r t  o f  

t h e  s e q u e n c e  i s  d e r i v e d  f r o m  g o e p h y s i c a l  l o g s ,  so  t h a t  t h e r e  

i s  no f a u n a l  i n f o r m a t i o n  w i t h  w h i c h  t o  make a  c o m p a r i s o n  

w i t h  R a m s b o t t o m ’s m e s o t h e m s .  T h i s  s t u d y  a l s o  l a c k s  t h e  d a t a  

t o  d e t e r m i n e  i f  t h e s e  C o a l  M e a s u r e  m eso them s  s a t i s f y  

R a m s b o t t o m ’ s  d e f i n i t i o n  r e g a r d i n g  u n c o n f o r m i t i e s  a n d  t h e  

b o u n d a r y  f e a t u r e s  o f  t h e  m e s o th e m .  T h u s ,  t h e  t e r m  ’m e s o t h e m ’ 

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

i n  t h i s  p a r t  o f  t h e  s e q u e n c e :  t h a t  o n l y  some o f  t h e  f e a t u r e s  

o f  a  m eso th em  h a v e  b e e n  i d e n t i f i e d  so  f a r  s eem s  no r e a s o n  t o  

p r e v e n t  t h e  u s e  o f  t h e  t e r m .  R am sb o t to m  ( 1 9 7 7 J s u g g e s t e d  t h a t  

m e so th em s  a r e  t h e  n a t u r a l  s t r a t i g r a p h i e  u n i t  f o r  t h e  

C a r b o n i f e r o u s ’ , w h i l s t  t h i s  s t u d y  h a s  n o t  a t t e m p t e d  t o  i d e n t i f y  

m eso them s  t h r o u g h o u t  t h e  G o a l  M e a s u r e s ,  i t  i s  s u g g e s t e d  h e r e  

t h a t  t h e y  a r e  t h e  b a s i c  s t r a t i g r a p h i e  u n i t  f o r  t h e  Rhondda a n d  

G r o v e s e n d  b e d s .  The e v i d e n c e  f o r  t h i s  i s  d e t a i l e d  i n  t h e  

r e m a i n d e r  o f  t h i s  c h a p t e r  w h e re  i t  i s  s u g g e s t e d  t h a t  a n  i d e a l  

c y c l o t h e m  c a n n o t  be c o n s t r u c t e d  f o r  t h i s  p a r t  o f  t h e  s e q u e n c e  

and  w h e r e  one h a s  t o  c o n s t r u c t  a n  ’ i d e a l  m e s o t h e m ’ .

I n  o r d e r  t o  comment on t h i s  p a r t  o f  t h e  s e a u e n c e  a n d  u p o n  

m eso th em s  o b s e r v a t i o n s  f r o m  two N .G .B .  d r i l l i n g  program m es  

hav e  b e e n  u s e d .  T h r e e  b o r e h o l e s  w e re  d r i l l e d  f ro m  t h e  s u r f a c e  

o v e r  t h e  t a k e  o f  B l a e n a n t  C o l l i e r y  w h i c h ,  i n  t o t a l ,  e x a m in e d  

t h e  m e a s u r e s  f ro m  t h e  H o . 2 R hondda  Seam u p  t o  t h e  G lyngw i lym
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Seam. The H o . 2 Rhondda Seam i s  t h e  b a s a l  s eam  o f  t h e  Rhondda 

Beds a n d  t h e  G lyngw i lym  Seam i s  t h e  seam  i m m e d i a t e l y  b e lo w  

t h e  Hughes V e in ;  t h e  Hughes V e i n  i s  t a k e n  a s  t h e  b a s e  o f  t h e  

Hughes  Beds an d  a l s o  t h e  b a s e  o f  t h e  W e s t p h a l i a n  D. D e t a i l s  

o f  the-  c y c l o t h e m  a b o v e  t h e  G ly n g w i ly m  Seam a n d  o f  t h e  Hughes 

V e i n  w e re  c o m p i l e d  f r o m  o t h e r  m i n i n g  r e c o r d s  a n d  f i e l d  

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

t h e  B r i t h d i r  Beds a n d  W e s t p h a l i a n  G. The H o . 2 Rhondda  Seam 

i s  r e p r e s e n t e d  i n  t h i s  a r e a  by t h r e e  s e p a r a t e ,  named s e a m s :  

t h e  P a y n e s  Seam, t h e  P a n t  Rhyd-y-Dvo* Seam a n d  t h e  Ho . 2 

Rhondda  Seam. S i n c e  t h e  H o . 2 Rhondda Seam i s  n o r m a l l y  t a k e n  

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

s t a n d a r d  H o . 2 Rhondda Seam ( o f  t h e  Rhondda V a l l e y ) a r e  

s t r i c t l y  s p e a k i n g  i n  t h e  u n d e r l y i n g  L l y n f i  B e d s .

B e c a u s e  t h e  P a y n e s  a n d  P a n t  R h yd-y -D w r  Seams a r e  s p l i t  l o w e r  

p o r t i o n s  o f  t h e  s t a n d a r d  H o . 2 Rhondda  Seam a n d  b e c a u s e  t h e y  

a r e  b o t h  a n  i n t e g r a l  p a r t  o f  t h e  l o w e s t  m e s o th e m ,  i t  i s  a r g u e d  

h e r e  t h a t  b o t h  seams s h o u l d  be  i n c l u d e d  i n  t h e  Rhondda Beds ;  

an d  t h e  t o p  o f  t h e  L l y n f i  Beds i n  t h i s  ^ r e a  i s  p r o p e r l y  

p l a c e d  a t  t h e  b a s e  o f  t h e  l o w e s t  l e a f  o f  c o a l  o f  t h e  P ay n es  

Seam.

U n f o r t u n a t e l y ,  much o f  t h e  d r i l l i n g  i n  t h e  B l a e n a n t  b o r e 

h o l e s  was ’ o p e n h o l e ’ a n d  c o r e s  w e r e  o b t a i n e d  o n l y  f o r  t h e  

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

t h e  H o . 2 Rhondda Seam. By e x a m i n i n g  c h i p p i n g  s a m p l e s  f r o m  

t h e  o p e n - h o l e  p o r t i o n s  a n d  by i n t e r p r e t i n g  t h e  g e o p h y s i c a l  

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

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

f a u n a l  d i s t r i b u t i o n  w i t h i n  t h e  m e so th e m s  a n d  i n  o r d e r  t o  

s u p p l y  t h e  p a l a e o n t o l o g i c a l  e v i d e n c e  some o f  t h e  i n f o r m a t i o n  

f r o m  t h e  T r e l e w i s  b o r e h o l e s  i s  u s e d  h e r e .  The T r e l e w i s  b o r e 

h o l e s  were  d r i l l e d  s o u t h  o f  T r e l e w i s  D r i f t  Mine i n  M e r t h y r

T y d f i l ,  Mid G la m o rg a n ,  some 35km. e a s t  o f  t h e  B l a e n a n t  b o r e 

h o l e s  on  t h e  N o r t h  Crop o f  t h e  c o a l f i e l d .  The T r e l e w i s  b o r e 

h o l e s  e x a m in e d  t h e  m e a s u r e s  f r o m  t h e  l o w e r  p a r t  o f  t h e

G r o v e s e n d  Beds down t o  t h e  b a s e  o f  t h e  B r i t h d i r  Beds a n d  

w ere  c o r e d  t h r o u g h o u t .  I n  t h e  T r e l e w i s  a r e a  t h i s  s e q u e n c e  i s  

a  c o n d e n s e d  o n e ,  b e i n g  j u s t  o v e r  300m t h i c k ,  b u t  e x h i b i t s  

m eso them s  t h e  d e t a i l s  o f  w h i c h  a r e  o u t s i d e  t h e  s c o p e  o f  t h i s  

s t u d y .  The r e s u l t s  f r o m  t h e  T r e l e w i s  b o r e h o l e s  a r e  u s e d  h e r e  

o n l y  t o  s u p p l y  t h e  f a u n a l  d i s t r i b u t i o n  f o r  a n  i d e a l  ’ P e n n a n t  * 

m e so th e m .

I n  s o  f a r  a s  t h i s  s t u d y  i s  b a s e d  u p o n  a  w e l l - d e f i n e d  a r e a  o f  

s t u d y ,  t h e  m e s o t h e m  d e t a i l e d  h e r e  i s  r e p r e s e n t a t i v e  o f  t h e  

U p p e r  ' . V e s t p h a l i a n  C  o n l y ,  s p a n n i n g  t h e  m e a s u r e s  f r o m  t h e  b a s e  

o f  t h e  R h o n d d a  B e d s  t o  t h e  t o p  o f  t h e  B r i t h d i r  B e d s ,  t h e  

l a t t e r  c o i n c i d e s  w i t h  t h e  t o p  o f  t h e  V e s t p h a l i a n  C  d i v i s i o n .

The c y c l o t h e m  so  u n i v e r s a l l y  a c c e p t e d  a s  t h e  b a s i c  s e d i m e n t a r y  

u n i t  o f  t h e  U p p er  C a r b o n i f e r o u s  G o a l  M e a s u r e s  i s  s o  v a r i a b l e  

i n  t h e  U p p e r  W e s t p h a l i a n  C t h a t  s ea m  by seam c o r r e l a t i o n  

becom es  u n r e a l i s t i c .  E x c e p t i o n s  a n d  v a r i a t i o n s  w i t h i n  t h e  

s e q u e n c e  a r e  s u c h  t h a t  a  t y p i c a l  c y c l o t h e m  s u c h  a s  'Voodland 

a n d  Evans  p r o p o s e d  i n  I 964  f o r  t h e  P o n t y p r i d d - M a e s t e g  a r e a  i s  

i m p r a c t i c a l  h e r e .  H ow ever ,  i f  c y c l o t h e m s  a r e  g r o u p e d  i n t o  

m e s o t h e m s ,  t h e  m eso them s  a r e  r e a d i l y  r e c o g n i s a b l e  ( F i g . 2 . 4 9 ) ,
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Mesothems In The Upper Coal Measures 
Of The Dulais V a l le y .
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w h i l s t  t h e  i n d i v i d u a l  c y c l o t h e m s  c o m p r i s i n g  t h e  m eso them s  

o f t e n  c a n n o t  be  c o r r e l a t e d .  The l a t e r a l  v a r i a t i o n s  w i t h i n  

a  m eso them  a r e  s i m i l a r  t o  t h e  l a t e r a l  v a r i a t i o n s  o b s e r v e d  

w i t h i n  a  c y c l o t h e m  i n  t h e  l o w e r  c o a l  m e a s u r e s  w h e re  t h e  )

i n d i v i d u a l  l i t h o l o g i c a l  o r  f a u n a l  b e d s  m a k in g  u p  t h e  c y c l o t h e m  

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

may b e  r e a d i l y  r e c o g n i s e d  a t  d i f f e r e n t  l o c a t i o n s .

The i d e a l  W e s t p h a l i a n  C m eso th em  ( P i g . 2 . 5 0 )  o p e n s  w i t h  a  

s l i g h t l y  s i l t y  m u d s to n e  w h i c h  c o a r s e n s  u p w a r d s  r a p i d l y  i n  a  

g r a d e d  s e q u e n c e  c u l m i n a t i n g  i n  a  s a n d s t o n e  w h ic h  i s  t y p i c a l l y  

a  s u b - g r e y w a c k e .  The o v e r l y i n g  s e a t e a r t h  i s  t y p i c a l l y  a  

g a n i s t e r  a n d  t h e  c o a l  s eam  a b o v e  i s  t h i n .  I n  d e t a i l  t h e  c o a l  

seam i s  f r e q u e n t l y  a  m u l t i - l e a v e d  seam c o m p r i s i n g  t h i n  b a n d s  

o f  c a r b o n a c e o u s  m u d s to n e  r a p i d l y  a l t e r n a t i n g  w i t h  c o a l  b a n d s  

r e s u l t i n g  i n  a  p o o r  q u a l i t y  s eam .  The seam a s  a  w h o le  i s  

r a r e l y  a s  t h i c k  a s  Im and  i s  g e n e r a l l y  t h i n n e r  t h a n  0 . 60m.

The b a s a l  s i l t y  m u d s to n e  c o n t a i n s  E u e s t h e r i a  s p .  and  i r o n  

p y r i t e s ;  t h e  p y r i t e s  p e r s i s t s  u p w a r d s  b u t  t h e  E u e s t h e r i a  s p .  

g i v e  way t o  P l a n o l i t e s  o p h t h a l m o i d e s . B o th  g i v e  way u p w a r d s  

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

t h e  p l a n t  d e b r i s  becom es  c o m m in u ted  i n  t h e  s a n d s t o n e  b e d .

The c y c l o t h e m  v a r i e s  b e t w e e n  2 .5 m  and  17m i n  t h i c k n e s s  an d  i s  

e x t r e m e l y  v a r i a b l e  l a t e r a l l y .  T h i s  b a s i c  c y c l o t h e m  i s  

r e p e a t e d  u p  t o  t h r e e  t i m e s  t o  p r o d u c e  a  r a p i d l y  a l t e r n a t i n g  

s e a u e n c e  o f  m u d s t o n e s ,  s i l t s t o n e s ,  s a n d s t o n e s ,  s e a t e a r t h s  

a n d  t h i n  c o a l  s e a m s .  T h i s  c o m p o s i t e  u n i t  i s  l o c a l l y  known a s
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Idea l  Cyclothems For The  
S o u th  W ales C o a l f ie ld .
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q ) Ideal  cyclothem for th e  upper p a r t  of
the  W e s t p h a l i a n  C and th e  W e s t p h a l i a n
D a f t e r  W ood land  and E v a n s  (1964).

b)  Idea l  m e s o t h e m  for  th e  u p p e r  p a r t
o f  t h e  W e s t p h a l i a n  C for  t h e  N o r t h
C rop .T he  m e s o t h e m  is h e r e  t a k e n  a s  
t h e  a p p r o p r i a t e  b as ic  s e d i m e n t a r y  unit.
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a ’ s l a c k * ,  a  t e r m  w h i c h  h : a s  b e e n  d i s c u s s e d  e a r l i e r  i n  . t h i s  

c h a p t e r .  A s  d e t a i l e d  a b o v e ,  w h i l s t  t h e  ’ s l a c k ’ m a y  b e  a  

r e c o g n i s a b l e  f e a t u r e ,  t h e  i n d i v i d u a l  b e d s  w i t h i n  i t  e x h i b i t  

v e r y  r a p i d  l a t e r a l  v a r i a t i o n s .

T h e  c y c l o t h e m  a b o v e  t h e  t o p  s e a m  o f  t h e  ’ s l a c k ’ o p e n s  a s  i f  

t o  r e p e a t  t h e  s a m e  p a t t e r n  a s  t h e  c y c l o t h e m  c o m p r i s i n g  t h e  

’ s l a c k ’ .  H o w e v e r ,  t h e  s a n d s t o n e  p h a s e  i s  g r e a t l y  e x a g g e r a t e d  

a n d  i s  b e t w e e n  4 0 m  a n d  9 0 m  t h i c k ,  a g a i n  s h o w i n g  s o m e  l a t e r a l  

v a r i a t i o n .  D i s c r e t e  s i l t y  m u d s t o n e  b a n d s  d e v e l o p  l o c a l l y  t o  

b r e a k  u p  t h e  s a n d s t o n e ,  b u t  t h e y  a r e  v e r y  s u b o r d i n a t e ,  t h e  

s a n d s t o n e  i s  s l i g h t l y  q u a r t z i t i c  a n d  i s  g e n e r a l l y  a  s u b -  

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

o f  c o a l ,  c o a l  m e a s u r e  m u d s t o n e s  a n d  i r o n s t o n e  n o d u l e s ,  t h e  

c o n g l o m e r a t e  l a y e r s  h a v e  e r o s i v e  b a s e s  a n d  f r e q u e n t l y  d i s p l a y  

s l u m p  s t r u c t u r e s .  T h e  t h i c k  s h e e t  s a n d s t o n e  p a s s e s  u p w a r d s  

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

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

T h i s  v e r y  a r e n a c e o u s  c y c l o t h e m  v a r i e s  f r o m  4 0 m  t o  1 3 5 %  i a  

o v e r a l l  t h i c k n e s s .

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

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

f o l l y  t o  u s e  a  s i n g l e  c y c l o t h e m  o r  a  c o m p o s i t e  ’ s l a c k ’ 

d e v e l o p m e n t ,  o r  a  t h i c k  a r e n a c e o u s  c y c l o t h e m .  w h i l s t  t h e  

’ s l a c k s ’ a r e  r e a d i l y  r e c o g n i s e d  t h e y  a r e  n o t  r e p e a t e d  

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

c y c l o t h e m ,  t h e n  a  f u r t h e r  ’ s l a c k ’ a n d  s o  o n .  T h e  c o m b i n e d  

’ s l a c k ’ a n d  o v e r l y i n g  a r e n a c e o u s  c y c l o t h e m  f o r m s  a  s e d i m e n t a r y  

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

u n i t  o f  t h e  U p p e r  W e s t p h a l i a n  C  s u b - d i v i s i o n  o f  t h e  C o a l  

M e a s u r e s .

T h e  m e s o t h e m  d i s p l a y s  r a p i d  l a t e r a l  v a r i a t i o n s ;  t h e  o v e r a l l  

t h i c k n e s s  v a r i e s  f r o m  4 0 m  t o  1 4 5 m  w i t h i n  t h e  a r e a  o f  s t u d y .  

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

b u t  c a n  b e  r e c o g n i s e d  a s  b e i n g  ' t h i c k e r *  o r  ' t h i n n e r *  t h a n  

t h e i r  n e i g h b o u r s .  T h e  N o . ?  R h o n d d a  R i d e r  m e s o t h e m  i s  4 0 m  t o  

63 m  t h i c k  a n d  c a n  b e  c o n s i d e r e d  a s  r e l a t i v e l y  t h i n .  O a  t h e  

o t h e r  h a n d ,  t h e  N o . l  R h o n d d a  m e s o t h e m  v a r i e s  f r o m  9 0 m  t o  

1 4 0 m ,  a  w i d e  r a n g e  o f  t h i c k n e s s e s ,  b u t  a l w a y s  a  t h i c k  m e s o t h e m  

c o m p a r e d  t o  t h e  N o . 2  R h o n d d a  R i d e r  m e s o t h e m .

T h e  m e s o t h e m  i m p l i e s  a  r e g u l a r  r e p e a t e d  s e d i m e n t a r y  p r o c e s s ;  

w h i l s t  t h e  r a n i d  l a t e r a l  a n d  v e r t i c a l  v a r i a t i o n s  w i t h i n  a  

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

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

t h e  f i n a l  c h a p t e r s  o f  t h i s  t h e s i s .
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C H A P T E R  3

STRUCTURE

3.1 G e n e r a l  B a c k g r o u n d

T h e  S o u t h  W a l e s  C o a l f i e l d  i s  a  c o m p l e x  b a s i n - s h a p e d  

s y n c  l i n e .  T h e  p r i n c i p a l  s t r u c t u r a l  f e a t u r e s  o f  t h e  c o a l f i e l d  

a r e  A r m o r i c a n  i n  a g e ,  t h e s e  U p p e r  C a r b o n i f e r o u s  d e p o s i t s  

h a v i n g  s u f f e r e d  d e f o r m a t i o n  f r o m  t h e  e r o g e n i c  a c t i v i t y  w h i c h  

w a s  s o  m u c h  m o r e  i n t e n s e  f u r t h e r  s o u t h  a c r o s s  S o u t h e r n  

E u r o p e  a n d  t h e  M e d i t e r r a n e a n  a r e a s .  By c o m p a r i s o n  w i t h  

t h e s e  m o r e  s o u t h e r l y  a r e a s .  S o u t h  W a l e s  s u f f e r e d  ' m i n o r *  

f o l d i n g  a n d  f a u l t i n g .

A l t h o u g h  t h e  c o a l f i e l d  i s  a n  A r m o r i c a n  f e a t u r e ,  s t r u c t u r e s  

w i t h  a  Ç a l e d o n o i d  t r e n d  a r e  a l s o  p r e s e n t .  T h e  a r e a  o f  s t u d y  

i s  b o u n d e d  o n  t h e  n o r t h - w e s t  s i d e  b y  t h e  T a w e  ( o r  S w a n s e a )  V a l l e y  

D i s t u r b a n c e  a n d  o n  t h e  s o u t h - e a s t  s i d e  b y  t h e  V a l e  o f  N e a t h  

D i s t u r b a n c e .  T h e  n a t u r e  o f  t h e s e  t w o  s t r u c t u r e s  a n d  t h e i r

r e la tio n sh ip  to  the A rm o rica n * stru ctu res-is  d iscu sse d  in  

subsequent ch a p ters .

T h e  S o u t h  W a l e s  C o a l f i e l d ,  w h i l s t  c o m m o n l y  r e f e r r e d  t o  a s  a  

b a s i n - s h a p e d  s t r u c t u r e  i s  n o t  c l o s e d  o n  i t s  w e s t e r n  m a r g i n .

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

w i t h  2 g e n t l y  d i n p i n g  n o r t h e r n  l i m b  a n d  a  m u c h  s t e e p e r  

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

s y n c  l i n e ,  t h e r e  b e i n g  a  s e r i e s  o f  m a j o r  s y n c l i n a l  a x e s ,  

s e p a r a t e d  b y  a n t i c l i n e s  w h i c h  a r e  o f t e n  l e s s  w e l l - d e v e l o p e d .

T o  s o m e  e x t e n t  t h e  m a j o r  s y n c l i n a l  a x e s  a r e  a r r a n g e d  e n
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e c h e l o n  r u n n i n g  a p p r o x i m a t e l y  e a s t - w e s t  a n d  e a c h  a x i s  i s  

i t s e l f  a  s e r i e s  o f  l e s s  p e r s i s t e n t  e n  e c h e l o n  a x e s  w h ic h  

make u p  t h e  l a r g e r  s t r u c t u r e s .  T y p i c a l l y  e a c h  s y n c l i n a l  

a x i s  i s  a c c o m p a n ie d  by a  n a r r o w  b e l t  o f  i n t e n s e l y  b r o k e n  

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

( g e n e r a l l y  l e s s  t h a n  n o r m a l  f a u l t s  a r r a n g e d  a l o n g  t h e  

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

A l th o u g h  t h e  s y n c l i n e s  a r e  s e p a r a t e d  by a n t i c l i n e s ,  t h e  a x e s  

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

f o l d s  t e n d  t o  be much m ore g e n t l e  a n d  o p e n .  F o r  a r e  t h e  

a n t i c l i n a l  a x e s  s u b j e c t  t o  t h e  sam e d e g r e e  o f  s h a t t e r i n g  by 

n o r m a l  f a u l t s  w h ic h  a c c o m p a n ie s  t h e  s y n c l i n a l  f o l d s .

The a r e a  s t u d i e d  w i t h i n  t h i s  t h e s i s  l i e s  o n  t h e  n o r t h e r n  

m a r g in  a n d  t o w a r d s  t h e  w e s t e r n  e n d  o f  t h e  c o a l f i e l d .  On t h e  

e a s t e r n  e n d  o f  t h e  c o a l f i e l d  t h e  m e a s u r e s  h a v e  a  f a i r l y  

r e g u l a r  d i p  t o w a r d s  t h e  c e n t r a l  s y n c l i n a l  a x i s ;  t h i s  d i p  

a v e r a g e s  4®, o r  1 i n  1 4 .  T h i s  f a i r l y  e v e n  a n d  g e n t l e  

p i c t u r e  becom es more d i s r u p t e d  a s  o ne  moves w e s t  f ro m  

A b e r d a r e .  The c o a l s  b e g i n  t o  c l i m b  i n  r a n k  f ro m  t h e  c o k i n g  

c o a l s  (G o a l  R ank Code ^ 0 1 )  a r o u n d  M e r t h y r  T y d f i l  t h r o u g h  

t h e  c o k i n g  b l e n d e r s / s e m i - a n t h r a c i t e s  ( C .R .C .  2 0 1 )  o f  

A b e r d a r e  a n d  H irw a u n  i n t o  t h e  a n i : h r a c i t e s  (C .R .C .  1 0 1 )  o f  

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

( s e e  P i g . 1 . 8 ) .  T h i s  a r e a  o f  t h e  c o a l f i e l d  i s  known a s  t h e  

^ A n t h r a c i t e  P i e l d *  s im p l y  b e c a u s e  t h e  se a m s  a r e  a l l  o f  t h e  

a n t h r a c i t e  c o a l  r a n k .  The b o u n d a r y  o f  t h e  *a n t h r a c i t e  

f i e l d ’ i s  s o m e th in g  o f  a  s u b j e c t i v e  a n d  a r b i t r a r y  l i n e  

b e c a u s e  seam s  d e c r e a s e  i n  r a n k  w i t h  r e d u c i n g  c o v e r  a t  an y  

l o c a t i o n  ( i . e .  r a n k  d e c r e a s e s  u p  t h e  s t r a t i g r a p h i e  c o lu m n
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f o l l o w i n g  H i l t ’s  Law ( J o n e s  1 9 4 9 ) .  H o w ev er ,  n o t  a l l  

O o a ls  m ined  i n  t h e  ’a n t h r a c i t e  f i e l d ’ a r e  s o l d  a s  a n t h r a c i t e  

s m o k e le s s  f u e l ;  eome a r e  s o l d  a s  p o w e r - s t a t i o n  c o a l  b e c a u s e  

o f  q u a l i t y  c o n s i d e r a t i o n s .

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

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

t h e  c o a l f i e l d  d i s a p p e a r s .  T h e  g e n t l e  s o u t h e r l y  d i p s

i n t e r r u p t e d  by n o r t h - n o r t h - w e s t e r l y  t r e n d i n g  n o rm a l  f a u l t s  

a r e  f e a t u r e s  o f  a n  a r e a  s u f f e r i n g  a  r e l a t i v e l y  low  l e v e l  o f  

d e f o r m a t i o n  w h ic h  i s  p r e d o m i n a n t l y  t e n s i o n a l  i n  n a t u r e .

T h is  g i v e s  way i n  a  w e s t e r l y  d i r e c t i o n  t o  t h e  much g r e a t e r  

d e f o r m a t i o n  a s s o c i a t e d  w i t h  t h e  h i g h e r  r a n k  a n t h r a c i t e s ,  

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

t h r u s t s ,  a l l  s u g g e s t i v e  o f  s t r o n g  c o m p r e s s i o n  ( s e e  P i g . 1 . 4 ) .  

T h u s ,  t h i s  a r e a  o f  t h e  c o a l f i e l d  i s  c o n v e n i e n t l y  r e f e r r e d  

t o  a s  ’ t h e  a n t h r a c i t e  c o m p r e s s i o n a l  b e l t ’ .

The a r e a  o f  s t u d y  l i e s  e n t i r e l y  w i t h i n  t h i s  c o m p r e s s i o n a l  

b e l t  a n d  i s  s i t u a t e d  on  t h e  e a s t e r n  b o u n d a r y  o f  t h e  

’a n t h r a c i t e  f i e l d ’ . S t r u c t u r e s  w i t h i n  t h i s  a r e a  a r e  t h e r e 

f o r e  i n t e n s e  c o m p a re d  t o  many o t h e r  a r e a s  o f  t h e  c o a l f i e l d  

an d  a r e  o f  t h e  same n a t u r e  a s  s t r u c t u r e s  f o u n d  a c r o s s  t h e  

’a n t h r a c i t e  f i e l d ’ , a l t h o u g h  t h e  i n t e n s i t y  a n d  s i z e  o f  

s t r u c t u r e s  c o n t i n u e s  t o  i n c r e a s e  w e s tw a rd s  i n t o  P e m b ro k e 

s h i r e  a s  a  g e n e r a l  r u l e .

3 .2  D e s c r i p t i o n  Of The M ain  S t r u c t u r a l  E l e m e n t s

The p r i n c i p a l  s t u d i e s  h a v e  b e e n  made i n  t h e  a r e a  s a n d w ic h e d  

b e tw e e n  t h e  Tawe V a l l e y  a n d  V a le  o f  F e a t h  D i s t u r b a n c e s  a n d  

b o u n d ed  on t h e  n o r t h - e a s t e r n  s i d e  by t h e  o u t c r o p  o f  t h e
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C o a l  M e a s u r e s .  T h e  s o u t h  w e s t e r n  b o u n d a r y  w a s  a n  a r b i t r a r y  

l i m i t  i m p o s e d  b y  t h e  a u t h o r ’ s  p r o f e s s i o n a l  r e s p o n s i b i l i t i e s ,  

a l t h o u g h  t h e  a r e a  w a s  n e c e s s a r i l y  e x t e n d e d  s o u t h - w e s t  o v e r  

t h e  F a n t  M a r l  P a u l t  t o  c o m p a r e  t h e  s t r u c t u r e s  o f  t h e  

T r e f o r g a n / A b e r p e r g w m  a r e a  w i t h  t h e  d i s s i m i l a r  e n v i r o n m e n t  

e x t e n d i n g  w e s t  f r o m  t h e  F a n t  M a r l  F a u l t  t o w a r d s  F e a t h .

T h e  g e o l o g i s t  a l w a y s  y e a r n s  f o r  j u s t  a  l i t t l e  m o r e  

i n f o r m a t i o n ;  h o w e v e r ,  t h e  a r e a  s t u d i e d  w i t h i n  t h i s  p r o j e c t  

c o n t a i n s  a  l a r g e  a m o u n t  o f  g o o d  q u a l i t y  d a t a  o n  w h i c h  t o  

b a s e  h y p o t h e s e s  .  T h e  a r e a  c o n t a i n s  s e v e r a l  o p e n c a s t  c o a l  

s i t e s  i n c l u d i n g  t h e  M a e s g w y n n e  c o m p l e x  o f  o p e n c a s t  s i t e s ,  

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

e x c a v a t i o n ,  b o a s t e d  t h e  l a r g e s t  a n d  d e e p e s t  o p e n c a s t  s i t e  

i n  E u r o p e  a n d  t h e  h i g h e s t  r a t i o  o p e n c a s t  c o a l  s i t e  i n  t h e  

w o r l d .  O l d  w o r k i n g  p l a n s  o f  . m a n y  s e a m s  w e r e  e x a m i n e d ,  

i n c l u d i n g  t h o s e  f r o m  B r y n t e g ,  C e f n  C o e d ,  D i l l w y n ,  O n l l w y n ,  

S e v e n  S i s t e r s ,  T a r e n i ,  V a r t e g ,  Y s t r a d g y n l a i s  a n d  t h e  

A b e r p e r g w m  g r o u p  o f  c o l l i e r i e s .  I n f o r m a t i o n  f r o m  s e a m  

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

A b e r p e r g w m ,  B l a e n a n t  a n d  T r e f o r g a n  C o l l i e r i e s ,  a s  w e l l  a s  

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

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

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

f r o m  c l o s e d  a n d  w o r k i n g  c o l l i e r i e s  I n  s u r r o u n d i n g  a r e a s .

I n  c o l l a t i n g  t h e  i n f o r m a t i o n  a v a i l a b l e ,  l a r g e  n u m b e r s  o f  

p l a n s  o f  o l d  m i n e  w o r k i n g s  i n  a n d  i m m e d i a t e l y  a r o u n d  t h e  

a r e a  o f  s t u d y  w e r e  e x a m i n e d  ( s e e  A p p e n d i x  p  2 9 1  f o r  f u l l  l i s t ) .  

L a r g e  n u m b e r s  w e r e  p h o t o g r a p h e d  a n d  r e p r o d u c e d  o n  t w o  s c a l e s :
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1 : 1 0 5 6 0  a n d  1 : 2 5 0 0 ,  w i t h  n a t i o n a l  g r i d  a d d e d .  T h i s  e n a b l e d  

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

f r a m e w o r k  o f  t h e  s t r u c t u r a l  g e o l o g y  w a s  e r e c t e d .  T h e  s a m e  

p l a n s  a l s o  p r o v i d e d  s o m e  i n f o r m a t i o n  r e l a t e d  t o  t h e  m e a s u r e s  

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

r e l a t i n g  t o  t h e  s t r u c t u r e  a n d  o v e r a l l  t h i c k n e s s  o f  t h e  c o a l  

s e a m s .

By c r o s s - c o r r e l a t i n g  t h e  o u t l i n e  s t r u c t u r e  p l a n s  c o n s t r u c t e d  

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

b a s i c  f r a m e w o r k .  T h e  R e d  V e i n  a n d  t h e  N o .  2  R h o n d d a  S e a m  

h a v e  b e e n  w o r k e d  e x t e n s i v e l y  a c r o s s  t h e  a r e a  o f  s t u d y .  By 

e x a m i n i n g  t h e  r e c o r d s  o f  w o r k i n g s  o f  t h e s e  t w o  s e a m s  m u c h  o f  

t h e  b a s i c  s t r u c t u r e  o f  t h i s  a r e a  w a s  r e s o l v e d .

I n  1 9 7 7  t h e  N . C . B .  u n d e r t o o k  a n  e x p l o r a t i o n  p r o g r a m m e  i n  

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

o f  t h e  ’ m a i n  p r o d u c t i v e  m e a s u r e s ’ o n  t h e  e a s t e r n  s i d e  o f  t h e  

N a n t  M a r l  P a u l t .  T w o  b o r e h o l e s  h a d  b e e n  d r i l l e d  i n  t h e  a r e a  

i n  t h e  1 9 5 0 ’ s  o n  b e h a l f  o f  t h e  N . C . B .  a n d  s u p e r v i s e d  b y  t h e  

I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  ( n o w  T h e  B r i t i s h  ( G e o l o g i c a l  

S u r v e y ) .  T h e  r e c o r d s  o f  t h e s e  t w o  b o r e h o l e s  ( I k i l a i s  V a l l e y  

B o r e h o l e s  1  a n d  2  P i g .  2 . 6 ) .  d i d  n o t  p r o v i d e  s u f f i c i e n t  

d a t a  a n d  a  n e w  e x p l o r a t i o n '  p r o g r a m m e  w a s  d e s i g n e d  b y  t h i s  

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

s u r f a c e ,  w i t h  m o s t  o f  t h e  d r i l l e d  m e t r e a g e  c o r e d .  A n  

e x t e n s i v e  d o w n - h o l e  g e o p h y s i c a l  s u r v e y  s u p p l e m e n t e d  t h e  d a t a  

o b t a i n e d  f r o m  t h e  c o r e  e x a m i n a t i o n .

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

c o r r e l a t e d  i n  a n  a t t e m p t  t o  p o s i t i v e l y  i d e n t i f y  a s  m a n y  c o a l
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a n d  o t h e r  n o t e a b l e  h o r i z o n s  a s  p o s s i b l e .  The p ro b le m s  

i n h e r e n t  i n  t h i s  c o r r e l a t i o n  w ork h av e  a l r e a d y  b e e n  d e t a i l e d  

i n  C h a p te r  2 o f  t h i s  t h e s i s .  îfe v in g  c o r r e l a t e d  t h e  b o r e h o l e s  

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

U s in g  e m p i r i c a l l y  d e r i v e d  d i p s  f o r  t h e  m a jo r  s t r u c t u r e s  t h e  

p o s i t i o n  an d  n a t u r e  o f  t h e  s t r u c t u r e s  a t  e a c h  o f  t h e  m a in  

seam  d a tu m s  was d e t e r m in e d  by c o m p a r in g  seam p l a n s  a n d  by 

c o n s t r u c t i n g  a  l a r g e  num ber o f  c r o s s - s e c t i o n s .

By t h i s  m eans t h e  s t r u c t u r e  p l a n s  a l r e a d y  c o n s t r u c t e d  w e re  

a d j u s t e d  t o  a c c o u n t  f o r  t h e  d a t a , o b t a i n e d  from  t h e  

e x p l o r a t i o n  program m e.

New d r i f t s  w ere d r i v e n  a t  T r e f o r g a n  C o l l i e r y  i n  o r d e r  t o  

g a i n  a c c e s s  t o  t h e  a r e a  on  t h e  e a s t  s i d e  o f  t h e  N an t  M arl 

P a u l t .  T h ese  d r i v a g e s  w ere  d r i v e n  c r o s s - m e a s u r e  t h r o u g h  t h e  

s t r a t a ,  s t a r t i n g  j u s t  a b o v e  t h e  U pper P i n c h i n  R i d e r  Seam 

and  p a s s i n g  down th r o u g h  t h e  m e a s u re s  t o  t h e  Bute Seam ( s e e  

P i g .  3 . 2 )  ; t h e y  w ere  e x am in ed  by  t h i s  a u t h o r  a t  l e a s t  o nce  

a  week o v e r  t h e  s e v e n  y e a r  p e r i o d  i n  w h ich  th e y  w ere  d r i v e n .  

T h is  d e t a i l e d  l o g g i n g  p r o v i d e d  a d d i t i o n a l  s e d i m e n t o l o g i c a l  

a n d  p a l a e o n t o l o g i c a l  d a t a  an d  e n a b l e d  t h e  c o r r e l a t i o n  o f  t h e  

b o r e h o l e s  t o  be r e f i n e d .  The d r i v a g e s  a l s o  e n c o u n t e r e d  

many f a u l t s  and  o v e r t h r u s t s  w h ic h  w ere  e x am in ed  i n  d e t a i l  i n  

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

d a t a .  lÆany o f  t h e  f a u l t s  an d  o v e r t h r u s t s  a l r e a d y  p r e d i c t e d  

f ro m  t h e  e x p l o r a t i o n  program m e w ere  e n c o u n t e r e d  i n  t h e  

d r i v a g e s ,  so  t h a t  p r e v i o u s  p r e d i c t i o n s  a b o u t  t h e  b e h a v i o u r  

o f  t h o s e  s t r u c t u r e s  c o u ld  be r e v i e w e d  an d  im p ro v e d .

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

e x p l o r a t i o n  b o r e h o l e s  a n d  f r o m  a n  e x a m i n a t i o n  o f  t h e  

m e a s u r e s  a t  T r e f o r g a n  C o l l i e r y  a  c o m p r e h e n s i v e  g e o l o g i c a l  

a p p r a i s a l  o f  t h e  a r e a  w a s  c o m p i l e d .  T h e  s t r u c t u r a l  d a t a  

w a s  p r o j e c t e d  t o  s e l e c t e d  c o a l  s e a m s  s o  t h a t  s t r u c t u r e -  

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

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

s e l e c t e d  f o r  s t r u c t u r a l  a n a l y s i s :  t h e  N i n e  P e e t / N p p e r

N i n e  P e e t  S e a m ,  t h e  R e d  V e i n  a n d  t h e  N o . 2  R h o n d d a  S e a m .

T h e  R e d  V e i n  i s  s i t u a t e d  n e a r  t h e  t o p  o f  t h e  M i d d l e  G o a l  

M e a s u r e s  ( P i g . 2 . 9 ) . . a n d  w a s  s e l e c t e d  b e c a u s e  i t  h a s  b e e n  

w i d e l y  w o r k e d  i n  t h i s  a r e a  a n d  h a s  b e e n  u s e d  t o  c o n s t r u c t  

t h e  b a s i c  s t r u c t u r a l  f r a m e w o r k .  A s  d e t a i l e d  e l s e w h e r e  i n  

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

f e a t u r e s  a t  t h e  R e d  V e i n  h o r i z o n  w i t h i n  t h e  a r e a  o f  s t u d y  

w h i c h  n e c e s s i t a t e d  s e l e c t i n g  t h i s  s e a m  a s  o n e  o f  t h e  

d a t a .

T h e  N o . 2  R h o n d d a  S e a m  I s  t h e  h i g h e s t  o f  t h e  t h r e e  s e a m s  

s e l e c t e d  ( s e e  P i g . 2 . 9 ) .  I t  i s  w i d e l y  w o r k e d  s o  t h a t  a  

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

t h i s  h o r i z o n .  T h e  s e a m  o c c u r s  n e a r  t h e  b a s e  o f  t h e  t h i c k  

’ p e n n a n t  s a n d s t o n e s ’ w h e r e  t h e  m a r k e d  c h a n g e  i n  t h e  

l i t h o l o g y  h a s  a  s i g n i f i c a n t  e f f e c t  u p o n  t h e  s t r u c t u r e s  

w h i c h  h a v e  d e v e l o p e d .  T h i s  c h a n g e  i n  s t r u c t u r a l  r e g i m e  i s  

e x a m i n e d  a n d  d i s c u s s e d .

T h e  l o w e s t  d a t u m  s e l e c t e d  i s  t h e  N i n e  P e e t  S e a m  a n d  i t s  

w e s t w a r d  s p l i t  r e p r e s e n t a t i v e  t h e  U p p e r  N i n e  P e e t  S e a m .  

T h i s  w a s  o n e  o f  t h e  t a r g e t  s e a m s  i n  t h e  e x p l o r a t i o n
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p r o g r a m m e  a n d  t h e  s t r u c t u r a l  d a t a  w a s  p r o j e c t e d  t o  t h i s  

h o r i z o n .  T h e  n a t u r e  o f  t h e  f a u l t i n g  a n d  o v e r t h r u s t i n g  a t  

t h i s  l o w e s t  h o r i z o n  i s  d e t a i l e d  a n d  c o m p a r e d  w i t h  t h e  

s t r u c t u r e s  a t  t h e  o t h e r  t w o ,  h i g h e r  s e a m  d a t a .

S t r u c t u r e - c o n t o u r  p l a n s  o f  t h e s e  t h r e e  s e a m s  a r e  p r e s e n t e d  

i n  t h i s  t h e s i s .  T h e  1 / 1 0 , 5 6 0  s c a l e  p l a n s  a r e  c o n t a i n e d  i n  

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

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

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

s e a m  d a t u m s ,  b u t  r e a d e r s  a r e  r e f e r r e d  t o  t h e  l a r g e  f o l d -  

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

i n  t h i s  a r e a .

3 ,2 .1  ' S u m m a r y  A n d  C o m p a r i s o n  O f  T h e  S t r u c t u r e s  A t  T h e  T h r e e  S e a m  
H o r i z o n s

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

m e a s u r e s  w i t h i n  t h e :  a r e a  o f  s t u d y  g e n e r a l l y  d i p  t o  t h e  

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

o r  e v e n  n o r t h e r l y  d i p s  l o c a l l y .  T h e  a r e a  i s  b r o k e n  b y  a

s e r i e s  o f  n o r m a l  f a u l t s  o f  A r m o r i c a n  a g e  w h i c h  t r e n d  j u s t  

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

t h e  m e a s u r e s  f o r  d i s t a n c e s  g r e a t e r  t h a n  2  k m ;  m a n y  a f f e c t  

t h e  e n t i r e  t h i c k n e s s  o f  t h e  C o a l  M e a s u r e s .  T h e  t h r o w  v a r i e s  

a l o n g  t h e i r  l e n g t h  a n d  t h e  l a r g e s t  e x c e e d  1 0 0 m ;  s o m e  o f  t h e  

l a r g e r  f a u l t s  a r e  n a m e d ,  e . g .  t h e  B w l l a u  B a c h  F a u l t  a n d  t h e  

F a n t  M a r l  P a u l t  ( s e e  P i g . 3 . 3 ) .

T h e  a r e a  i s  a l s o  a f f e c t e d  b y  m a n y  o v e r t h r u s t s  w h i c h  h a v e  a  

l o w  d i p  o f  a r o u n d  1 8 °  t o  30°  a n d  a  s i n u o u s  t r a c e  i n  e a c h  

s e a m .  W o o d l a n d  a n d  E v a n s  ( 1 9 6 4 )  n o t e d  t h a t  o v e r t h r u s t i n g
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w a s  m o r e  p r e v a l e n t  i n  t h e  ’ m a i n  p r o d u c t i v e  m e a s u r e s ’ , 

d y i n g  o u t  h i g h e r  i n  t h e  M i d d l e  C o a l  M e a s u r e s .  F i g u r e  3 * 4  

i s  t a k e n  f r o m  W o o d l a n d  a n d  E v a n s  ( 1 9 6 4 )  a n d  s u m m a r i s e s  

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

o n  t h e  S o u t h  C r o p  o f  t h e  c o a l f i e l d .  A  s i m i l a r  p a t t e r n  w a s  

o b s e r v e d  w i t h i n  t h i s  a r e a  o f  s t u d y ,  w h e r e  o v e r t h r u s t i n g  

w a s  s e e n  t o  b e  m o r e  f r e q u e n t  i n  t h e  ’ m a i n  p r o d u c t i v e  

m e a s u r e s ’ .  H o w e v e r ,  a l t h o u g h  o v e r t h r u s t i n g  d o e s  d i m i n i s h  

u p w a r d s  t h r o u g h  t h e  m e a s u r e s  w i t h i n  t h e  a r e a  o f  s t u d y ,  i t  

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

t h e  M a e s  t e g / P o n t y p r i d d  a r e a  o f  W o o d l a n d  a n d  E v ^ ^ n s .

T h e  p a t t e r n  o f  n o r m a l  f a u l t s  i n  t h e  t h r e e  s e a m s  i s  s i m i l a r  

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

s e a m s .  T h e  G l y n c o r r w g ,  P w l l a u  B a c h ,  D i p - F a c h ,  T w e e d l e  a n d  

N a n t  M a r l  F a u l t s  a r e  p r e s e n t  a t  t h e  t h r e e  s e a m  d a t a  a n d  

h a v e  a  s i m i l a r  l a r g e  t h r o w  a t  e a c h  d a t u m .  A  s e r i e s  o f  

n o r m a l  f a u l t s  e x t e n d i n g  s o u t h w a r d s  f r o m  t h e  T a w e  V a l l e y  

D i s t u r b a n c e  a n d  d y i n g  o u t  2 k m , t o  4 k m  t o  t h e  s o u t h  a r e  

p r e s e n t  i n  a l l  t h r e e  s e a m s  ( s e e  F i g s .  3 . 5 ,  3 . 6  a n d  3 . 7 ) .  

M a n y  o f  t h e  n o r m a l  f a u l t s  w h i c h  a r e  p e r s i s t e n t  l a t e r a l l y  

f o r  d i s t a n c e s  i n  e x c e s s  o f  1 k m , a r e  a l s o  p e r s i s t e n t  

v e r t i c a l l y  a n d  a r e  p r e s e n t  a t  a l l  t h r e e  s e a m  h o r i z o n s .

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

t h r e e  s e a m  h o r i z o n s  a n d  j u s t  a s  t h e  t h r o w  o f  f a u l t s  v a r i e s  

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

a r e  b e s t  i l l u s t r a t e d  b y  r e f e r e n c e  t o  t h e  N a n t  M a r l  F a u l t  

a b o u t  w h i c h  m o s t  i s  k n o w n  b e c a u s e  i t  h a s  b e e n  e n c o u n t e r e d  

f a i r l y  f r e q u e n t l y  i n  o l d  w o r k i n g s  a t  s e v e r a l  h o r i z o n s .  T h e
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Overthrustino Confined To The 
"Main Productive Measures"

NATIONAL C O L L I E R Y S E A M S  A F F E C T E D :  N I N E - F E E T  D O W N W A R D S
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CAERAU A N D  C O E G N A N T  CO LLIE R IES  S E A M S  AF FECTED: UP PER N IN E -F E E T  D O W N W A R D S

' ^  N E W L A N D S  CO LL IE RY  ( G E N E R A L I Z E D )  S E A M S  A F F E C T E D :
T W O -F E E T -N IN E  TO GELUDEG.  B U T  PARTICULARLY T W O -FE E T-N IN E  TO S IX -F E E T

Y A R D S 1000
S C A L E :  v e r t i c a l  A N D  H O R I Z O N T A L

Cross-sections illustrating the manner in which overthrusts are 
confined to the "Main Productive Measures".The sections are taken 
from a number of now closed South Crop collieries.All the sections 
ore aligned approximately north-south,north being on the left side.

(After Woodland and Evans 1964.) Figure 3.4



N a n t  M a r l  P a u l t  i n  d i s c u s s e d  i n  d e t a i l  l a t e r  i n  t h i s  c h a p t e r  

a n d  i l l u s t r a t e s  m a n y  f e a t u r e s  c o m m o n  t o  o t h e r  f a u l t s  i n  t h i s  

a r e a .

A t  t h e  h o r i z o n  o f  t h e  N o . 2  R h o n d d a  S e a m  t h e  p l a n e s  o f  n o r m a l  

f a u l t s  t e n d  t o  h a v e  f a i r l y  s t r a i g h t  t r a c e s  a n d  a  d i p  s t e e p e r  

t h a n  65 ° .  P a u l t s  c h a n g e  t h e i r  t r e n d  b y  v i r t u e  o f  b e i n g  

c o m p o s e d  o f  a  s e r i e s  o f  e n  e c h e l o n  p l a n e s ,  e a c h  h a v i n g  a  

d i f f e r e n t  t r e n d .  A t  t h e  R e d  V e i n  h o r i z o n s  t h e  f a u l t s  t a k e  

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

f a u l t s  a s s o c i a t e d  w i t h  t h e m .  A t  t h e  N i n e  P e e t  S e a m  h o r i z o n  

t h e  d i p  o f  t h e  f a u l t  p l a n e  i s  s h a l l o w e r  t h a n  5 5 °  a n d  m a y  b e  

a s  s h a l l o w  a s  5 Q O .  T h u s ,  n o r m a l  f a u l t s  e n c o u n t e r e d  h i g h e r  

i n  t h e  m e a s u r e s  m a y  e v e n  b e c o m e  l a g  f a u l t s  ( n o r m a l  f a u l t s  

h a v i n g  a  l o w  d i p ;  a t  t h i s  h o r i z o n  ( s e e  P i g . 3 . 8 ; .  N o r m a l  

f a u l t i n g  i s  m o r e  f r e q u e n t  a t  t h e  N i n e  P e e t  S e a m  h o r i z o n  a n d  

t h e r e  a r e  m o r e  i n s t a n c e s  o f  e v e n  t h e  a p p r o x i m a t e l y  n o r t h -  

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

N o r m a l  f a u l t s  t r e n d i n g  c l o s e  t o  e a s t - w e s t  a r e  n o t  a s  w i d e 

s p r e a d  a t  t h e  N i n e  P e e t  S e a m  h o r i z o n ,  i n  f a c t  t h e y  a r e  

p r e s e n t  o n l y  o n  t h e  w e s t e r n  s i d e  o f  t h e  N a n t  M a r l  P a u l t .

S u c h  f a u l t s  a r e  f a i r l y  c o m m o n  a t  t h i s  h o r i z o n  i n  t h e  C e f n  

C o e d  C o l l i e r y  w o r k i n g s  w h e r e  t h e y  a r e  s m a l l ,  h a v i n g  a  

m a x i m u m  t h r o w  o f  1 . 5m .  P a u l t s  w i t h  t h i s  t r e n d  a r e  v i r t u a l l y  

a b s e n t  a t  t h e  R e d  V e i n  h o r i z o n .  A t  t h e  N o . 2  R h o n d d a  S e a m  

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

a r e  o f t e n  p e r s i s t e n t  f o r  o v e r  0 . 5 k m , a n d  t h e i r  t h r o w  i s  

f r e a u e n t l y  l a r g e ,  u p  t o  21 m ,  d o w n t h r u s t i n g  b o t h  t o  t h e  

n o r t h  a n d  s o u t h .  W h i l s t  n o r m a l  f a u l t s  o f  t h i s  s i z e  h a v i n g
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a  t r e n d  c l o s e  t o  n o r t h - s o u t h  a r e  g e n e r a l l y  p e r s i s t e n t  

t h r o u g h o u t  t h e  m e a s u r e s ' ,  t h e s e  l a r g e  e a s t - w e s t  t r e n d i n g  

n o r m a l  f a u l t s  d o  n o t  t r a v e r s e  t h e  m e a s u r e s  e v e n  a s  f a r  a s  

t h e  R e d  V e i n ,  w h i c h  i s  o n l y  2 5 0 m  b e l o w .

S m a l l e r ,  s e c o n d a r y  f a u l t s  w i t h  d i s p l a c e m e n t s  l e s s  t h a n  6 m  

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

n o r m a l  f a u l t s  d e s c r i b e d  a b o v e .  T h e  d o m i n a n t  t r e n d  o f  s u c h  

s m a l l e r  f a u l t s  i s  j u s t  w e s t  o f  n o r t h - s o u t h ,  i . e .  p a r a l l e l  

t o  t h e  d o m i n a n t  f a u l t s .  A t  t h e  h o r i z o n  o f  t h e  N i n e  P e e t  

S e a m  t h i s  a l m o s t  n o r t h - s o u t h  t r e n d  i s  t h a t  f o l l o w e d  b y  t h e  

o v e r w h e l m i n g  m a j o r i t y  o f  n o r m a l  f a u l t s ,  k c o n j u g a t e  s e t  o f  

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

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

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

o n  t h e  w e s t  s i d e  o f  t h e  N a n t  M a r l  P a u l t ;  ; 0n l y  a  f e w  o c c u r  

t o  t h e  e a s t  o f  i t  i n  t h e  E a s t  D e v e l o p m e n t s  a t  T r e f o r g a n  

C o l l i e r y ,  a t  t h e  s o u t h - e a s t e r n  m a r g i n  o f  t h e  S e v e n  S i s t e r s  

C o l l i e r y  w o r k i n g s  a n d  t h e r e  a r e  s o m e  i n f e r r e d  e x a m p l e s  i n  

t h e  O n l l w y n  C o l l i e r y  w o r k i n g s .

A.t t h e  R e d  V e i n  h o r i z o n  f a u l t s  h a v i n g  a  s i m i l a r  t r e n d  t o  

t h i s  c o n j u g a t e  s e t  a r e  p r e s e n t .  O n l y  o n e  e x a m p l e  o c c u r s  t o  

t h e  e a s t  o f  t h e  N a n t  M a r l  P a u l t ,  a  1 5 m  f a u l t  t r e n d i n g  n o r t h 

e a s t  t o  s o u t h - w e s t  w h i c h  c a n  b e  s e e n  o n  t h e  R e d  V e i n  

s t r u c t u r e  c o n t o u r  p l a n  a p p r o x i m a t e l y  5 0 0 m  e a s t  o f  T r e f o r g a n  

B o r e h o l e  N o . 2 .  T o  t h e  w e s t  o f  t h e  N a n t  M a r l  P a u l t  i t  i s  

t h e  n o r t h - w e s t  t o  s o u t h - e a s t  m e m b e r  o f  t h e  c o n j u g a t e  

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

R e d  V e i n  w o r k i n g s  o f  t h e  T r e f o r g a n  C o l l i e r y  w h e r e  t h e y  a r e
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C ro ss -S ec t io n  Of A Normal Fault Which Becomes 
A Log Fault  At Deolh.
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r e p r e s e n t e d  by n o rm a l  f a u l t s  h a v in g  a  f a i r l y  low  d i p  and  

h e n c e  a  c u rv e d  t r a c e .  They i n v a r i a b l y  h a v e  a  f a i r l y  t h i c k  

f a u l t  gouge  (up t o  0.20mJ and  a r e  l o c a l l y  r e f e r r e d  t o  a s  

* c la y  j o i n t s * .  F u r t h e r  n o r t h  t h e  c ro p  o f  t h e  seam i s  

d i s p l a c e d  by a  24m n o rm a l  f a u l t  h a v in g  t h i s  same t r e n d .

I s o l a t e d  ex a m p le s  o f  n o rm a l  f a u l t s  b e l o n g i n g  t o  t h i s  c o n j u g a t e  

s e t  a r e  p r e s e n t  a t  t h e  N o .2 Rhondda Seam, b u t  t h e y  a r e  r a r e .  

Normal f a u l t s  a t  t h i s  h o r i z o n  t e n d  t o  h a v e  a n  a p p r o x i m a t e l y  

n o r t h - s o u t h  o r  e a s t - w e s t  t r e n d .  The f a u l t s  a s s o c i a t e d  w i t h  

t h i s  c o n j u g a t e  s e t  a t  t h i s  h o r i z o n  t e n d  t o  be s m a l l ,  h a v in g  

a  th ro w  o f  l e s s  t h a n  5m; t h e  e x c e p t i o n  i s  a  f a u l t  

a p p r o x i m a te ly  1km. s o u t h - e a s t  o f  C efn  Coed C o l l i e r y  s h a f t s  

w h ich  h a s  a th ro w  o f  a p p r o x i m a t e l y  10m t o  t h e  s o u t h - e a s t .

I n  su m m a r is in g  t h e  p a t t e r n  o f  n o rm a l f a u l t s  w i t h i n  t h e  a r e a  

o f  s tu d y  i t  c a n  be s e e n  t h a t  t h e  d o m in a n t  f a u l t  t r e n d  i s  

n o r t h - n o r t h - w e s t  t o  s o u t h - s o u t h - e a s t .  The l a r g e r  f a u l t s  

b e l o n g in g  to  t h i s  s e t  a f f e c t  t h e  whole t h i c k n e s s  o f  th e  

C oal M easu res  and  a r e  o f t e n  p e r s i s t e n t  f o r  s e v e r a l  k i l o m e t r e s .  

Many s m a l l  n o rm a l  f a u l t s  w i t h  a  th ro w  o f  l e s s  t h a n  6m f o l l o w  

th e  same t r e n d .  F a u l t i n g  i s  m o s t  s e v e r e  a t  t h e  h o r i z o n  o f  

th e  N ine F e e t  Seam, w h ere  t h e  f a u l t  p l a n e s  h a v e  a  lo w e r  d i p ,  

some h av e  t u r n e d  i n t o  l a g  f a u l t s  a t  t h i s  h o r i z o n .  The 

p a t t e r n  a t  t h e  Red V ein  h o r i z o n  i s  s i m i l a r ,  th o u g h  f a u l t i n g  

i s  l e s s  s e v e r e  and  t h e  d i p  o f  t h e  f a u l t  p l a n e s  i s  s t e e p e r .

At t h e  h o r i z o n  o f  t h e  N o .2 Rhondda Seam t h e s e  f a u l t s  a r e  

s t i l l  t h e  m o st i m p o r t a n t ,  b u t  e a s t - w e s t  t r e n d i n g  f a u l t s  a r e  

common, o f t e n  p e r s i s t e n t  f o r  o v e r  a  k i l o m e t r e  an d  o f t e n  

w i th  a f a i r l y  l a r g e  th r o w .  A c o n j u g a t e  s e t  o f  f a u l t s
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t r e n d i n g  n o r t h - w e s t  t o  s o u t h - e a s t  a n d  n o r t h - e a s t  t o  s o u t h 

w e s t  a r e  p r e s e n t  a t  a l l  t h r e e  h o r i z o n s .  They a r e  r a r e  a t  

t h e  h o r i z o n  o f  t h e  N in e  F e e t  Seam; s m a l l ,  b u t  s l i g h t l y  m ore 

common a t  t h e  Red V e in  h o r i z o n ;  a n d  h a v e  t h e i r  l a r g e s t  

t h r o w s  a t  t h e  N o .2 R hondda Seam h o r i z o n .

R e v e r s e d  f a u l t i n g  i s  w i d e s p r e a d  t h r o u g h o u t  t h e  a r e a  o f  s t u d y  

b o t h  a s  ' r e v e r s e d  f a u l t s '  ( d i p  o f  t h e  f a u l t  p l a n e  4 5 °  o r  

s t e e p e r )  an d  o v e r t h r u s t s  ( d i p  o f  t h e  f a u l t  p l a n e  l e s s  t h a n  

4 5 ° ) .  R e v e r s e d  f a u l t s  h a v e  n o t  b e e n  o b s e r v e d  a t  o r  n e a r  

t h e  N ine  F e e t  Seam h o r i z o n ,  b u t  o v e r t h r u s t i n g  i s  common a n d  

i s  f a r  more w i d e s p r e a d  t h a n  a t  t h e  o t h e r  tw o , ,  h i g h e r  seam  

h o r i z o n s .  At t h i s  l o w e s t  s e l e c t e d  seam  h o r i z o n  o v e r t h r u s t s  

a r e  f a r  more f r e a u e n t ,  h a v e  a  m ore p r o n o u n c e d  im p a c t  on 

s t r a t a  d i p s  an d  d i s t u r b  w i d e r  z o n e s  o f  t h e  m e a s u r e s  t h a n  a t  

t h e  h i g h e r  h o r i z o n s .  The d i f f e r e n c e  i n  t h e  l e v e l  o f  o v e r 

t h r u s t i n g  i n  t h e  t h r e e  seam s  c a n  be i m m e d i a t e l y  a p p r e c i a t e d  

w i t h  e v e n  t h e  m o s t  c a s u a l  e x a m i n a t i o n  o f  t h e  seam  s t r u c t u r e -  

c o n t o u r  p l a n s  ( F i g s .  3 . 5 ,  3 . 6  a n d  3 . 7 ) .

B ec au se  o f  t h e  low  d i p  o f  t h e  o v e r t h r u s t  p l a n e s  an d  t h e  

s t e e p  d i p  o f  t h e  seam s i n  t h e  p r o x i m i t y  o f  t h e s e  d i s t u r b a n c e s  

t h e y  t e n d  t o  h a v e  a  s i n u o u s  t r a c e  a t  t h e  seam  d a tu m . The 

a v e r a g e  t r e n d  i s  n o r t h - w e s t  t o  s o u t h - e a s t ;  t h e  d i p  o f  t h e  

p l a n e s  a r e  s o u t h e r l y  so  t h a t  t h e  r e l a t i v e  m ovem ent i s  s o u t h  

o v e r  n o r t h  ( s e e  F i g .  3 . 9 ) .  O v e r t h r u s t i n g  c a n  b e  o b s e r v e d  

i n  t h e  r e c o r d s  o f  m ine w o r k in g s  t h r o u g h o u t  t h e  a r e a  o f  s t u d y ,  

b u t  i s  m o s t  s t r o n g l y  p r o n o u n c e d  i n  a  c e n t r a l  b a n d  a l m o s t  1km. 

w id e  b e tw e e n  t h e  N a n t  M arl  F a u l t  a n d  t h e  P w l la u  Bach F a u l t .  

O v e r t h r u s t i n g  i n c r e a s e s  s i g n i f i c a n t l y  i n  t h e  v i c i n i t y  o f  

t h e  V ale  o f  N e a th  D i s t u r b a n c e .
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F eatu res  Of A Tvpical O v e r th r u st  Within 
The A r e a  Of S tu d y.
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O v e r t h r u s t i n g  i s  f a r  l e s s  p r e v a l e n t  a t  t h e  h o r i z o n  o f  t h e  

Red V ein  Seam ( s e e  P i g . 3 . 6 ) .  No o v e r t h r u s t i n g  h a s  b e e n  

n o t e d  a t  t h i s  h o r i z o n  t o  t h e  w e s t  o f  t h e  N a n t  M arl  P a u l t ,  

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

p a r t i c u l a r  b e tw e e n  t h e  N an t  M arl  and  t h e  P w l la u  Bach P a u l t s .  

The t r e n d  o f  t h e  o v e r t h r u s t s  i s  t h e  same a s  t h a t  o b s e r v e d  

f o r  t h e  N ine P e e t  Seam*, h o w ev er  a t  t h i s  h o r i z o n  t h e  o v e r 

t h r u s t s  t e n d  t o  be c o n c e n t r a t e d  i n t o  a  s m a l l  num ber o f  

p l a n e s  o f  m ovem ent, e a c h  w i t h  a  l a r g e  th ro w  and  e a c h  t e n d i n g  

t o  have  t h e  movement c o n c e n t r a t e d  i n t o  a s i n g l e  p l a n e .

T h ree  p r i n c i p a l  o v e r t h r u s t s  a r e  p r e s e n t  w h ic h  f o l l o w  th e  

r e g i o n a l  p a t t e r n  and  w h ic n  h a v e  a s o u t h  o v e r  n o r t h  movement; 

one d i p s  i n  t h e  o p p o s i t e  s e n s e  and  h a s  a  n o r t h  o v e r  s o u t h  

m ovem ent. As a t  t h e  N ine P e e t  Seam h o r i z o n  o v e r t h r u s t i n g  

i n c r e a s e s  i n  t h e  v i c i n i t y  o f  t h e  V ale  o f  N e a th  D i s t u r b a n c e .

At th e  h o r i z o n  o f  t h e  N o .2 Rhondda Seam o v e r t h r u s t s  a r e  

a b s e n t ,  b u t  a  s m a l l  num ber o f  r e v e r s e d  f a u l t s  a r e  p r e s e n t .  

E p s t  o f  t h e  N an t M arl P a u l t  t h e r e  i s  o n ly  one r e v e r s e d  

f a u l t  w i t h  a  th ro w  o f  18m an d  t r e n d i n g  n o r t h - n o r t h - e a s t  t o  

s o u t h - s o u t h - w e s t  and  w i t h  a  r e l a t i v e  movement o f  n o r t h - e a s t  

o v e r  s o u t h - w e s t .  To t h e  w e s t  o f  t h e  N an t  M arl  P a u l t  r e v e r s e d  

f a u l t s  a r e  p r e s e n t  on two t r e n d s .  R e v e r s e d  f a u l t s  f o l l o w i n g  

t h e  g e n e r a l  t r e n d  o b s e r v e d  i n  t h e  lo w e r  two seam s a r e  p r e s e n t  

iU - th e  s o u t h e r n  p a r t  o f  t h e  B la e n a n t  C o l l i e r y  w o r k in g s ;  w h i le  

r e v e r s e d  f a u l t s  w i t h  a  s in u o u s  t r a c e  w h ic h  a v e r a g e s ,  n o r t h -  

s o u t h  a r e  p r e s e n t  f u r t h e r  n o r t h  i n  t h e  same w o r k in g s .

I n  s u m m a r is in g  t h e  r e v e r s e d  m ovem ents a t  t h e  t h r e e  seam 

h o r i z o n s :  o v e r t h r u s t s  a r e  f a r  more p r e v a l e n t  a t  t h e  Nine
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Peet Seam h o r i z o n  t h a n  i n  t h e  o t h e r  two s e a m s ,  t h e  o v e r 

th r u s t s  d i s t u r b  w id e r  b a n d s  o f  s t r a t a  and  more s e r i o u s l y  

a f f e c t  s t r a t a  d i p s .  T h e re  a r e  f a r  f e w e r  o v e r t h r u s t s  a t  t h e  

Red V ein  h o r i z o n ;  t h e y  t e n d  t o  h a v e  l a r g e  th ro w s  and  t o  

have th e  movement c o n c e n t r a t e d  v i r t u a l l y  i n t o  a s i n g l e  p l a n e .  

No o v e r t h r u s t s  h a v e  b een  o b s e rv e d  i n  t h e  N o .2 Rhondda Seam, 

but t h e r e  a r e  a  s m a l l  num ber o f  r e v e r s e d  f a u l t s .  These  have  

th re e  s e p a r a t e  t r e n d s  a n d ,  a g a i n ,  movement i s  c o n c e n t r a t e d  

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

The g e n e r a l  s t r a t a  d i p  i n  t h e  a r e a  i s  to w a rd s  t h e  s o u t h 

w es t.  I n  m aking  a  c o m p a r is o n  b e tw e e n  t h e  t h r e e  seam s i t  

may be n o t e d  t h a t  s t r a t a  d i p s  a r e  m o s t  v a r i a b l e  i n  t h e  Nine 

P ee t Seam, w here t h e y  may r e a c h  1 i n  1 ( 4 5 ° ) »  i n d e e d ,  o v e r 

tu rn e d  b e d s  h av e  b een  n o te d  a t  t h i s  h o r i z o n .  The many an d  

som etim es r a p i d  c h a n g e s  i n  d i p  a r e  o b s e r v e d  i n  c o n j u n c t i o n  

w ith  t h e  o b s e r v a t i o n  t h a t  n o rm a l  f a u l t i n g  and  o v e r t h r u s t i n g  

i s  more p r e v a l e n t  a t  t h i s  l o w e s t  o f  t h e  t h r e e  c h o s e n  seam 

d a t a .  At t h e  Red V ein  h o r i z o n  some f l e x u r i n g  o f  th e  

s t r a t a  c a n  be s e e n  i n  th e  v i c i n i t y  o f  o v e r t h r u s t s ,  b u t  

changes  i n  s t r a t a  d i p  t e n d  t o  t a k e  p l a c e  g r a d u a l l y .

C h a n g e s  i n  s t r a t a  d i p  a r e  e v e n  l e s s  s e v e r e  i n  t h e  N o . 2  

R h o n d d a  S e a m  w h i c h  t e n d s  t o  b e  f o l d e d  i n t o  o p e n ,  g e n t l e  

f o l d s .  T h e r e  a r e  o n e  o r  t w o  l o c a l  e x c e p t i o n s  n e a r  l a r g e  

f a u l t s ,  b u t  s u c h  e x c e p t i o n s  a r e  r a r e .

3 , 2 . ?  D e t a i l s  O f  T h e  S t r u c t u r e s  T o  T h e  W e s t  O f  T h e  N a n t  M a r l  P a u l t

A n o t i c e a b l e  f e a t u r e  w h i c h  e m e r g e s  f r o m  t h e  a b o v e  S e c t i o n

3 . 2 . 1  i s  t h a t  t h e  d e t a i l s  o f  f a u l t i n g  a n d  f o l d i n g  w i t h i n  

t h e  a r e a  o f  s t u d y  a r e  n o t  o n l y  d i f f e r e n t  a t  t h e  t h r e e

1 2 0 .



s t r a t i g r a p h i e  h o r i z o n s ,  b u t  t h e r e  a r e  many d i f f e r e n c e s  i n  

t h e  s t r u c t u r a l  p a t t e r n  on  e i t h e r  s i d e  o f  t h e  N an t M arl 

F a u l t .  The f a c t  t h a t  t h e  s t r u c t u r a l  p a t t e r n  v a r i e s  a s  i t  

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

e v o l u t i o n  o f  t h i s  a r e a  an d  i s  d i s c u s s e d  l a t e r  i n  t h i s  t h e s i s .  

T h is  s e c t i o n  a lo n g  w i t h  t h e  two f o l l o w i n g  s e c t i o n s  d e s c r i b e s  

t h e  s t r u c t u r a l  p a t t e r n  on e i t h e r  s i d e  o f  t h e  N an t  M arl  P a u l t ,  

a n d  co m p ares  t h e  d i f f e r e n c e s .  T h e re  a r e  many s i m i l a r i t i e s ,  

a s  m ig h t  be e x p e c t e d  c o n s i d e r i n g  t h e  s i m i l a r  s e d im e n t a r y  

a n d  t e c t o n i c  h i s t o r i e s  o f  tw o a r e a s  w h ic h  a r e  j u x t a p o s e d .

The d i f f e r e n c e s  w h ic h  a r e  h i g h l i g h t e d  m u s t  r e l a t e  t o  l o c a l  

d i f f e r e n c e s  w h ich  w ere  p r e s e n t  d u r i n g  t h e  A rm o r ic a n  o r o g e n y .

On t h e  w e s t  s i d e  o f  t h e . N a n t  M arl  P a u l t  t h e  s t r u c t u r e s  

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

Red V ein  (M idd le  C o a l  M e a s u re s )  and  t h e  N o .2 Rhondda Seam 

(U pper C oa l M e a s u r e s ) .

The Red V e in  h a s  b e e n  e x t e n s i v e l y  w orked  f ro m  i t s  o u t c r o p  

s o u th w a r d s ,  m a in ly  by d r i f t  m in e s .  The w o rk in g s  h ave  

c e a s e d  by t h e  g r i d  l i n e  SN 2 7 7 0 0 0 N . , w h e re  t h e  seam d e t e r i o 

r a t e s  and  becom es to o  d i r t y  t o  p r o v id e  a n  eco n o m ic  p r o d u c t .  

The seam  i s  much a f f e c t e d  by t h e  m o s t  common f a u l t s  a l r e a d y  

d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  l a r g e  n o rm a l  f a u l t s  

w h ic h  g e n e r a l l y  t r e n d  j u s t  w e s t  o f  n o r t h  t o  s o u t h .

D e p a r t u r e s  f ro m  t h i s  t r e n d  a r e  p r e s e n t :  t h e  N ant M arl P a u l t  

i t s e l f  sw in g s  more e a s t e r l y  a s  i t  i s  f o l l o w e d  s o u th w a rd s  

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

s w in g in g  n o r t h - s o u t h  a g a i n  ( s e e  P i g .  3 . 1 0 ) .
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Plan Of The Nant Marl Fault In The 
Nine Feet Seam To I l lu s t r a t e  The 
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I h e s e  l a r g e  n o rm a l  f a u l t s  g e n e r a l l y  d o w n th ro w  t o  t h e  w e s t  

toy u p  t o  80m, a l t h o u g h  t h e  t h r o w  a l o n g  th em  t e n d s  t o  v a r y  

c o n s i d e r a b l y .  The th r o w  o f  m o s t  o f  t h e s e  f a u l t s  r e d u c e s  

a w ay  f ro m  t h e  b o u n d in g  Tawe V a l l e y  an d  V ale  o f  N e a th  

D i s t u r b a n c e s  an d  o n ly  a  s m a l l  num b er  p e r s i s t  a c r o s s  t h e  

a r e a  o f  s t u d y .

H o r s e - t a i l i n g  an d  s p l i n t e r i n g  a r e  common f e a t u r e s  a s s o c i a t e d  

w i t h  t h e s e  l a r g e r  f a u l t s ,  t h e  f o r m e r  b e i n g  t h e  m eans by  

w h ic h  many o f  t h e  f a u l t s  d i e  o u t  i n  a  num ber  o f  s m a l l e r  

f a u l t s ,  e a c h  w i t h  a  r e d u c i n g  th r o w  ( s e e  P i g . 3 . 1 1 j .  

S p l i n t e r i n g  f ro m  t h e s e  l a r g e  f a u l t s  i s  a l s o  common, t h e  

b e s t  e x a m p le  b e i n g  o f f  t h e  N a n t  M a rl  P a u l t ,  w h e re  a  s e r i e s  

o f  n o rm a l  f a u l t s  a f f e c t e d  t h e  e a s t e r n  e x t r e m i t y  o f  t h e  Red 

V e in  w o r k in g s  a t  T r e f o r g a n  C o l l i e r y .  S u ch  s p l i n t e r  f a u l t s  

r a r e l y  e x c e e d  3m i n  th ro w  a n d  a r e  p r e s e n t  o n l y  on  t h e  down

t h r o w  s i d e  o f  t h e  N an t  M a r l  P a u l t  ( s e e  P i g . 3 . 2 2 ; .

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

s o u t h  a r e  a l s o  common. T h e s e  f a u l t s  may dow nth row  t o  t h e  

w e s t  o r  e a s t  and  t h e  m a j o r i t y  h a v e  a t h r o w  o f  l e s s  t h a n  3m.

The m o s t  common f a u l t i n g  l e f t  t o  be  d e s c r i b e d  a r e  a  s e r i e s  

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

t h e  Red V e in  w o r k in g s  a t  T r e f o r g a n .  T h e se  f a u l t s  h a v e  a  

t h r o w  o f  l e s s  t h a n  2^m a n d  a lw a y s  th r o w  down t o w a r d s  t h e  

s o u t h  ( s e e  P i g . 3 . 6 ; .  At t h e  c o l l i e r y  t h e y  h a v e  a lw a y s  

b e e n  r e f e r r e d  t o  a s  ' c l a y  j o i n t s ' ,  b e c a u s e  t h e i r  t h r o w  i s  

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

l a r g e ,  b e i n g  o f  t h e  o r d e r  o f  0 .2 0 m . The f a u l t  g o u g e  i s  

u s u a l l y  p l a i n l y  v i s i b l e  a n d  i s  a l m o s t  e n t i r e l y  made u p  o f
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c l a y  m a t e r i a l  w h ic h  r e p r e s e n t s  g r o u n d - u p  m u d s t o n e , c o a l  

a n d  s e a t e a r t h .  To a  c a s u a l  g l a n c e  t h e s e  s m a l l  f a u l t s  

c e r t a i n l y  r e s e m b l e  c l a y  f i l l e d  j o i n t s .  The t r e n d  o f  t h e s e  

s m a l l  f a u l t s  i s  i n t e r e s t i n g  b e c a u s e  i t  i s  t h e  same a s  t h a t  

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

t o  t h e  t r e n d  o f  o t h e r  n o rm a l  f a u l t s  i n  t h e  a r e a .  A l th o u g h  

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

t h e  c o m p r e s s i v e  n a t u r e  o f  o v e r t h r u s t i n g  i t  seem s  a s  i f  t h e y  

a r e  t h e  e x p r e s s i o n  o f  d e e p e r  o v e r t h r u s t s  a f  t h e  Red V e in  

h o r i z o n  on  t h i s  w e s t e r n  s i d e  o f  t h e  N a n t  M a r l  F a u l t .

The c o n t o u r s  on  t h i s  w e s t  s± d e  o f  t h e .  N a n t  M a r l  P a u l t  a r e  

f a i r l y  r e g u l a r ;  t h e  a v e r a g e  d i p  i s  a r o u n d  1 i n  1 0 ,  b e i n g  

s l i g h t l y  s t e e p e r  i n  t h e  n o r t h ,  n e a r  t h e  Tawe V a l l e y  

D i s t u r b a n c e  w h e re  t h e  d i p  i s  t o  t h e  s o u t h ;  a n d  l e s s e n s  

f u r t h e r  s o u t h  w h ere  t h e  d i r e c t i o n  o f  d i p  s w i n g s  t o  t h e  s o u t h 

w e s t  u n d e r  t h e  i n f l u e n c e  o f  t h e  V a le  o f  N e a t h  D i s t u r b a n c e .

At t h e  h i g h e r  No .2 R hondda  Seam h o r i z o n  t h e  m a in  s t r u c t u r a l  

f e a t u r e s  o f  t h e  a r e a  w e s t  o f  t h e  N a n t  M a r l  F a u l t  a r e  n o rm a l  

f a u l t s  an d  two m a in  t r e n d s  a r e  p r e s e n t .  The d o m in a n t  

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

t h e s e  h i g h e r  m e a s u r e s  a n d  c o n t i n u e s  u p w a r d s  t h r o u g h  t h e  

t h i c k  s a n d s t o n e s  t o  t h e  s u r f a c e .  S e v e r a l  o f  t h e  n o rm a l  

f a u l t s  w i t h  t h i s  t r e n d  r u n  s o u t h w a r d s  f ro m  t h e  Tawe V a l l e y  

D i s t u r b a n c e  f o r  n e a r l y  3km. b e f o r e  d y in g  o u t ,  u s u a l l y  by 

h o r s e - t a i l i n g  i n  a  f a s h i o n  s i m i l a r  t o  t h a t  s e e n  i n  t h e  Red 

V e in  ( p i g . 3 . 1 0 ) .  Many o f  t h e  s m a l l  (u p  t o  3m th ro w )  n o rm a l  

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

o f  t h e  r e m a i n i n g  n o rm a l  f a u l t s  s t r i k e  c l o s e  t o  e a s t - w e s t .
123 .



T h i s  i s  a n  i m p o r t a n t  f a u l t  s e t  i n  t h e  N o .2 R h o n d d a ,  

i t  i s  a b s e n t  i n  t h e  Red V e i n ,  b u t  p r e s e n t  i n  t h e  N in e  F e e t  

Seam . T h e se  f a u l t s  h a v e  a  th ro w ,  o f  u p  t o  21m i h  t h e  No. 2  

R hondda  . 'Seam, t h o u g h  t h e  m a j o r i t y  h a v e  a  th ro w  o f  l e s s  t h a n  5m,

The c o n j u g a t e  f a u l t  s e t  i s  v i r t u a l l y  a b s e n t  a t  t h i s  h o r i z o n  

o n  t h e  w e s t e r n  s i d e  o f  t h e  N a n t  M a r l  F a u l t ,  t h e r e  b e i n g  

o n l y  i s o l a t e d  f a u l t s  w i t h  a  t h r o w  o f  l e s s  t h a n  1 0 m.

The two d i r e c t i o n s  o f  r e v e r s e d  f a u l t s  a r e  n o r t h - s o u t h  a n d  

w e s t - n o r t h - w e s t  t o  e a s t - s o u t h - e a s t ,  t h e  l a t t e r  b e i n g  

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

a r e a .  R e v e r s e d  f a u l t s  e n c o u n t e r e d  t o  d a t e  h a v e  th r o w s

v a r y i n g  b e tw e e n  Im a n d  6m, t h o s e  t h a t  h a v e  b e e n  e n c o u n t e r e d

r e c e n t l y  an d  b e e n  w e l l  d o c u m e n te d  h a v e  o c c u r r e d  i n  a r e a s  

w h ere  t h e r e  i s  an  u n u s u a l l y  t h i c k  r e m n a n t  m u d s to n e  

s e p a r a t i n g  t h e  N o .2 Rhondd.a Seam f ro m  t h e  o v e r l y i n g  s a n d 

s t o n e .

S t r u c t u r e s  i n  t h e  l o w e r ,  l e s s  c o m p e te n t  m e a s u r e s  on  t h e  

w e s t  s i d e  o f  t h e  N a n t  M a r l  F a u l t  h a v e  a  s i m i l a r  p a t t e r n  t o  

t h e  h i g h e r  m e a s u r e s , a l t h o u g h  t h e r e  i s  a  g r e a t e r  d e g r e e  o f  

f a u l t i n g .

The m a jo r  m in in g  p r o j e c t  a t  T r e f o r g a n  was a n  e a s t w a r d  

d e v e lo p m e n t  a c r o s s  t h e  N a n t  M a r l  F a u l t ,  so  t h a t  a l l  t h e

s u r f a c e  b o r e h o l e s  d r i l l e d  i n  t h e  a r e a  w ere  c o n c e n t r a t e d  on

t h e  e a s t  s i d e  o f  t h e  f a u l t ,  d e t a i l e d  i n f o r m a t i o n  f o r  t h e  

w e s t  s i d e  o f  t h e  f a u l t  i s  t h e r e f o r e  n o t  o f  t h e  a u a l i t y  o f  

t h e  e a s t  s i d e .  The U p p e r  N in e  F e e t  Seam , t h e  Low er N ine 

F e e t  Seam a n d  t h e  B u te  Seam , a s  w e l l  a s  p a r t s  o f  t h e  S i x
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F e e t  Group o f  Seams h a v e  a l l  b e e n  w o rk ed  t o  some d e g r e e  

f ro m  C efn  Coed C o l l i e r y  i n  t h e  s o u t h  o f  t h e  a r e a  a n d  f ro m  

G urnos  Diam ond C o l l i e r y  i n  t h e  n o r t h .  T h u s ,  a l t h o u g h  t h e r e  

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

m ain  e l e m e n t s  o f  t h e  s t r u c t u r e  c a n  be g l e a n e d  f ro m  t h e  

r e c o r d s  o f  t h e  o l d  w o r k in g s  a t  t h e  a b o v e  m e n t io n e d  c o l l i e r i e s

A v e ra g e  d i p s  i n  t h i s  b l o c k  a r e  1 i n  10  t o  t h e  s o u t h  o v e r  

much o f  t h i s  a r e a  s w i n g in g  t o  t h e  s o u t h - s o u t h - w e s t  i n  t h e  

s o u t h .  T h is  p a t t e r n  c l o s e l y  p a r a l l e l s  t h e  b r o a d  p a t t e r n  o f  

s t r a t a  d i p s  i n  t h e  Red V e in  an d  N o .2 R hondda S eam s. The 

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

c l o s e  t o  n o r t h - s o u t h .  The w o r k in g s  i n  t h e  l o w e r  m e a s u r e s  

h av e  o n ly  a  l i m i t e d  e a s t - w e s t  d e v e lo p m e n t  a n d  h a v e  n o t  

e n c o u n t e r e d  many o f  t h e s e  l a r g e  f a u l t s ,  h o w e v e r ,  t h e i r  

p r e s e n c e  c a n  be  p r e d i c t e d  k n o w in g  t h a t - f a u l t s  m a k in g  u p  t h i s  

s e t  t e n d  t o  be  p e r s i s t e n t  b o t h  l a t e r a l l y  an d  v e r t i c a l l y .

In  t h e  c e n t r e  o f  t h e  a r e a  o f  s t u d y ,  m id -w ay  b e tw e e n  t h e  Tawe 

V a l l e y  and  t h e  V ale  o f  N e a th  D i s t u r b a n c e s  t h e  m o s t  common 

s m a l l  s c a l e  f a u l t i n g  i s  n o r m a l ,  w i t h  o n l y  a  fe w  f a u l t s  

h a v i n g  a  t h r o w  g r e a t e r  t h a n  2m. M ost o f  t h e s e  s m a l l  n o r m a l  

f a u l t s  h av e  a  f a i r l y  s t r a i g h t  t r a c e  i n  t h e  seam s an d  s t r i k e  

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

w e s t  o r  s o u t h - w e s t .  T h e se  f a u l t s  a r e  much m ore  f r e q u e n t  

t h a n  i n  any  o f  t h e  u p p e r  m e a s u r e s ,  r a r e l y  w i l l  t h e r e  be 

m ere t h a n  200m b e tw e e n  f a u l t i n g  a n d  m ore t h a n  8 s e p a r a t e  

f a u l t s  may be p r e s e n t  w i t h i n  a  i^Om b a n d  o f  g r o u n d  ( s e e  

A p p e n d ix  I I  ) .
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Few o v e r t h r u s t s have b een  p ro v e d  i n  t h e  c e n t r a l  p a r t  o f  

t h i s  a r e a  a ro u n d  C efn  Coed C o l l i e r y  and th o s e  t h a t  have 

been e n c o u n te r e d  have a  s in u o u s  t r a c e  g e n e r a l l y  t r e n d i n g  

e a s t -w e s t  o r  n o r th - w e s t  t o  s o u t h - e a s t .  The fo rm e r  a r e  

g e n e r a l ly  t h e  s m a l l e r  o v e r t h r u s t s  h a v in g  a  th ro w  o f  up  t o  

5m, w h ile  th e  l a t t e r  d i s p l a y  th ro w s  e s t i m a t e d  t o  be up  to  

15m, The m a j o r i t y  o f  o v e r t h r u s t s  d ip  t o  t h e  s o u th  so  t h a t  

the movement i s  n o r th w a rd s ;  h o w ev er ,  o c c a s i o n a l  o v e r t h r u s t s  

can be fo u n d  i n  b o th  s e t s  w h ich  d ip  to w a rd s  t h e  n o r t h .

Moving n o r th w a rd s  to w a rd s  t h e  Tawe V a l le y  D is tu r b a n c e  and 

the m a rg in  o f  t h i s  s t r u c t u r a l  b lo c k  t h e  f r e q u e n c y  o f  s m a l l  

s c a le  norm al f a u l t s  d e c r e a s e s  w h i le  o v e r t h r u s t s  become more 

common. T h is  does  n o t  r e p r e s e n t  a  s im p le  p a s s a g e  f rom  a 

t e n s i o n a l  s t r u c t u r a l  re g im e  t o  a c o m p r e s s io n a l  one b e c a u se  

la rg e  n o rm a l f a u l t s  a r e  m ost p r e v a l e n t - i n  t h e  v i c i n i t y  o f  

the Tawe V a l le y  D is tu r b a n c e  and  d i e  o u t  to w a rd s  t h e  c e n t r e  

of th e  s t r u c t u r a l  b lo c k  g e n e r a l l y  w i t h i n  4km. o f  t h e  Tawe 

V alley  D i s tu r b a n c e .  W orkings w hich  have o c c u r r e d  a lo n g  

the Tawe V a l le y  a r e  p a tc h y  and  i r r e g u l a r  and  a r e  i n t e r r u p t e d  

by many d i s t u r b a n c e s .  Though many o f  th e  d i s t u r b a n c e s  a r e  

no t p r o p e r l y  docum ented , a  s tu d y  o f  t h e s e  o ld  w o rk in g s  shows 

t h a t  t h e  m a j o r i t y  would a p p e a r  t o  be o v e r t h r u s t s  d ip p in g  t o  

the s o u th - w e s t  and h a v in g  a  s in u o u s  t r a c e  a v e r a g in g  n o r t h 

west to  s o u t h - e a s t ,  i . e .  f o l l o w i n g  th e  r e g i o n a l  t r e n d .

3,2.3 D e t a i l s  Of The S t r u c t u r e s  To The E a s t  Of The N snt M arl P ^ u l t

There a r e  many s i m i l a r i t i e s  i n  t h e  m ain s t r u c t u r a l  e le m e n ts  

between th e  two b lo c k s  l y i n g  on e i t h e r  s i d e  o f  th e  N ant 

Marl F a u l t .  Such s i m i l a r i t i e s  a r e  o n ly  t o  be e x p e c te d  s in c e
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t h e  two b l o c k s  h a v e  b e e n  s u b j e c t  t o  t h e  same o r o g e n i c  

p r e s s u r e s ,  w h ic h  h a v e  a c t e d  o n  two b r o a d l y  s i m i l a r  p i l e s  o f  

s e d i m e n t .  H ow ever ,  t h e r e  a r e  some s i g n i f i c a n t  d i f f e r e n c e s  

w h ic h  m u s t  r e f l e c t  d i f f e r e n c e s  i n  t h e  t e c t o n i c  f o r c e s  w h ic h  

w ere  p r e s e n t  d u r i n g  t h e  A r m o r ic a n  O ro g e n y ,  o r  d i f f e r e n c e s  

i n  t h e  m a t e r i a l  ( t h e  s e d i m e n t a r y  p i l e )  u p o n  w h ic h  t h o s e  

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

From t h e  N a n t  M a rl  F a u l t  e a s t w a r d s  t h e  Red V e in  h a s  b e e n  

w o rk ed  f ro m  t h e  o u t c r o p  p r i n c i p a l l y  by d r i f t  e n t r i e s  a n d  by 

m eans o f  some s m a l l  o p e n c a s t  s i t e s .  B e in g  a p p r o x i m a t e l y  Im 

i n  t h i c k n e s s  one w o u ld  e x p e c t  a n y  m in in g  o p e r a t i o n  i n  t h i s  

seam , h o w e v e r  f l e x i b l e ,  t o  be a d v e r s e l y  a f f e c t e d  by e v e n  

r e l a t i v e l y  s m a l l  f a u l t s .  I t  i s  n o t  u n r e a s o n a b l e ,  t h e r e f o r e ,  

t o  p resu m e  t h a t  t h e  o l d  r e c o r d s  o f  t h e s e  w o r k in g s  w i l l  show  

v i r t u a l l y  e v e r y  f a u l t  e n c o u n t e r e d  i n  t h e  se a m .

Two l a r g e  s e t s  o f  s t r u c t u r e s  a f f e c t  t h i s  a r e a :  t h e  f i r s t  a r e  

t h e  l a r g e  n o r m a l  f a u l t s  f o l l o w i n g  t h e  r e g i o n a l  t r e n d  j u s t  t o  

t h e  w e s t  o f  n o r t h - s o u t h ;  t h e y  h a v e  a  s l i g h t l y  s i n u o u s  t r a c e  

a t  t h i s  seam  d a tu m .  The th r o w  o f  t h e s e  f a u l t s  may be a s  

l a r g e  a s  lyOm ( t h e  G ly n c o r rw g  F a u l t ) ,  a n d  by f a r  t h e  m a j o r i t y  

o f  t h e s e  f a u l t s  t h r o w  down t o  t h e  w e s t .  T h e se  f a u l t s  a r e  

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

t h a n  3km. a n d  s o m e t im e s  f o r  m ore t h a n  1 0 k m . , t h e y  may be 

p r e s e n t  e i t h e r  a s  a  f a i r l y  s im p l e  b r e a k ,  o r  a s  a  s e r i e s  o f  

e n  e c h e l o n  f a u l t s .

P a r a l l e l  t o  t h e s e  m a in  f a u l t s ,  a r e  t h e  s m a l l e r  n o rm a l  f a u l t s  

w i t h  th ro w s  v a r y i n g  f ro m  0 .5m  u p  t o  11m. T h e se  f a u l t s  may 

dovm throw  t o  t h e  e a s t  o r  t h e  w e s t  an d  t h e i r  l a t e r a l  e x t e n t
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v a r i e s  f ro m  2 00m t o  2km. As a  g e n e r a l  r u l e  t h e  f a u l t s  w i t h  

t h e  l a r g e r  t h r o w s  h a v e  t h e  l o n g e r  l a t e r a l  e x t e n s i o n ,  b u t  

t h e r e  a r e  e x c e p t i o n s ,  n o t a b l y  a t  t h e  s o u t h  e n d  o f  t h e  

H e n l l a n  C o l l i e r y  w o r k in g s  (SN 2792 06) w h e re  a n  11m n o r m a l  

f a u l t  h a s  a  l a t e r a l  e x t e n t  o f  o n l y  150m.

Members o f  t h e  c o n j u g a t e  f a u l t  s e t  a r e  r a r e ,  t h e r e  b e i n g  a  

few  s m a l l  n o r t h - w e s t e r l y  t r e n d i n g  f a u l t s  a t  t h e  s o u t h e r n  

en d  o f  t h e  D i l l w y n  w o r k in g s  a t  SN 282 277  a n d  one l a r g e  

(15m) n o r t h - e a s t e r l y  t r e n d i n g  f a u l t  w h ic h  i s  f i r s t  s e e n  a s  

a  s e r i e s  o f  s m a l l  n o r m a l  f a u l t s  i n  t h e  H e n l l a n  w o r k in g s  

(SN 2 7 9 2 0 7 ) a n d  w h ic h  g ro w s  i n  s i z e  t o w a r d s  t h e  n o r t h - e a s t  

w here  i t s  p r e s e n c e  i s  i n f e r r e d  f ro m  d i f f e r e n c e s  i n  l e v e l s  

o f  two o p e n c a s t  c o a l  s i t e s .

L a rg e  o v e r t h r u s t s  a r e  p r e s e n t  a n d  g e n e r a l l y  h a v e  a  s i n u o u s  

t r a c e  i n  t h e  seam  a n d  t r e n d  t o  t h e  n o r t h - w e s t .  O n ly  one 

d i p s  to w a r d s  t h e  n o r t h  so  t h a t  g r o u n d  f ro m  t h e  n o r t h  i s  

o v e r t h r u s t  o v e r  s o u t h ;  t h a t  o v e r  t h r u s t  h a s  a  maximum th r o w  

o f  24m and  was e n c o u n t e r e d  i n  t h e  D i l l w y n  w o r k in g s  a t  

SN 2 8 1 2 0 5 .  The r e m a i n i n g  o v e r t h r u s t s  a r e  a l l  s o u t h  o v e r  

n o r t h ;  t h e  am o u n t  o f  t h r o w  on  a n y  one o v e r t h r u s t  v a r i e s  

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

s t a n t i a l l y  a s  t h e  Y a le  o f  N e a th  D i s t u r b a n c e  i s  a p p r o a c h e d  

( s e e  P i g . 3 . 6 / .

W i th in  t h i s  p a r t  o f  t h e  s e q u e n c e  t h e  d i s t o r t i o n  c r e a t e d  by 

t h e s e  d i s t u r b a n c e s  i s  r e l a t i v e l y  s m a l l ' ,  t h e y  t e n d  t o  be 

d i s c r e t e  b r e a k s  a p p r o a c h i n g  s i n g l e  p l a n e  s t r u c t u r e s .  The 

g ro u n d  t e n d s  t o  f l e x  o v e r  t h e  o v e r t h r u s t  p r o d u c i n g  a  c l e a n  

b r e a k  s u c h  t h a t  m in in g  h a s  c o n t i n u e d  a b o v e  a n d  b e lo w  th e
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p l a n e  o f  t h e  o v e r t h r u s t  t o  t h e  p o i n t  w h e re  t h e  c o a l  h a s  

b e e n  c u t  o u t  ( s e e  P i g . 3 .1 2 > .  T h i s  c l e a r l y  i n d i c a t e s  t h a t  

a t  t h i s  h o r i z o n  a l l  t h e  m ovem ent h a s  b e e n  c o n c e n t r a t e d  i n t o  

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

t h e  m e a s u r e s  i s  n e g l i g i b l e .

I t  h a s  a l r e a d y  b e e n  n o t e d  t h a t  o v e r t h r u s t i n g  t e n d s  t o  d i e  

o u t  a s  t h e  s t r u c t u r e s  p r o g r e s s  u p w a rd s  t h r o u g h  t h e  m e a s u r e s .  

I n  t h e  M a e s t e g - P o n t y p r i d d  a r e a  W oodland  a n d  E v a n s  o b s e r v e d  

t h a t  o v e r t h r u s t i n g  h a d  i n v a r i a b l y  d i e d  o u t  b e lo w  t h e  

P e n t r e  Seam ( s e e  P i g . 3 . 4 ) , w h ic h  i s  some 50m b e lo w  t h e  Red 

V e in .  O v e r t h r u s t i n g  t e n d s  t o  a f f e c t  h i g h e r  m e a s u r e s  on  

t h e  N o r th  C ro p  a n d  o v e r t h r u s t s  h a v e  b e e n  o b s e r v e d  i n  t h e  

Red V e in  i n  t h e  w o r k in g s  o f  many c o l l i e r i e s .  H ow ever ,

s u c h  o v e r t h r u s t s  t e n d  t o  be r e l a t i v e l y  s m a l l ,  g e n e r a l l y

h a v i n g  a  t h r o w  o f  l e s s  t h a n  15m. The maximum d i s p l a c e m e n t

o f  a n  o v e r t h r u s t  w i t h i n  t h e  a r e a  o f  s t u d y  i s  45m, w h ic h  i s

t h e  maximum th r o w  o n  t h e  B r y n te g  O v e r t h r u s t  ( s e e  P i g . 3 . 1 2 ) .  

The Red V e in  h a s  b e e n  e x t e n s i v e l y  w o rk e d  a c r o s s  t h e  

*a n t h r a c i t e  c o a l f i e l d *  b u t  n o w h e re  a r e  o v e r t h r u s t s  o f  t h i s  

d im e n s io n  known t h i s  h i g h  i n  t h e  m e a s u r e s .  The u n i q u e  

o c c u r r e n c e  o f  t h i s  s t r u c t u r a l  f e a t u r e  i s  c o n s i d e r e d  t o  be 

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

d i s c u s s e d  l a t e r  i n  t h i s  t h e s i s .

The d i r e c t i o n  a n d  am o u n t o f  d i p  v a r i e s  c o n s i d e r a b l y  a c r o s s  

t h i s  a r e a ;  b r o a d l y  t h e  s t r i k e  l i n e s  f o r m  a n  o p e n  *S* s h a p e  

when v ie w e d  a c r o s s  t h e  w h o le  s t r u c t u r a l  b l o c k  f ro m  t h e  

Tawe V a l l e y  t o  t h e  V a le  o f  N e a th  D i s t u r b a n c e s .  I m m e d ia t e ly  

t o  t h e  e a s t  o f  t h e  N a n t  M arl  P a u l t  t h e  d i r e c t i o n  o f  s t r i k e
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i s  e a s t - w e s t ,  t h i s  s w in g s  t o  n o r t h - s o u t h  a s  t h e  V a le  o f  

N e a th  D i s t u r b a n c e  i s  a p p r o a c h e d .  S u p e r im p o s e d  u p o n  t h i s  

p a t t e r n  a r e  some b r o a d  f o l d s  w h ic h  h a v e  t h e  p r i n c i p a l  

n o rm a l  f a u l t s  a s  t h e i r  a x e s ,  t h e  f o l d  a x e s ,  t h e r e f o r e ,  h a v e  

a t r e n d  w h ic h  i s  c l o s e  t o  r i g h t  a n g l e s  t o  t h e  c a l e d o n o i d  

s t r u c t u r e s .  L o c a l  v a r i a t i o n s  o f  s t r i k e  a r e  a l s o  common 

a ro u n d  l a r g e  s t r u c t u r e s ,  e s p e c i a l l y  i n  t h e  v i c i n i t y  o f  

o v e r t h r u s t s .

N ot o n l y  t h e  d i r e c t i o n ,  b u t  t h e  am o u n t  o f  d i p  a l s o  v a r i e s  

a c r o s s  t h e  a r e a ,  i n  a r e a s  aw ay f ro m  d i s t u r b a n c e s  t h e  d i p  i s

g e n t l e ,  v a r y i n g  f ro m  1 i n  8 t o  1 i n  1 1 .  As t h e  V a le  o f

N e a th  D i s t u r b a n c e  i s  a p p r o a c h e d  t h e  am o u n t o f  o v e r t h r u s t i n g  

i n c r e a s e s  a n d  so  d o e s  t h e  d i p  o f  t h e  s t r a t a ,  a p p r o a c h i n g  

1 i n  4 . 5 .  V / h i l s t  t h e s e  a r e  a v e r a g e  f i g u r e s  t h e y  i n c r e a s e  

l o c a l l y  n e a r  d i s t u r b a n c e s  w h ere  t h e  d i p s  m ig h t  be  a s  s t e e p

as 1 i n  3 f o r  s h o r t  d i s t a n c e s  c l o s e  t o  o v e r t h r u s t s .  The

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

r e f e r r e d  t o  a b o v e ,  w h e re  d i p s  o f  1 i n  24 may p e r s i s t  f o r  u p  

1o ?km.

I r o c e e d i n g  u p w a rd s  t h r o u g h  t h e  s e o u e n c e  t o  t h e  s e c o n d  d a tum  

In t h e  u p p e r  m e a s u r e s ,  t h e  N o .2 R hondda  Seam, one f i n d s  a  

b road  d e g r e e  o f  s i m i l a r i t y  i n  t h e  p a t t e r n  o f  n o rm a l  f a u l t i n g  

and t h e  s t r i k e  o f  t h e  b e d s .  The p r e d o m in a n t  p a t t e r n  o f  

ro rm a l  f a u l t s  t r e n d i n g  j u s t  w e s t  o f  n o r t h  a n d  g e n e r a l l y  

(b w n th ro w in g  to  t h e  w e s t  c a n  be r e a d i l y  i d e n t i f i e d  a t  t h i s  

h o r i z o n .  The l o n g e r ,  nam ed f a u l t s  s u c h  a s  t h e  N a n t  M a r l  a n d  

I v l l a u  Bach c a n  be  f o u n d  i n  t h i s  s e a m , a l t h o u g h  some e n  

e c h e lo n  r e - p l a c e m e n t  o c c u r s  b o t h  l a t e r a l l y  a n d  v e r t i c a l l y .
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Red Vein Workings At B r v n te a  C oll iery  To 
I l l u s t r a t e  Fold A x e s  
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S m a l l e r  s y m p a t h e t i c  f a u l t s  p a r a l l e l  t o  t h i s  p r i n c i p a l  t r e n d  

a r e  f a i r l y  common w i t h  a  s m a l l  n u m b e r  o f  f a u l t s  b e l o n g i n g  

to  t h e  s e c o n d a r y  c o n j u g a t e  s e t .

The d i p  i s  g e n e r a l l y  p a r a l l e l  t o  t h a t  f o u n d  i n  t h e  Red V e in  

some ?50m b e lo w .  H o w ev er ,  w h i l s t  t h e  b r o a d  sw eep  f ro m  a n  

e a s t - w e s t  t o  n o r t h - s o u t h  s t r i k e  i s  p r e s e n t ,  t h e r e  a r e  no 

f u r t h e r  s i m i l a r i t i e s  w i t h  t h e  Red V e in .  D ip s  i n  t h e  N o .2 

Rhondda a r e  g e n e r a l l y  m ore  c o n s i s t e n t  an d  g e n t l e  t h a n  a t  

t h e  lo w e r  d a tu m ,  a  p a t t e r n  one m ig h t  e x p e c t  g i v e n  t h e  more 

c o m p e te n t  n a t u r e  o f  t h e  b e d s .  T hus  t h e  d i p  g e n e r a l l y  r e m a i n s  

c l o s e  t o  1 i n  10  o r  1 i n  12 w i t h  m o s t  v a r i a t i o n s  b e i n g  

l o c a l i s e d  a n d  t h e  r e s u l t  o f  f a u l t i n g .  One r e a s o n  f o r  t h i s  

more c o n s i s t e n t  an d  g e n t l e  p a t t e r n  o f  s t r a t a  d i p s  i s  t h a t  

t h e  f r e q u e n c y  o f  o v e r t h r u s t s  i s  much lo w e r  a t  t h i s  h o r i z o n ,  

t h e y  r e s u l t  i n  many l o c a l i s e d  c h a n g e s  o f  s t r a t a  d i p s  i n  t h e  

lo w e r  m e a s u r e s .  A l s o ,  t h e  g e n t l e  f o l d s  a l o n g  t h e  n o r m a l  

f a u l t s  s e e n  i n  t h e  Red V e in  a r e  a b s e n t  i n  t h e  N o .2 R h o n d d a ,  

so  t h a t  t h e  d i r e c t i o n  o f  s t r i k e  i n  t h e s e  two b e d s  may be 

a t  r i g h t  a n g l e s  l o c a l l y  i n  t h e  v i c i n i t y  o f  s u c h  f o l d s  ( s e e  

P i g . 3 . 1 4 ) .

O v e r t h r u s t i n g  i s  a l m o s t  a b s e n t  f ro m  t h e  N o .2 R hondda Seam 

e a s t  o f  t h e  N a n t  M arl  P a u l t  a  s m a l l  num ber o f  r e v e r s e d  

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

n o r t h - e a s t e r l y  d i r e c t i o n  was e n c o u n t e r e d  i n  t h e  o l d  C r y n a n t  

w o r k in g s  a t  SN 2 8 0 2 0 4 ,  w i t h  a  th r o w  o f  18m; i t  i s  

s u r p r i s i n g  t h a t  s u c h  a  l a r g e  r e v e r s e d  f a u l t  i s  p r e s e n t  i n  

i s o l a t i o n .
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An Example Of The Variation In Dip Between  
The Red Vein And N°-2 Rhondda Seam.
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A n o t i c e a b l e  a n d  s i g n i f i c a n t  f a u l t  s e t  i n  t h e  N o .2 R hondda  

Seam t r e n d s  e a s t - w e s t .  F a u l t i n g  i n  t h i s  d i r e c t i o n  i s  common 

i n  t h i s  a r e a  w i t h i n  t h e  N o .2 R h o n d d a  Seam a n d  a s  n o t e d  i n  

t h e  p r e v i o u s  s e c t i o n ,  i s  t o t a l l y  a b s e n t  i n  t h e  Red V e in  

b e l o w .  Throw s v a r y  f r o m  Im t o  21m a n d  may v a r y  f a i r l y  

r a p i d l y  a l o n g  t h e  s t r i k e  o f  t h e  f a u l t .  On t h i s  e a s t e r n  s i d e  

o f  t h e  N a n t  M a r l  P a u l t  t h e  m a j o r i t y  o f  t h e s e  e a s t - w e s t  

f a u l t s  d o w n th ro w  t o  t h e  s o u t h ,  c e r t a i n l y  a l l  t h o s e  w i t h  a  

l a r g e  t h r o w  f a l l  i n t o  t h i s  c a t e g o r y .

The a g e  r e l a t i o n s h i p  b e tw e e n  t h e  tw o  s e t s  o f  n o r m a l  f a u l t s ,  

t h o s e  t r e n d i n g  a p p r o x i m a t e l y  n o r t h - s o u t h  a n d  t h o s e  t r e n d i n g  

a p p r o x i m a t e l y  e a s t - w e s t ,  i s  n o t  a  s i m p l e  o n e  w h e re b y  one

s e t  p r e - d a t e s  t h e  o t h e r .  A.t SN 2 8 2 2 0 3  ( s e e  A p p e n d ix  IV ) 

e a s t - w e s t  f a u l t  t e r m i n a t e s  a g a i n s t  o n e  n o r t h - s o u t h  f a u l t  

w h i l e  d i s p l a c i n g  a n o t h e r .  A t  SN 2 7 9 2 0 4  o n e  o f  t h e  n o r t h -  

s o u t h  e l e m e n t s  o f  t h e  N a n t  M a r l  F a u l t  t e r m i n a t e s  a g a i n s t  a n  

e a s t - w e s t  f a u l t .  C l e a r l y  one  h a s  e i t h e r  t o  p o s t u l a t e  s e v e r a l  

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

d e v e lo p m e n t  o f  n o r m a l  f a u l t s  f o l l o w i n g  t h e  tw o t r e n d s ,  w i t h  

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

p a t t e r n  a c r o s s  t h e  a r e a .

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

p a t t e r n  i n  b o t h  t h e  Red V e in  a n d  t h e  N o .2 R hondda  r e f l e c t i n g  

t h e  r e g i o n a l  p a t t e r n ;  i n  d e t a i l ,  t h e r e  a r e  some s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  s t r u c t u r e s  f o u n d  i n  b o t h  s e a m s .  T h i s  

w i l l  be d e v e l o p e d  l a t e r  i n  t h e  co m m en ts  o n  t h e  s t r u c t u r a l  

e v o l u t i o n  o f  t h i s  a r e a .

An e x a m i n a t i o n  o f  t h e  l o w e r  m e a s u r e s  ( s e e  P i g . 3 . 5 ; r e v e a l s
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t h a t  th e  o v e r a l l  s t r u c t u r a l  p a t t e r n  i s  a g a i n  b r o a d l y  

s i m i l s r  t o  t h e  o n e  d e s c r i b e d  f o r  t h e  Red V e in .  H ow ever ,  

t h e  d e g re e  o f  d e f o r m a t i o n  i s  much m ore i n t e n s e ,  w i t h  a  

h i g h e r  f r e q u e n c y  o f  d i s t u r b a n c e s  a n d  w i t h  a  g r e a t e r  d e g r e e  

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

o f  d i s t u r b a n c e s .

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

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

t u n n e l  s e c t i o n s  c o n t a i n e d  i n  t h e  a p p e n d i x .  T h o se  l e n g t h s  

o f  ro a d w a y  d r i v e n  t h r o u g h  t h e  u p p e r  m e a s u r e s  c o n t a i n  

r e l a t i v e l y  fe w  f a u l t s  a n d  s t r a t a  d i p s  a r e  f a i r l y  r e g u l a r .

I n  c o n t r a s t  t h e  am o u n t o f  s t r u c t u r a l  d e f o r m a t i o n  i n c r e a s e s  

n o t a b l y  f ro m  t h e  U p p e r  Two F e e t  N in e  Seam dow nw ards t h r o u g h  

t h e  m e a s u r e s .  The f r e q u e n c y  o f  f a u l t s  i n c r e a s e s  a n d  t h e  

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

f o l d s  become common a n d  s t r a t a  d i p s  v a r y  o v e r  s h o r t  

d i s t a n c e s .  The c o n t r a s t i n g  s t r u c t u r a l  p a t t e r n s  a r e  v i v i d l y  

i l l u s t r a t e d  i n  t h e s e  t u n n e l  s e c t i o n s ,  b u t  w e re  a l s o  e v i d e n t  

d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  d r i v a g e s .  The l o w e r  m e a s u r e s  

s t i l l  c o n t a i n  r e m n a n t  o r o g e n i c  p r e s s u r e s  so  t h a t  t h e  r o a d 

w ays a t  t h i s  l e v e l  a r e  s u b j e c t  t o  i n t e n s e  s q u e e z e  a s  s o o n  

a s  t h e y  a r e  d r i v e n ,  r e s u l t i n g  i n  m a j o r  e n g i n e e r i n g  p r o b l e m s .  

T h i s  f e a t u r e  i s  a b s e n t  f ro m  t h e  u p p e r  m e a s u r e s  w h e re  r o a d 

w ays a r e  s t a b l e  a f t e r  c o n s t r u c t i o n . '

The n o r t h  t o  s l i g h t l y  w e s t  o f  n o r t h  t r e n d i n g  s e t  o f  r e g i o n a l  

f a u l t s  a r e  a g a i n  co rn m o n -o lace  a t  t h i s  h o r i z o n  e a s t  o f  t h e  

N a n t  M a r l  F a u l t .  Some o f  t h e  f a u l t s  w i t h i n  t h i s  s e t  h a v e  

a  r e l a t i v e l y  s m a l l  t h r o w  o f  12m o r  l e s s ,  t h o u g h  may s t i l l
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be p e r s i s t e n t  f o r  4-km. o r  5km. The f a u l t s  c o m p r i s i n g  t h i s  

s e t  a r e  more n u m e ro u s  t h a n  i n  t h e  u p p e r  m e a s u r e s , t h e r e  

b e in g  many f a u l t s  i n  a d d i t i o n  t o  t h e  l a r g e  n o r m a l  f a u l t s  

o b s e r v e d  i n  t h e  u p p e r  m e a s u r e s  w h ic h  make u p  t h i s  f a u l t  

s e t ,  a l l  o f  w h ic h  a r e  p r e s e n t  i n  t h e  N in e  F e e t  Seam . I n  

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

i n  t h e  N in e  F e e t  Seam w h ic h  a r e  a b s e n t  i n  t h e  u p p e r  m e a s u r e s .  

As i n  t h e  u p p e r  m e a s u r e s  t h e  m a j o r i t y  o f  n o r m a l  f a u l t s  

m ak in g  up  t h i s  s e t  d o w n th ro w  t o  t h e  w e s t .  I t  i s  t e m p t i n g  

t o  s e p a r a t e  t h e  n o r t h - w e s t e r l y  t r e n d i n g  f a u l t s  a n d  t h e  

n o r t h - t r e n d i n g  f a u l t s  i n t o  two s e p a r a t e  s e t s  f o r  s t r u c t u r a l  

a n a l y s i s .  The t e m p t a t i o n  i s  p a r t i c u l a r l y  s t r o n g  w here  

f a u l t s  a r e  o b s e r v e d  o v e r  s h o r t  d i s t a n c e s  a n d  w h ere  t h e i r  

t r e n d  w o u ld  a p p e a r  t o  be  c o n s i s t e n t  o v e r  t h e i r  w h o le  l e n g t h .  

H ow ever, a n  e x a m i n a t i o n  o f  t h e  l a r g e r  f a u l t s  w h ic h  a r e  more 

p e r s i s t e n t  l a t e r a l l y  c l e a r l y  i n d i c a t e s  t h a t  t h e  s t r u c t u r a l  

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

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

a r e  i r r e g u l a r ,  h a v i n g  s l i g h t l y  s i n u o u s  t r a c e s  i n  p l a n  a s  

w e l l  a s  i n  s e c t i o n .  The m a in  f a u l t  s e t  g e n t l y  s n a k e  t h e i r  

way a c r o s s  t h e  a r e a  i n c l u d i n g  t r e n d s  v a r y i n g  f ro m  n o r t h  t o  

n o r t h - w e s t e r l y  ( s e e  F i g . 3 . 1 0 ) .  I t  i s  t h e r e f o r e  l o g i c a l  t o  

p re su m e  t h a t  s m a l l e r  n o r m a l  f a u l t s  l y i n g  a n y w h e re  b e tw e e n  

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

a n d  p r o b a b l y  r e s u l t  f ro m  t h e  same t e c t o n i c  p r e s s u r e s .

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

N ine F e e t  Seam a l t h o u g h  i t  i s  v e r y  much t h e  s u b o r d i n a t e  s e t ,  

t h e r e  b e i n g  v e r y  f e w  e x a m p le s  p r e s e n t ;  t h o s e  p r e s e n t  h a v e  a
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l i m i t e d  l a t e r a l  e x t e n t  a n d  t h e  l a r g e s t  th ro w  r e c o r d e d  t o  

d a t e  i s  0 ,6 m . H ow ever tw o l a r g e r  b e l t s  o f  d i s t u r b e d  g r o u n d  

o n  t h i s  t r e n d  a r e  p r e s e n t ,  a l t h o u g h  n e i t h e r  h a s  b e e n  

p r o p e r l y  p r o v e d .  The f i r s t  i s  a t  t h e  s o u t h - e a s t e r n  b o u n d a r y  

o f  t h e  S e v e n  S i s t e r s  C o l l i e r y  w o r k in g s  w h ere  t h e  m in in g  

o p e r a t i o n  s t o p p e d  a l o n g  a  l i n e  o f  f a u l t i n g .  The e v i d e n c e  

s u g g e s t s  t h a t  t h e  t h r o w  i s  t o w a r d s  t h e  n o r t h - w e s t :  s i n c e  i t  

s t o p p e d  m in in g  o p e r a t i o n s  one  p r e s u m e s  t h a t  t h e  t h r o w  was 

s u b s t a n t i a l ,  c e r t a i n l y  s i g n i f i c a n t l y  g r e a t e r  t h a n  2 . 5m, t h e  

t h i c k n e s s  o f  t h e  se a m . U n f o r t u n a t e l y  t h e  r e c o r d s  do n o t  

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

t h i s  s t r u c t u r e .

T h e re  i s  e v e n  l e s s  i n f o r m a t i o n  r e g a r d i n g  t h e  d e f o r m a t i o n  o f  

t h e  N in e  F e e t  Seam on  a  s i m i l a r  t r e n d  i n  t h e  O n llw yn  C o l l i e r y  

a n d  o l d  A berpergw m  C o l l i e r y  w o r k i n g s .  The b a r r i e r  s e p a r a t i n g  

t h e s e  two c o l l i e r i e s  h a s  t h e  sam e n o r t h - e a s t e r l y  t r e n d  a s  on  

t h i s  f a u l t  s e t .  H o w ev er ,  t h e  seam  c o n t o u r s  do n o t  m a tc h  

a c r o s s  t h i s  b a r r i e r ,  h a v i n g  a  v e r t i c a l  m is m a tc h  o f  some 6m. 

A l th o u g h  t h i s  c o u l d  be  a  r e s u l t  o f  s u r v e y i n g  e r r o r s  i n  t h e s e  

r e l a t i v e l y  o l d  w o r k i n g s ,  d i s c u s s i o n s  w i t h  t h e  N .C .B .* s  

s u r v e y o r s  i n d i c a t e  t h i s  t o  b e  u n l i k e l y  a n d  t o  f a v o u r  a  f a u l t  

l y i n g  i n  t h i s  b a r r i e r .  The s u g g e s t i o n  t h a t  t h e r e  may be 

f a u l t i n g  p r e s e n t  a l o n g  t h i s  t r e n d  i s  e n d o r s e d  by two s i m i l a r  

a r e a s  o f  u n w o rk e d  c o a l  w i t h i n  t h e  O n llw y n  C o l l i e r y  w o r k in g s  

( s e e  F i g . 3 . 4 ; .  B o th  w ere  p r o b e d  w i t h  d r i v a g e s  a n d  a t t e m p t s  

w e re  made t o  w ork  t h e  c o a l , u n d o u b t e d l y  t h e  c o a l  w o u ld  h a v e  

b e e n  w o rk ed  i n  t h e s e  two a r e a s  i f  i t  was i n t a c t .  Thus t h e s e  

t h r e e  a r e a s  o f  u n w o rk e d  c o a l  a r e  m o s t  r e a s o n a b l y  e x p l a i n e d  

by b e l t s  o f  d i s t u r b a n c e s  t r e n d i n g  t o w a r d s  t h e  n o r t h - e a s t .
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The o v e r t h r u s t i n g  p r e s e n t  a t  t h i s  h o r i z o n  i s  f a r  m ore i n t e n s e  

t h a n  t h a t  a t  t h e  h i g h e r  Red V e in  h o r i z o n ,  w i t h  many more 

o v e r t h r u s t s  p r e s e n t  a n d  w i t h  a  g r e a t e r  d e g r e e  o f  d e f o r m a t i o n  

a s s o c i a t e d  w i t h  i n d i v i d u a l  o v e r t h r u s t s .  The o v e r t h r u s t s  

h a v e  a  l o w e r  d i p  i n  t h e s e  l o w e r  m e a s u r e s  t h a n  i n  t h e  Red 

V e in ,  a t  t h e  h i g h e r  h o r i z o n  t h e i r  d i p  t e n d s  t o  b e  i n  t h e  

r e g i o n  o f  2 5 °  t o  3 0 ^ ,  w h i l s t  a t  t h e  N in e  F e e t  Seam h o r i z o n  

t h e  d i p  v a r i e s  f ro m  n e a r  h o r i z o n t a l  t o  3 0 ° .  B e c a u se  o f  

t h e i r  low  d i p  t h e  o v e r t h r u s t s  h a v e  a  s i n u o u s  t r a c e  a t  e a c h  

seam  h o r i z o n  a n d  t h e  d e f o r m a t i o n  a t  a  g i v e n  s t r a t i g r a p h i e  

da tum  i s  g r e a t e r  i n  t h i s  p a r t  o f  t h e  s e q u e n c e ,  p a r t l y  due 

t o  t h e  f a c t  t h a t  t h e  p l a n e  o f  m ovem ent i s  n e a r  a n y  g i v e n  

d a tum  f o r  l o n g e r  b e c a u s e  o f  t h e i r  lo w  d i p s .

The o v e r t h r u s x s  a r e  u n i q u e  t o  e a c h  o f  t h e  f a u l t  b l o c k s  d e f i n e d  

by  t h e  m a in  n o r m a l  f a u l t s .  T h u s ,  w h i l s t  t h e  o v e r a l l  am ount 

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

f a u l t  b l o c k s ,  t h e  n u m b er  an d  s i z e  o f  o v e r t h r u s t s  i n  e a c h  

b l o c k  i s  o f t e n  d i f f e r e n t .  The t r e n d  o f  o v e r t h r u s t s  i s  b r o a d l y  

n o r t h - w e s t  t o  s o u t h - e a s t ,  b u t  i n  d e t a i l  t h e i r  t r a c e  i s  s i n u o u s .  

The o v e rw h e lm in g  m a j o r i t y  o f  o v e r t h r u s t s  i n  t h e  N in e  F e e t  

Seam e a s t  o f  t h e  N a n t  M a rl  F a u l t  h a v e  a  s o u t h e r l y  d i p ,  so  

t h a t  t h e  r e l a t i v e  m ovem ent i s  s o u t h  o v e r  n o r t h .

O v e r t h r u s t i n g  a t  t h i s  l e v e l  seem s t o  r e f l e c t  t h e  p a t t e r n  

s e e n  i n  t h e  Red V e in  w h e re b y  o v e r t h r u s t i n g  i n c r e a s e s  m a r k e d ly  

n e a r  t h e  V ale  o f  N e a th  D i s t u r b a n c e .  The sam e d o e s  n o t  

a p p e a r  t o  t a k e  p l a c e  a s  t h e  o t h e r  ( ^ a l e d o n o id  d i s t u r b a n c e ,  

t h e  Tawe V a l l e y  D i s t u r b a n c e  i s  a p p r o a c h e d  ( s e e  F i g . 3 . 5 ) .
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The c l o s e  a s s o c i a t i o n  b e tw e e n  f o l d i n g  an d  f a u l t i n g  o u t 

l i n e d  i n  t h e  d e s c r i p t i o n  o f  t h e  Red V e in  i s  a l s o  a p p a r e n t  

i n  t h e  N ine F e e t  Seam. The m o s t  n o t i c e a b l e  i s  t h e  a n t i c l i n e  

a l i g n e d  a l o n g  t h e  P w l la u  Bach F a u l t ;  t h e r e  i s  a l s o  a  s y n c l i n e  

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

S e v e n  S i s t e r s  C o l l i e r y  w o r k in g s  ; a n d  t h e  12m n o rm a l  f a u l t  

a t  t h e  e a s t e r n  b o u n d a r y  o f  t h e s e  w o r k in g s  i s  r e p l a c e d  t o  

t h e  s o u t h  i n  t h e  A berpergw m  C o l l i e r y  w o r k in g s  by  a n  a n t i c l i n e  

( s e e  F i g . 3 . 4 ) .  L ik e w is e  t h e  g e n t l e  f o l d i n g  i n  t h e  A berpergw m  

a n d  O n llw yn  C o l l i e r y  w o r k in g s  h a v e  t h e i r  a x e s  p a r a l l e l  t o  

t h e  m a in  l i n e  o f  n o r m a l  f a u l t i n g  ( s e e  F i g . 3 . 1 5 ; .

The b r o a d  p a t t e r n  o f  d i p s  i s  a l s o  s i m i l a r  t o  t h a t  i n  t h e  

Red V e in  w i t h  a  b r o a d  *S’ s h a p e  a c r o s s  t h e  a r e a  a n d  ^ g a i n  

d i p s  s t e e p e n  a n d  s w in g  s h a r p l y  a s  t h e  V a le  o f  N e a th  

D i s t u r b a n c e  i s  a p p r o a c h e d .  L o c a l  v a r i a t i o n s  i n  t h e  d i r e c t i o n  

a n d  am ount o f  d i p  a r e  m ore common a n d  m ore  s e v e r e  t h a n  i n  

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

a t i o n .  N o t o n l y  s t e e p ,  b u t  v e r t i c a l  a n d  o v e r t u r n e d  

b e d s  h a v e  b e e n  o b s e r v e d  i n  t h e  T r e f o r g a n  C o l l i e r y  d r i v a g e s .

P r e s e n t  a t  t h i s  s t r a t i g r a p h i e  l e v e l ,  b u t  n o t  a t  t h e  o t h e r  

h i g h e r  l e v e l s  p r e v i o u s l y  d e s c r i b e d  a r e  l a g  f a u l t s ,  low  

a n g l e  f a u l t s  h a v i n g  a d i p  l e s s  t h a n  4 5 °  a n d  h a v i n g  a  n o r m a l  

th r o w .  To d a t e  o n l y  a  s m a l l  n u m b er  o f  l a g  f a u l t s  h a v e  b e e n  

e n c o u n t e r e d ;  t h e  m a j o r i t y  t r e n d  a p p r o x i m a t e l y  n o r t h - s o u t h .

A num ber h a v e  b e e n  e n c o u n t e r e d  i n  t h e  E a s t  D e v e lo p m e n ts  a t  

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

r e g i o n a l  n o rm a l  f a u l t s .  I t  h a s  a l r e a d y  b e e n  n o t e d  t h a t  

n o rm a l  f a u l t s  h a v e  a  l o w e r  d i p  i n  t h e  l o w e r  m e a s u r e s ,  i t
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would a p p e a r  t h a t  t h e s e  l a g .  f a u l t s  r e p r e s e n t  an  e x t e n s i o n  

of t h i s  t r e n d ,  b e in g  t h e  lo w e r  m easu re  c o n t i n u a t i o n  o f  

normal f a u l t s  o b s e rv e d  i n  t h e  h i g h e r  m e a s u re s .

3,2.4 Comparison Of The S t r u c t u r e s  On E i t h e r  S ide  Of The N ant 
Marl F a u l t

The p re o e e d in g  s e c t i o n s  h av e  e a c h  d e a l t  w i th  t h e  Red Vein 

f i r s t  b e c a u se  i t  i s  th e  h o r i z o n  c o n t a i n i n g  m ost s t r u c t u r a l  

d a ta  and  i s  t h e  one u s e d  t o  c o n s t r u c t  th e  b a s i c  s t r u c t u r a l  

f ram ew ork . The No.2 Rhondda Seam h as  been  d e a l t  w i th  

second  i n  e a c h  s e c t i o n  b e c a u s e  i t  i s  t h e  l e a s t  d i s t u r b e d  

h o r i z o n ;  t h e  Nine F e e t  Seam i s  th e  m ost d i s t u r b e d  h o r i z o n  

and a l s o  c o n t a i n s  t h e  l e a s t  d a t a .  However, t h i s  s e c t i o n  

compares th e  s t r u c t u r a l  p a t t e r n s  on e i t h e r  s i d e  o f  th e  

Nant M arl F a u l t  b a s e d  u p o n  th e  s t r u c t u r a l  d a t a  a l r e a d y  

d i s c u s s e d ,  so t h a t  t h e  seams a r e  t r e a t e d  i n  s t r a t i g r a p h i e  

o r d e r  i n  t h i s  s e c t i o n .

An im p o r ta n t  s t r u c t u r a l  d i f f e r e n c e  w hich  a f f e c t s  a l l  t h r e e  

seams i s  th e  s p a c in g  b e tw een  t h e  p r i n c i p a l  no rm al f a u l t s .

To th e  w es t  o f  t h e  Nant M arl  F a u l t  t h e  n e x t  m a jo r  no rm al 

f a u l t  i s  th e  D u f f ry n  F a u l t ,  t h e  d i s t a n c e  b e tw een  t h e s e  two 

f a u l t s  i s  5km. E a s tw a rd s  from  t h e  N ^nt M arl F a u l t  t h e r e  a r e  

s e v e r a l  o f  th e  p r i n c i p a l  n o rm a l f a u l t s  and  t h e  d i s t a n c e  

betw een  any two r a r e l y  e x c e e d s  1km. The f r e q u e n c y  o f  t h e s e  

p r i n c i p a l  no rm al f a u l t s  and  hen ce  t h e  s i z e  o f  th e  i n t e r v e n i n g  

f a u l t  b lo c k s  i s  an  im p o r t a n t  c o n s i d e r a t i o n .  The b e h a v io u r  

of t h e s e  f a u l t  b lo c k s  o f  d i f f e r i n g  s i z e s  i s  d i s c u s s e d  l a t e r  

in  t h i s  t h e s i s .

1 3 8



S e v e r a l  d i f f e r e n c e s  c a n  be s e e n  i n  t h e  s t r u c t u r a l  p a t t e r n  

i n  t h e  l o w e s t  seam  a n a l y s e d ,  t h e  N ine F e e t  Seam, when 

c o m p a r in g  t h e  two a r e a s  l y i n g  e i t h e r  s i d e  o f  t h e  N a n t  M arl 

F a u l t .  The i n c r e a s e d  f r e q u e n c y  o f  t h e  p r i n c i p a l  n o rm a l  

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

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

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

o f  s e v e r a l  o f  t h e s e  f a u l t s  a s  f o l d  a x e s .  T h u s ,  t h e  d i p  o f  

t h e  b e d s  i s  f a r  more r e g u l a r  on  th e  e a s t . o f  t h e  N a n t  M arl  

F a u l t  an d  t e n d s  t o  be l e s s  s t e e p .

O v e r t h r u s t i n g  i s  f a r  more p r e v a l e n t  a t  t h i s  h o r i z o n  t o  t h e  

e a s t  o f  t h e  N an t  M arl F a u l t  and  o v e r t h r u s t s  a l s o  h a v e  a  

l a r g e r  d i s p l a c e m e n t .  T h e re  a r e  s e v e r a l  o v e r t h r u s t s  w i t h  d i s 

p l a c e m e n ts  i n  e x c e s s  o f  2 On a s  w e l l  a s  b e l t s  o f  m u l t i p l e  

o v e r t h r u s t s .  The w i d e s t  b e l t  o f  o v e r t h r u s t i n g  n o t e d  i n  th e  

a r e a  o f  s t u d y  sw eep s  t h r o u g h  t h e  m id d le  o f  t h i s  a r e a  ( s e e  

F i g . 3 . 5 ) ;  i t  i s  a l s o  one o f  t h e  m o st i n t e n s e l y  d i s t u r b e d  

a r e a s  n o t e d .  The d e t a i l s  o f  t h i s  b e l t  o f  d i s t u r b a n c e s  can  

be s e e n  on t h e  f o l d - o u t  t u n n e l  s e c t i o n s  c o n t a i n e d  i n  t h e  

a p p e n d ix .  On t h e  w e s t e r n  s i d e  o f  t h e  N an t  M arl F a u l t  t h e r e  

a r e  a  s m a l l  num ber o f  e a s t - w e s t  t r e n d i n g  o v e r t h r u s t s  i n  th e  

C efn  Coed C o l l i e r y  w o rk in g s  and  b r e a k s  i n  t h e  w o rk in g s  a t  

Diamond C o l l i e r y  w h ich  a r e  i n t e r p r e t e d  a s  o v e r t h r u s t s  

f o l l o w i n g  t h e  r e g i o n a l  t r e n d .  The d e g r e e  o f  o v e r t h r u s t i n g  

on t h e  e a s t  s i d e  i s  t h e r e f o r e  i n  s t a r k  c o n t r a s t  t o  t h a t  

s e e n  on  t h e  w e s t .

At t h e  Red V ein  h o r i z o n  a l s o ,  t h e r e  a r e  s e v e r a l  d i f f e r e n c e s  

i n  t h e  s t r u c t u r a l  p a t t e r n  p r e s e n t  on  e i t h e r  s i d e  o f  th e
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N ant M arl  P a u l t ,  The p r i n c i p a l  n o rm a l  f a u l t s  a r e  more 

f r e q u e n t  t o  t h e  e a s t  o f  t h e  N an t  M arl P a u l t  and o v e r 

t h r u s t i n g  i s  f a i r l y  common. As a  r e s u l t  o f  t h e  g r e a t e r  

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

a lo n g  t h e  n o rm a l  f a u l t s  t h e  r a t e  an d  d i r e c t i o n  o f  s t r a t a  

d i e s  a r e  more v a r i a b l e  on  t h i s  s i d e  o f  t h e  N an t M arl  P a u l t .

In  c o n t r a s t  o v e r t h r u s t i n g  i s  v i r t u a l l y  a b s e n t  t o  t h e  w e s t  

o f  t h e  N an t  M arl  P a u l t  an d  s t r a t a  d ip s  a r e  more r e g u l a r .

The w e s t - n o r t h - w e s t  t r e n d i n g  n o rm a l  f a u l t s  so  common i n  t h e  

T r e f o r g a n  C o l l i e r y  w o rk in g s  a r e  a b s e n t  on  t h e  e a s t  s i d e .  

S p l i n t e r i n g  o f f  t h e  N an t M a rl  P a u l t  i s  a l s o  common on  t h i s  

w e s t e r n  dow nthrow  s i d e ,  b u t  i s  a b s e n t  on t h e  e a s t e r n  s i d e .

At t h e  h i g h e s t  seam  datum  t h e r e  a r e  s e v e r a l  s i m i l a r  

s t r u c t u r a l  d i f f e r e n c e s  t o  o b s e r v e  and  co m p a re .  The g r e a t e r  

f r e q u e n c y  o f  t h e  p r i n c i p a l  n o rm a l  f a u l t s  t o  t h e  e a s t  o f  t h e  

N an t M arl P a u l t  r e f l e c t s  t h e  p a t t e r n  s e e n  i n  t h e  lo w e r  two 

seam s, b u t  i t  h a s  a s e c o n d a r y  e f f e c t  a t  t h i s  l e v e l .  E a s t -  

w e s t  t r e n d i n g  n o rm a l  f a u l t s  a r e  common i n  t h e s e  u p p e r  

m e a s u re s ;  t h e  d e v e lo p m e n t  o f  t h e s e ,  f a u l t s  i s  i n f l u e n c e d  by 

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

t e r m i n a t e  a g a i n s t  t h e  l a t t e r .  T h u s ,  t h e  d e v e lo p m e n t  o f  e a s t '  

w e s t  t r e n d i n g  f a u l t s  i s  d i f f e r e n t  on e i t h e r  s i d e  o f  t h e  N an t 

M arl P a u l t  i n  t h a t  t h e y  h av e  a  s h o r t e r  l a t e r a l  e x t e n t  on t h e  

e a s t e r n  s i d e ,  t h e  l a r g e s t  t h r o w in g  e a s t - w e s t  f a u l t s  a l s o  

o c c u r  on t h e  e a s t  s i d e .

R e v e rse d  f a u l t s  a r e  p r e s e n t  on  b o t h  s i d e s  o f  t h e  N ant M arl 

P a u l t ,  b u t  o n ly  one o c c u r s  t o  t h e  e a s t  o f  i t ,  a  n o r t h 

e a s t e r l y  t r e n d i n g  r e v e r s e d  f a u l t  w i t h  a, th ro w  o f  18m.
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R e v e rs e d  f a u l t s  a r e  more common on  t h e  w e s t  s i d e  o f  t h e  

Nant M arl  F a u l t ,  a l t h o u g h  t h e i r  th ro w  i s  g e n e r a l l y  l e s s  

t h a n  6m and  t h e i r  t r e n d  i s  i n  c o n t r a s t  t o  t h a t  o b s e r v e d  on  

th e  e a s t  s i d e .  Two t r e n d s  a r e  p r e s e n t ,  one b e i n g  p a r a l l e l  

t o  th e  r e g i o n a l  t r e n d  f o r  o v e r t h r u s t s  and a s e c o n d  w h ic h  i s  

a p p r o x i m a t e l y  n o r t h - s o u t h .

S t r a t a  d i p s  a r e  s t e e p e r  a n d  more v a r i a b l e  on t h e  e a s t e r n  

s i d e  o f  t h e  N an t  M arl  F a u l t  i n  t h e  No . 2 Rhondda Seam a s  i n  

t h e  lo w e r  two se a m s ,  a g a i n  i t  r e f l e c t s  t h e  g r e a t e r  d e g r e e  o f  

s t r u c t u r a l  d i s t u r b a n c e  f o u n d  e a s t  o f  t h e  N an t P/Iarl F a u l t .

The e a r l i e r  s e c t i o n  3 . 2 . 1  d e s c r i b e d  t h e  d i f f e r e n c e s  s e e n  i n  

t h e  s t r u c t u r a l  d e t a i l s  o b s e r v e d  a t  t h e  t h r e e  seam  d a tu m s .

In  b r i e f ,  a  f a u l t e d  and h e a v i l y  o v e r t h r u s t e d  p a t t e r n  i n  t h e  

N ine F e e t  Seam w h ich  becom es l e s s  com plex  u p w a rd s .  A l th o u g h  

t h e r e  a r e  d i f f e r e n c e s  i n  t h e  s t r u c t u r e s  o b s e rv e d  a t  e a c h  o f  

t h e  t h r e e  seam s a common t r e n d  i s  t h a t  t h e r e  i s  a  s h a r p  

s t r u c t u r a l  c o n t r a s t  a c r o s s  t h e  N pnt M arl  F q-^ it  i n  e a c h  o f  

t h e  t h r e e  s e a m s .  Many o f  t h e  c o n t r a s t s  i n  th e  s t r u c t u r a l  

p a t t e r n s  a r e  t h e  same i n  e a c h  o f  t h e  t h r e e  s e a m s ,  a l t h o u g h  

t h e  d e t a i l s  o f  t h e  s t r u c t u r e s  w h ich  make up  t h e  s t r u c t u r a l  

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

3 .2 .1 .

T h e re  i s  a  g r e a t e r  f r e o u e n c y  o f  t h e  p r i n c i p a l  n o rm a l  f a u l t s  

on th e  e a s t  t h a n  on  t h e  w e s t  s i d e  o f  t h e  N ant M arl F a u l t  i n  

a l l  t h r e e  seam s r e s u l t i n g  i n  s m a l l e r  f a u l t  b l o c k s .  O v e r

t h r u s t i n g  i s  much more p ro n o u n c e d  and  s e v e r e  e a s t  o f  t h e  

N ant M arl  F a u l t ,  a l t h o u g h  t h e  P a t t e r n  i s  d i f f e r e n t  i n  t h e  

No .2 Rhondda Seam w here  o v e r t h r u s t s  a r e  a b s e n t .  S t r a t a  d i p s
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r
a re  s t e e p e r  and s t r i k e  more v a r i a b l e  to  th e  e a s t  o f  th e  

Nant l^larl F a u l t  i n  e a c h  o f  t h e  t h r e e  seam s. In  e n d e a v o u r in g  

to  a s s e s s  t h e  s t r u c t u r a l  e v o l u t i o n  o f  t h i s  a r e a  b o th  

s t r u c t u r a l  d i f f e r e n c e s  and s i m i l a r i t i e s  b e tw een  seams and 

th e  d i f f e r e n c e s  o b s e rv e d  a c r o s s  th e  N ant M arl F a u l t  have t o  

be a s s e s s e d .

3,3 D e ta i l e d  D e s c r i p t i o n  Of Normal F a u l t s  -  G en e ra l

Having d e s c r i b e d ,  on a c o m p a ra t iv e  b a s i s ,  t h e  s t r u c t u r a l  

e le m e n ts  p r e s e n t  a t  e a c h  o f  th e  t h r e e  h o r iz o n s  -  t h e  Nine 

F e e t  Seam, th e  Red V ein  and th e  N o.2 Rhondda Seam -  one 

can now u s e f u l l y  d i s c u s s  i n  d e t a i l  t h e  b e h a v io u r  and n a t u r e  

o f  s t r u c t u r e s .  F o r  th e  p u rp o se  o f  t h i s  s e c t i o n  i t  i s  u s e f u l  

to  d iv id e  .the  f a u l t s  i n t o  t h e i r  two m ain c a t e g o r i e s  -  t e n s i o n a l  

and c o m p re s s io n a l .  The n o rm a l f a u l t s  w i l l  be d e a l t  w i th  

f i r s t  b ecau se  i t  i s  c o n s id e r e d  t h a t  th e  norm al f a u l t s  

d ev e lo p ed  e a r l i e r  i n  th e  o r o g e n ic  p r o c e s s ,  th e  e v id e n c e  t o  

s u p p o r t  t h i s  w i l l  be d e t a i l e d  l a t e r .  The s t r u c t u r a l  d a ta  

a v a i l a b l e  from t h i s  p r o j e c t  i s  su c h  t h a t  no rm a l f a u l t s  can  

be c o n v e n ie n t ly  d e a l t  w i th  i n  two s e p a r a t e  s e c t i o n s .  T h i s ,  

th e  f i r s t ,  d e a l i n g  w i th  t h e  g e n e r a l  b e h a v io u r  o f  norm al 

f a u l t s  and a seco n d  s e c t i o n  d e a l i n g  i n  more d e t a i l  w i th  th e  

b e h a v io u r  o f  one norm al f a u l t  i n  t h r e e  d im e n s io n s ,  nam ely 

th e  N ant M arl F a u l t ,  a b o u t  w hich  most i s  knovm.

F i r s t l y ,  i t  i s  im p o r ta n t  t o  n o te  th e  g e n e r a l  t r e n d  o f  th e  

main f a u l t  s e t .  The l a r g e r  more p e r s i s t e n t  norm al f a u l t s  

v a ry  s l i g h t l y  i n  t h e i r  t r e n d  from  n o r t h  to  n o r th - w e s t .

S in g le  f a u l t  p l a n e s  have a f a i r l y  r e g u l a r ,  s t r a i g h t  t r a c e  i n  

any one seam, b u t  can  w aver s l i g h t l y  and f o l l o w  g e n t l y
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c u r v i n g  t r a c e s ,  p a r t i c u l a r l y  i n  t h e  l o w e r  seam s.  One m u s t  

f i r s t  d i s p e n s e  w i t h  t h e  a r t i f i c i a l  s u b - d i v i s i o n  i n t o  d i p  

an d  s t r i k e  f a u l t s .  A lth o u g h  s u c h  nam es m ig h t  be u s e f u l  a s  

d e s c r i p t i v e  te rm s  and  may be u s e f u l  o v e r  s h o r t  d i s t a n c e s ,  

t h e y  a r e  o f  l e s s  v a l u e  i n  a  d e t a i l e d  d i s c u s s i o n  o f  n o rm a l  

f a u l t s ,  t h e i r  b e h a v i o u r  an d  t h e i r  g e n e r a t i o n .  The g e n e r a l  

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

s tu d y  i s  f a i r l y  c o n s i s t e n t ,  a s  c a n  be s e e n  on t h e  s t r u c t u r a l  

P l a n s ,  The same g e n e r a l  t r e n d  c a n  be o b s e r v e d  r i g h t  a c r o s s  

t h e  c o a l f i e l d  ( s e e  P i g , 3 ,1 )  an d  i s  c l e a r l y  a  r e s u l t  o f  t h e  

r e g i o n a l  o r o g e n i c  p r e s s u r e s .  W h e th e r  t h e  f a u l t  i s  a  d i p  

f e a t u r e  o r  a  s t r i k e  f e a t u r e  d e p e n d s  u p o n  t h e  s u b s e q u e n t  

d i r e c t i o n  o f  d ip  an d  s t r i k e  i n  t h e  b e d s .  T h is  i s  b o rn e  o u t  

by a n  e x a m i n a t i o n  o f  t h e  P w l la u  Bach an d  G ly n c o rrw g  F a u l t s  

w h ich  a r e  d ip  f a u l t s  a c r o s s  m o s t  o f  t h e  a r e a  o f  s t u d y ,  b u t  

become s t r i k e  f a u l t s  a s  t h e  V ale  o f  N e a th  D i s t u r b a n c e  i s  

a p p r o a c h e d  ( s e e  F i g , 3 , 1 6 ) ,  T h ese  two f a u l t s  t r e n d  c o n s i s t 

e n t l y  a c r o s s  t h e  a r e a  o f  s tu d y  and  a r e  known t o  c o n t i n u e  

f u r t h e r  s o u t h ,  b ey o n d  t h e  V ale  o f  N e a th  D i s t u r b a n c e ,  I t  i s  

t h e  d i r e c t i o n  an d  am ount o f  d i p  o f  t h e  b e d s  w h ich  h ave  

v a r i e d ,  p a r t l y  a s  a  r e s u l t  o f  t h e  b e h a v i o u r  o f  t h e  V ale o f  

N e a th  D i s t u r b a n c e ,  t h i s  w i l l  be d e t a i l e d  on  t h e  s e c t i o n  

d e a l i n g  w i t h  t h e s e  G a le d o n o id  s t r u c t u r e s .  T h u s , t h e s e  m ain  

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

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

t w i s t i n g  o f  t h e  b e d s ,

A l a r g e  p r o p o r t i o n  o f  t h e  m ain  f a u l t  s e t  a f f e c t s  t h e  w h o le  

t h i c k n e s s  o f  C o a l M e a s u re s ,  e x t e n d i n g  f ro m  th e  s u r f a c e  t o

1 4 3 .



Plan Of The PwUau Bach Fault
Which Is Both A

And •Strike" Fault.
(Based on N.C.B. records)

Metres 
0 100 500

M - W
0 100 500 1/2 Mile

Pentreclwydau
Colliery

Figure  3.16



t h e  d e e p e s t  p r o v in g s  w i t h i n  t h i s  s t u d y  i n  t h e  Lower C o a l 

M e a s u re s .  A l th o u g h  t h e y  may be p r e s e n t  a t  a l l  h o r i z o n s  

t h e i r  th ro w  may v a r y  b o t h  l a t e r a l l y  an d  v e r t i c a l l y .  Only 

th e  N an t IVIarl, P w l la u  Bach a n d  G ly n c o rrw g  F a u l t s  c r o s s  t h e  

w hole a r e a  o f  s t u d y  f ro m  t h e  V ale o f  N e a th  D i s tu r b a n c e  to  

th e  Tawe. V a l l e y  D i s t u r b a n c e  o r  t h e  o u t c r o p  o f  t h e  m e a su re s  

s t u d i e d .  The r e m a in in g  l a r g e  f a u l t s  w h ic h  make u p  t h i s  

f a u l t  s e t  a l l  d i e  o u t  to w a r d s  t h e  c e n t r e  o f  t h i s  s t r u c t u r a l  

b l o c k ;  h a v in g  t h e i r  maximum th ro w s  i n  t h e  v i c i n i t y  o f  t h e  

two c a l e d o n o i d  s t r u c t u r e s .

I t  i s  n o t  o n ly  t h e  l a t e r a l  v a r i a t i o n  i n  t h e  th ro w  o f  t h e s e  

l a r g e  n o rm a l  f a u l t s  w h ich  i s  o f  i n t e r e s t ;  t h e i r  th ro w  a l s o  

v a r i e s  v e r t i c a l l y .  S e v e r a l  f a u l t s  w h ic h  a r e  l a r g e  f a u l t s  

i n  t h e  Red V ein  an d  i n  t h e  m e a s u re s  b e lo w ,  h a v in g  th ro w s  i n  

e x c e s s  o f  15m ( s e e  P i g . 3 . 1 7 ) ,  may be r e p r e s e n t e d  i n  t h e  

N o ,2 Rhondda Seam by a  s e r i e s  o f  s m a l l  b r e a k s ,  e a c h  o f  l e s s  

t h a n  Im a n d  h a v in g  a  t o t a l  th ro w  o f  l e s s  t h a n  2 .5 m , Some 

f a u l t s  o f  a  s i m i l a r  s i z e  may n o t  h a v e  an y  p r e s e n c e  i n  t h e  

N o ,2 Rhondda Seam a t  a l l  ( s e e  P i g , 3 , 1 7 ) ,  h a v in g  d i e d  o u t  

j u s t  above  t h e  Red V e in  b e f o r e  r e a c h i n g  t h e  u p p e r  m e a s u re s .

A lth o u g h  t h e  th ro w  o f  many o f  t h e s e  f a u l t s  v a r i e s  i n  a  

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

o f  t h e s e  f a u l t s  b e tw e e n  t h e  Red V ein  an d  t h e  N ine F e e t  Seam, 

T hese  two seam s a r e  some 300m a p a r t ,  b u t  e v e n  f a u l t s  w i t h  a 

r e l a t i v e l y  s m a l l  th ro w  a r e  p r e s e n t  a t  b o t h  h o r i z o n s .  The 

6m f a u l t  p a s s i n g  j u s t  t o  t h e  e a s t  o f  t h e  s h a f t s  a t  S even  

S i s t e r s  C o l l i e r y  i s  a l s o  p r e s e n t  i n  t h e  Red V ein  w i t h  a 

s l i g h t l y  s m a l l e r  th ro w  o f  5 ,5m , The 1 .8m  f a u l t  e n c o u n te r e d
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i n  t h e  S o u th  I n t a k e  d r i v a g e  a t  Aberpergwm C o l l i e r y  ( s q u a r e  

SN 283206) was p r e d i c t e d  f ro m  t h e  Red V e in  and  was 

e n c o u n te r e d  w i t h i n  10m o f  t h e  p r o j e c t e d  p o s i t i o n  i n  t h e  N ine 

P e e t  Seam. C l e a r l y ,  t h e  v e r y  c l o s e  s i m i l a r i t y  i n  t h e  n o rm a l  

f a u l t i n g  a t  t h e s e  two h o r i z o n s  i n d i c a t e s  t h a t  t h e y  h av e  n o t  

o n ly  b e e n  s u b j e c t  t o  t h e  same p r e s s u r e s ,  b u t  h av e  b e h av ed  

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

i n  a f f e c t i n g  t h e  d i p  o f  f a u l t  p l a n e s .  Where f a u l t s  h av e  

b e e n  ex am in ed  a t  o r  n e a r  t h e  Red V e in  h o r i z o n  t h e  f u l l  d i p  

on  th e  f a u l t  p l a n e s  i s  c l o s e  t o  65° ,  w h e re a s  t h e  s t e e p e s t  

d i p  r e c o r d e d  i n  t h e  lo w e r  m e a s u re s  i s  60^ an d  t h e  m a j o r i t y  

o f  f a u l t s  i n  t h e s e  lo w e r  m e a s u re s  h a v e  d i p s  s h a l l o w e r  t h a n  

5 5 ° .

At t h e  N ine P e e t  Seam h o r i z o n  many n o rm a l  f a u l t s  h a v e  b e e n  

o b s e r v e d  w i t h  t h e  f u l l  d i p  o f  t h e  f a u l t  p l a n e  a s  low a s  309 Lag 

f a u l t s  P :2 0 7  h av e  b e e n  o b s e r v e d  a t  t h i s  h o r i z o n  w h ic h  h ave  no 

o b v io u s  r e p r e s e n t a t i o n  i n  t h e  Red V e in ,  t h e  g e n e s i s  o f  t h e s e  

f a u l t s  i s  d i s c u s s e d  i n  a  l a t e r  c h a p t e r .  However some o f  t h e  

l a g  f a u l t s  l o g g e d  i n  t h e  T r e f o r g a n  d r i v a g e s  w ere  a t  p o s i t i o n s  

w h ere  l a r g e  n o rm a l  f a u l t s  had  b e e n  p r e d i c t e d .  T h ese  l a g  

f a u l t s  a r e  p re su m ed  t o  be t h e  lo w e r  e x t e n s i o n s  o f  some o f  

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

T h is  p r e s u m p t io n  i s  f u r t h e r  e n d o r s e d  by v i r t u e  o f  t h e  f a c t  

t h a t  no o t h e r  l a r g e  n o rm a l  f a u l t s  w ere  p r e s e n t  i n  t h e  p r e d i c t e d  

p o s i t i o n s .  T h u s ,  t h e  p o s i t i o n ,  s e n s e  and  th ro w  o f  t h e s e  

f a u l t s  c o r r e c t l y  c o m p l ie s  w i t h  t h e  p r e d i c t e d  s t r u c t u r a l  

a s s e s s m e n t ;  i t  i s  o n ly  t h e  d ip  o f  t h e  f a u l t  p l a n e  w h ich  i s  

u n e x p e c t e d .
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The o r i g i n  o f  t h e s e  l a g  f a u l t s  may n o t  be t h e  same a s  f o r  

l a g  f a u l t s  w h ich  a r e  c o n f i n e d  t o  t h e  lo w e r  m e a s u r e s .  T h e re  

i s  no e v id e n c e  o f  t h e s e  l a g  f a u l t s  i n  t h e  m e a s u re s  b e lo w  th e  

'm a in  p r o d u c t i v e  m e a s u r e s ' ,  so  t h a t  t h e s e  n o rm a l  f a u l t s  

w h ich  p a s s  downwards i n t o  l a g  f a u l t s  e i t h e r  d i e  o u t  a r o u n d  

t h e  h o r i z o n  o f  t h e  N ine P e e t  Seam; o r  e l s e  t h e i r  d i p  becom es 

s t e e p e r  downwards and  t h e y  r e v e r t  t o  b e i n g  n o rm a l  f a u l t s  so  

t h a t  t h e y  a r e  l a g  f a u l t s  o n ly  i n  t h e  m e a s u re s  a r o u n d  t h e  

h o r i z o n  o f  t h e  N ine P e e t  Seam.

The p r i n c i p a l , n o rm a l  f a u l t s  a r e  w e l l  d o cu m en ted  f ro m  many 

r e c o r d s  o f  o l d  mine w o r k in g s  an d  h a v e  b e e n  p r o v e d  a t  a  num ber 

o f  seam h o r i z o n s .  I t  i s  c o n s i d e r e d  t h a t  t h e s e  f a u l t s  a r e  

p r e s e n t  t h r o u g h o u t  t h e  m e a s u r e s  an d  i t  i s  t h e i r  d i p  w h ic h  i s  

d i f f e r e n t  i n  t h e  r e g i o n  o f  t h e  N ine P e e t  Seam. T h is  ch an g e  

o f  d i p  i s  s i g n i f i c a n t  a n d ,  o f  c o u r s e ,  r e q u i r e s  a n  e x p l a n a t i o n .  

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

i s  l i k e l y  t o  be a c o n t r i b u t i n g  f a c t o r ,  b u t  i s  u n l i k e l y  to  

a c c o u n t  f o r  a  ch an g e  o f  d i p  f ro m  65° t o  30° a n d  b a c k  a g a i n .

I t  i s  f e l t  t h a t  t h e  c o i n c i d e n c e  o f  t h e  low  d i p p i n g  p o r t i o n  

o f  t h e s e  n o rm a l  f a u l t s  w i t h  t h e  s t r a t i g r a p h i e  h o r i z o n  a t  w h ich  

o v e r t h r u s t i n g  i s  m o s t  p r o m i n e n t l y  d e v e lo p e d  i s  s i g n i f i c a n t  

and  w i l l  be d i s c u s s e d  more f u l l y  i n  a l a t e r  c h a p t e r .

En e c h e l o n  r e p l a c e m e n t  o f  f a u l t i n g  i s  common i n  S o u th  W ales 

and  t a k e s  p l a c e  b o th  l a t e r a l l y  an d  v e r t i c a l l y .  The v e r y  

l a r g e s t  f a u l t s  s u c h  a s  t h e  P w l la u  Each and  G ly n c o r rw g  seem  t o  

c u t  t h r o u g h  t h e  m e a s u re s  a s  s i n g l e  p l a n e s  w i t h  a n  a s s o c i a t e d  

sm ashed  z o n e ,  b u t  many o f  t h e  o t h e r  f a u l t s  w i t h i n  t h i s  s e t  

d e m o n s t r a t e  en  e c h e l o n  r e p l a c e m e n t  l a t e r a l l y  ( s e e  P i g . 3 . 1 8 ) .
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Plan Of Part Of The Red Vein Workings 
West Of Treforaan C olliery 

To I l lu strate  En Echelon Faulting.
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T h i s  e n  e c h e l o n  r e p l a c e m e n t  m a y  t a k e  p l a c e  a s  a  s i n g l e  f a u l t  

p l a n e  i s  c l e a r l y  r e p l a c e d  i n  c l o s e  p r o x i m i t y  b y  a n o t h e r  

( S N  2 8 0 2 0 6 ) ;  a l t e r n a t i v e l y  f a u l t s  m a y  b e  r e p l a c e d  2 0 0 m  o r  

300m  a w a y  b y  o t h e r  f a u l t s  m a k i n g  u p  a n  e x t e n d e d  b e l t  o f  

f a u l t i n g  c o m p r i s i n g  a  s e r i e s  o f  f a u l t s ,  a l l  h a v i n g  a  c o m m o n  

g e n e r a t i o n .  T h e  l a t t e r  i s  w e l l  d e m o n s t r a t e d  b y  t h e  f a u l t  

p a s s i n g  t o  t h e  e a s t  o f  S e v e n  S i s t e r s  C o l l i e r y  s h a f t s ,  w h i c h  

i s  r e p l a c e d  b y  t w o  f a u l t s  t o  t h e  s o u t h .

D e m o n s t r a t i n g  e n  e c h e l o n  r e p l a c e m e n t  v e r t i c a l l y  i s  d i f f i c u l t  

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

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

s e e n  o n  P i g . 3 . 1 7  b y  t h e  b e h a v i o u r  o f  t h e  n o r m a l  f a u l t  p a s s i n g  

t h r o u g h  T r e f o r g a n  B o r e h o l e  N o . 5 .  I t  i s  r e p l a c e d  i n  t h e  N o . 2  

R h o n d d a  S e a m  b y  a  s e r i e s  o f  s m a l l  f a u l t s  a l i g n e d  e n  e c h e l o n  

a n d  a t  t h e  N i n e  P e e t  S e a m  h o r i z o n  h a s  a  s e c o n d  3 n i  f a u l t  a l s o  

a l i g n e d  e n  e c h e l o n .  M o r e  d e t a i l  i s  a v a i l a b l e  e l s e w h e r e  i n  

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

a n d  w h e r e  s o m e  e x c e l l e n t  e x a m p l e s  o f  e n  e c h e l o n  r e p l a c e m e n t  

c a n  b e  d e m o n s t r a t e d .

A.n e x a m i n a t i o n  o f  t h e  R e d  V e i n  a n d  N i n e  P e e t  S e a m  s t r u c t u r e  

p l a n s  w i l l  r e v e a l  t h a t  t h e  m a j o r i t y  o f  s m a l l  f a u l t s  f o l l o w  

t h e  s a m e  t r e n d  a s  t h e  m a i n  f a u l t  s e t ,  a l t h o u g h  t h e i r  t h r o w  i s  

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

a f f e c t  o n l y  o n e  o r  t w o  s e a m s .

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

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

i n  t h e  N i n e  P e e t  S e a m  a t  C e f n  C o e d  C o l l i e r y  a n d  a  s m a l l  n u m b e r  

h a v e  b e e n  e n c o u n t e r e d  i n  t h e  d r i v a g e s  a t  T r e f o r g a n  C o l l i e r y .
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The th ro w  on t h e s e  f a u l t s  i s  s m a l l ,  n o t  e x c e e d in g  1.5m on 

an y  s i n g l e  f a u l t  p l a n e  an d  may be to  t h e  n o r t h  o r  s o u t h .  

U n f o r t u n a t e l y  t h e s e  f a u l t s  w ere  n o t  ex am ined  by a  g e o l o g i s t  

a t  C efn  Coed C o l l i e r y ,  b u t  w here  t h e y  h a v e  b e e n  s e e n  i n  

T r e f o r g a n  C o l l i e r y  t h e y  a r e  l a g  f a u l t s .  Only a  s m a l l  num ber 

o f  e a s t - w e s t  t r e n d i n g  f a u l t s  h av e  b e e n  o b s e r v e d  i n  w o rk in g  

r e c o r d s  f o r  t h e  Red V e in .  Some w i t h  a  t r e n d  c l o s e  t o  t h i s  

a r e  p r e s e n t  i n  t h e  l a s t  w o rk in g s  a t  B ry n te g  C o l l i e r y

(SN 282204) and  a  s i n g l e  p l a n e  w i t h  a  th ro w  o f  0.8m  was

e n c o u n te r e d  i n  t h e  l a s t  w o rk in g s  a t  D i l lw y n  C o l l i e r y

(SN 2 7 9 2 0 5 ) .  The f a u l t s  a t  B ry n te g  C o l l i e r y  h av e  no th ro w

i n d i c a t e d  on th e  o l d  p l a n s  an d  i t  i s  c o n c e i v a b l e  t h a t  t h e y  

may be s m a l l  o v e r t h r u s t s  ; c e r t a i n l y  some o f  them  h ave  a  t r e n d  

c l o s e r  to  t h e  o v e r t h r u s t s  t h a n  t o  t h e  l a g  f a u l t s .  The one 

p la n e  e n c o u n t e r e d  i n  D i l lw y n  C o l l i e r y  a p p e a r s  ±0 be p r o p e r l y  

d o cum en ted  an d  c o u ld  be t h e  s o l e  r e p r e s e n t a t i v e  o f  t h i s  f a u l t  

s e t  i n  t h e  Red V e in  th o u g h  t h e r e  i s  no r e c o r d  o f  t h e  d i p  o f  

th e  f a u l t  p l a n e .  I t  i s  d i f f i c u l t  t o  f e e l  c o n f i d e n t  a b o u t  t h e  

p r e s e n c e  o f  t h i s  f a u l t  s e t  i n  t h e  Red V e in  w i t h  o n ly  one 

p r o v in g  i n  a s i n g l e  ro ad w ay  a t  D i l lw y n  C o l l i e r y .  S u f f i c e  i t  

t o  s a y  t h a t  t h i s  f a u l t  i s  p r e s e n t  on  t h e  p l a n s ,  b u t  t h i s  

f a u l t  s e t  w ould  o t h e r w i s e  a p n e a r  t o  be  a b s e n t  a t  t h i s  h o r i z o n ,

E a s t - w e s t  t r e n d i n g  f a u l t s  a r e  a l s o  p r e s e n t  i n  t h e  No . 2 

Rhondda Seam*, j?he g r e a t  d i f f e r e n c e  b e tw e e n  t h i s  da tum  a n d  

th e  two lo w e r  o n es  i s  t h a t  t h e s e  f a u l t s  h av e  s u c h  a  l a r g e  

th ro w  and  a r e  so m e tim e s  p e r s i s t e n t  l a t e r a l l y  f o r  o v e r  1km. 

E xam ples  o f  t h e s e  f a u l t s  a r e  p r e s e n t  w h ic h  th ro w  b o t h  t o  t h e  

n o r t h  and  t o  t h e  s o u t h .  The age  r e l a t i o n s h i p  b e tw e e n  t h i s  

f a u l t  s e t  and  th e  p r i n c i p a l  n o rm a l  f a u l t  s e t  h a s  a l r e a d y
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b e e n  d i s c u s s e d .  I t  i s  a l s o  i m p o r t a n t  to  n o te  t h e i r  

r e l a t i o n s h i p  w i t h  t h e  lo w e r  two seam d a t a .  T hese  f a u l t s  

a r e  c o n s id e r e d  a lo n g  w i t h  t h e  o t h e r  s t r u c t u r a l  e l e m e n t s  i n  

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

t h i s  a r e a .

3 , 4  D e t a i l e d  D e s c r i p t i o n  Of Normal F a u l t s  -  The N ant M arl F a u l t

A lth o u g h  n o rm a l f a u l t s  have  been  d e t a i l e d  i n  t h e  above  s e c t i o n ,  

t h e  N ant T/Iarl F a u l t  i s  one o f  t h e  p r i n c i p a l  f a u l t s  i n  t h e  

a r e a  and i s  th e  n o rm a l f a u l t  a b o u t  w h ich  m ost i s  known i n  

d e t a i l .  R ec o rd s  a r e  a v a i l a b l e  from  a l l  t h r e e  seam datum s 

a n d  th e  f a u l t  h a s  a l s o  b e e n  e n c o u n te r e d  i n  c r o s s - m e a s u r i n g  

m ain  d r iv a g e s  a t  T r e f o r g a n  C o l l i e r y .  T hus ,  h a v in g  s t a t e d  

b r o a d ly  t h a t  a no rm a l f a u l t  i s  due t o  t e n s i o n ,  one i s  a b le  

t o  s e e ,  i n  d e t a i l ,  how t h e s e  p r e s s u r e s  v a ry  l o c a l l y  and  how 

a  s i n g l e  f a u l t  s t r u c t u r e  v a r i e s  a s  s i m i l a r  p r e s s u r e s  a r e  

e x e r t e d  on a p i l e  o f  s e d im e n ta r y  r o c k s  w hich  a r e  f a r  from  

hom ogeneous.

I As s t a t e d  a b o v e ,  th e  N an t  M arl F a u l t  i s  a l a r g e  n o rm a l  f a u l t

b e lo n g in g  t o  t h e  m ain  n o rm a l f a u l t  s e t :  i t  r u n s  a c r o s s  th e  

w hole s t r u c t u r a l  b lo c k  from  th e  Tawe V a l le y  D i s tu r b a n c e  to  

t h e  Vale o f  N e a th  D i s tu r b a n c e  and  a f f e c t s  a l l  t h e  C oal 

M easures  exam ined  i n  t h e  c o u r s e  o f  t h i s  s t u d y .

The f i r s t  f e a t u r e  o f  t h e  N ant M arl F a u l t  i s  i t s  t r e n d :  th e

f a u l t  h a s  a  g e n t l y  c u r v in g  t r a c e  p a r t i c u l a r l y  i n  t h e  lo w e r  

two seam h o r i z o n s  and  c h a n g e s  d i r e c t i o n  by a s  much a s  450 

( s e e  F i g . 3 . 1 0 ) .  I n  p l a c e s  t h e  f a u l t  t r e n d s  due n o r t h  and  

e ls e w h e re  i n  a  n o r t h - w e s t e r l y  d i r e c t i o n .  T h is  i s  a  s i g n i f i c a n t
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change  o f  d i r e c t i o n  c l e a r l y  d e m o n s t r a t i n g  t h e  n eed  f o r  f a r  

r e a c h i n g  s t u d i e s  and  m e a s u re m e n ts  w i t h i n  any  s t r u c t u r a l  

s u r v e y .  An e x a m in a t io n  o f  t h i s  f a u l t  i n  a  l i m i t e d  a r e a  

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

p r e s s u r e s  w h ic h  c a u s e d  t h e  f a u l t i n g .

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

o f  t h e  t h r e e  seam s u s e d  a s  a  s t r u c t u r a l  d a tu m . At t h i s  

h o r i z o n  q u a l i t y  i n f o r m a t i o n  i s ,  u n f o r t u n a t e l y ,  n o t  a s  

p l e n t i f u l  a s  a t  t h e  h i g h e r  s e a m s .  The i n f o r m a t i o n  a v a i l a b l e  

i s  i l l u s t r a t e d  on  t h e  s t r u c t u r e - c o n t o u r  p l a n  ( s e e  P i g . 3 . 5 ) 

and  i n  f i g u r e  3 . 1 0 .  I n  t h i s  seam  t h e  f a u l t  h a s  a  g e n t l y  

c u r v i n g  t r a c e J  t h e  d i p  o f  t h e  p l a n e  seem s t o  be a p p r o x i m a t e l y  

5 5 ^ .  The f a u l t  p l a n e  p a s s e s  a l o n g  a  n a r ro w  c o r r i d o r  i n  t h e  

Diamond an d  G-urnos C o l l i e r y  w o rk in g s  i n  t h e  n o r t h ,  w h ich  

s u g g e s t s  t h a t  a  w id e  b e l t  o f  r e l a t e d  m in o r  f a u l t i n g  i s  

a b s e n t  a t  t h i s  l e v e l .  T h e re  i s ,  h o w e v e r ,  t h e  s u g g e s t i o n  o f  

l i m i t e d  s p l a y  f a u l t i n g  i n  t h e s e  w o r k in g s .

U n f o r t u n a t e l y  t h e r e  a r e  no f u r t h e r  p r o v i n g s  on  t h e  down

th ro w  s i d e  o f  t h e  N a n t  M arl  F a u l t  i n  t h e  N ine F e e t  Seam.

The N1 f a c e  a t  T r e f o r g a n  C o l l i e r y  d i d  w ork c l o s e  t o  an d  

be low  t h e  f a u l t  p l a n e  on th e  u p th ro w  s i d e .  The d e f o r m a t i o n  

a t  t h i s  l e v e l  i s  i n  p a r t ,  o f  a n  e x t e n s i o n a l  n a t u r e  a n d  c a n  

be s e e n  i n  t h e  b e h a v i o u r  o f  t h e  s l i p  p l a n e s  on t h e  N1 f a c e .  

S l i p  p l a n e s  a r e  p r e s e n t  i n  t h e  c o a l  seam s t h r o u g h o u t  t h e  

a n t h r a c i t e  f i e l d  an d  n o r m a l l y  h a v e  a  d i s p l a c e m e n t  w i t h i n  

th e  seam o f  l e s s  t h a n  0 . 01m gnd  o n ly  r a r e l y  h a v e  a  d i s p l a c e 

m ent o f  b e tw e e n  0 .01m  an d  0 .1 0 m . In  many c a s e s  t h e  s l i p  

p l a n e s  a r e  c o n f i n e d  t o  t h e  seam an d  r u n  a l o n g  t h e  b e d d in g  

p l a n e  b e tw e e n  th e  c o a l  an d  t h e  r o o f  o t h e r w i s e  t h e y  t e n d  t o
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Sketch To Illustrate The Behaviour 
Of Slip Planes.

Well-bedded silty mudstone.

Slip planes die out at the base 
of the silty mudstone.

Thinly bedded slightly silty  
mudstone.

COAL SEAM.

1— Seatearth.

The slip planes are clearly developed at the coal seam,which is displaced.The 
bedding planes of the slightly silty mudstone are also displaced,but the 
slip planes die out at the  base of the more competent s ilty  mudstone. 
Micro-shearing is common in sea tea r th s ;th e  movement associated with 
the slip planes is absorbed in this medium.

Not drawn to sca le ,th e  sketch is taken from the North Development at 
Treforgan Colliery : the heading is 3 8m high.
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d i e  o u t  i n  t h e  im m ed ia te  r o o f  a n d  f l o o r  m e a s u re s  ( s e e  

P i g . 3 . 1 9 ) .  L ik e w is e ,  w i t h i n  t h e  seam  t h e y  may d i s p l a c e  

c o a l  b ed s  b u t  n o t  b a n d s . o f  c a r b o n a c e o u s  m u d s to n eJ  i n s t e a d  

t h e y  r u n  i n t o  t h e s e  b e d s  o f  m u d s to n e  c a u s i n g  t h e i r  t h i c k n e s s  

t o  v a r y  c o n s t a n t l y  ( s e e  P i g . 3 . 2 0 ) .  H ow ever, f o r  a w id th  o f  

some 2 00m f ro m  t h e  e s t i m a t e d  p o s i t i o n  o f  t h e  N an t M arl  P a u l t ,  

s e c o n d a r y  movement h a s  t a k e n  p l a c e  u s i n g  t h e  e x i s t i n g  d i s 

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

A . S  3  r e s u l t  o f  t h i s  s e c o n d a r y  d e f o r m a t i o n  t h e  d i s p l a c e m e n t  

a lo n g  i n d i v i d u a l  s l i p  p l a n e s  c a n  be  a s  much a s  0 .25m  a n d  t h e  

r o o f ,  seam a n d  f l o o r  m e a s u re s  a r e  a l l  d i s p l a c e d ,  a s  

i l l u s t r a t e d  on  th e  s k e t c h  o f  t h e  f a c e  s e c t i o n  t a k e n  f ro m  th e  

N1 f a c e  ( P i g . 3 . 2 1 ) .

The N an t M a rl  P a u l t  i s  n e x t  c o n s i d e r e d  a t  t h e  s e c o n d  seam  

h o r i z o n ,  t h a t  o f  t h e  Red V e in .  A t t h i s  h o r i z o n  t h e  q u a l i t y  

o f  i n f o r m a t i o n  i s  g o o d ,  w i t h  s e v e r a l  p r o v in g s  o f  t h e  f a u l t  

i n  d i f f e r e n t  w o rk in g s  a s  w e l l  a s  e x p o s u r e s  i n  two c r o s s 

m easu re  d r i v a g e s  w here t h e  w hole s t r u c t u r e  was ex am in ed  by 

t h e  a u t h o r .  The m ain  d i s p l a c e m e n t  i s  c o n t a i n e d  i n  a  f a i r l y  

n a r ro w  c o r r i d o r  b e tw e e n  o l d  w o r k i n g s , so  t h a t  t h e r e  i s  

u n l i k e l y  t o  be a  w ide b e l t  o f  f a u l t e d  g ro u n d  w i th  many f a u l t  

p l a n e s . An e x a m i n a t i o n  o f  t h e  r e c o r d s  o f  o ld  w o r k in g s ,  

t o g e t h e r  w i t h  t h e  d a t a  c o l l e c t e d  i n  t h e  T r e f o r g a n  C o l l i e r y  

d r i v a g e s  ( P i g s . 3 .2 3  an d  3 .2 4 )  i n d i c a t e s  t h a t  a t  t h e  Red V ein  

m ost o f  th e  d i s p l a c e m e n t  i s  c a r r i e d  on  o n ly  one o r  two f a u l t  

p l a n e s ,  w i th  s u b o r d i n a t e  an d  l o c a l i s e d  s m a l l  f a u l t s  r e s u l t i n g  

i n  a f u r t h e r  d i s p l a c e m e n t  o f  a few  m e t r e s .  I n  s e c t i o n  a l l  

t h e  f a u l t  P l a n e s  a r e  p a r a l l e l ,  b u t  i n  p l a n  some a r e  s p l a y  

f a u l t s , s p l i n t e r i n g  and  d i v e r g i n g  fro m  t h e  m ain  f a u l t  p l a n e s

i 5 1
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tow ards  t h e  n o r t h - w e s t ;  th e y  a l l  th ro w  downwards to w a rd s  

th e  s o u th - w e s t  ( P i g . 3 . 2 2 ) ,

Both H e n l la n  an d  D i l lw y n  C o l l i e r i e s  worked up  t o  th e  m ain  

f a u l t  p la n e  on th e  u p th ro w  s i d e ,  i n d i c a t i n g  t h a t  d e fo rm a t io n  

of th e  m e a su re s  i s  n e g l i g i b l e  on t h i s  s i d e  o f  t h e  f a u l t  

p l a n e ,  t h e  s p l a y  f a u l t i n g  i n  t h e  Red V ein  i s  l i m i t e d  to  th e  

downthrown b l o c k .  I n  a d d i t i o n  t h e r e  i s  a  b e l t  o f  a n t i t h e t i c  

n o rm al f a u l t s  on th e  downthrow s i d e :  i t  v a r i e s  from  100m to  

180m i n  w id th  and  i n d i v i d u a l  f a u l t s  h av e  a  th row  o f  up to  

2 . 3m, f a u l t  p l a n e s  may be l e s s  t h a n  10m a p a r t ;  t h i s  f e a t u r e  

has n o t  b e e n  o b se rv e d  a t  th e  o t h e r  seam d a tu m s.

The d ip  o f  t h e  f a u l t  p l a n e s  a t  t h e  Red V ein  h o r i z o n  i s  67° ,  

a d ip  w h ich  p e r s i s t s  downwards th ro u g h  th e  m easu res  f o r  a

s h o r t  d i s t a n c e  b e f o r e  i t  b e g in s  t o  d e c r e a s e .  The a v e ra g e

d ip  r e q u i r e d  to  t r a n s p o s e  i t ’s p ro v e n  p o s i t i o n  i n  th e  Red

Vein to  t h a t  i n  th e  Nine P e e t  Seam i s  35° ( s e e  P i g . 3 * ^ 5 ) ;

from  th e  Red V ein  upw ards th e  d ip  becomes s l i g h t l y  s t e e p e r

than 67° .

The m easu res  i n  th e  v i c i n i t y  o f  t h e  No.2 Rhondda Seam a r e  

p r e d o m in a n t ly  s a n d s to n e  and th e  b e h a v io u r  o f  th e  N ant M arl 

P a u l t  a t  t h i s  h o r i z o n  i s  a t  v a r i a n c e  to  t h a t  s e e n  a t  th e  

lo w er  two d a t a ,  b o th  i n  p l a n  and s e c t i o n .  I n  p l a n  i t  can  

be s e e n  t h a t  th e  N ant M arl P a u l t  i s  made u n  o f  a  l a r g e  

number o f  d i s c r e t e  f a u l t  p l a n e s ,  e a c h  h a v in g  a f a i r l y  s t r a i g h t  

t r a c e  ( s e e  P i g . 3 . 2 6 ; .  N ear th e  o u tc r o p  o f  th e  N o.2 Rhondda 

Seam th e  s t r u c t u r e  i s  r e p r e s e n t e d  by trwo/
s e p a r a t e

152.
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Com posite C ross-S ection  Through 
The Nant Marl Fault.

Natural Scale.

Metres

W e s t East

18m2 Rhonddo^Seom
12m

\  W  W \ \W \
w w w w w w y  /

Red Vein

Upper Nine Feet Seam yff

1

; Datum:-Ordnance Datum-500m.

Total throw at the N° 2 Rhondda Seam -  30m.
Total throw just above the Red Vein -  63 6m.
Total throw at the Red Vein -  65m.
Estimated throw at the Upper Nine Feet Seam -  65m.

 ̂Note the divergence of dip between the Red Vein and the N°- 2 Rhondda 
Seam on the downthrown side of the Nant Marl Fault.

Figure 3.25



r

s e p a r a t e , l a r g e  f a u l t s  dow nthrow ing 12m and  18m to  th e  

w e s t ,  t h e i r  combined th ro w  b e in g  s i m i l a r  to  t h e  th ro w  o f  

th e  ï ïa n t  M arl F a u l t  o b s e rv e d  e ls e w h e re  i n  t h i s  seam, 

a l th o u g h  i t  i s  s m a l l e r  by h a l f  t h a n  t h e  th ro w  in  e i t h e r  

t h e  Red V ein o r  th e  Nine F e e t  Seam a t  t h i s  p o s i t i o n .

The d ip  o f  th e  N o,2 Rhondda Seam be tw een  t h e s e  two f a u l t  

p la n e s  i s  much s t e e p e r  th a n  th e  d ip  o f  th e  lo w er  m e a s u re s ,  

a f e a t u r e  one would e x p e c t  s i n c e  th e  g r e a t  d i f f e r e n c e  i n  

throw  h a s  t o  be accommodated i n  some f a s h i o n .  Some 

d i f f e r e n c e  i n  s t r a t a  d ip s  i s  a l s o  p r e s e n t  on th e  e a s t  s i d e  

o f  t h e  f a u l t  and  t h e  N o ,2 Rhondda and Red Vein Seams do 

n o t  ta k e  on s i m i l a r  d ip s  i n t i l  500m d i s t a n c e  from  t h e  f a u l t .

The changes  o f  t r e n d  o f  th e  f a u l t  p la n e  i n  th e  N o.2 Rhondda 

Seam a r e  a l s o  a c h ie v e d  by means o f  a  number o f  d i s c r e t e  

f a u l t  p l a n e s .  N ear t h e  seam o u tc r o p  i n d i v i d u a l  f a u l t  

n la n e s  t r e n d  to w ard s  th e  n o r t h - w e s t ,  w h i le  f u r t h e r  s o u th  

each  i n d i v i d u a l  f a u l t  p la n e  has  a  s l i g h t l y  d i f f e r e n t  t r e n d  

to  i t s  n e ig h b o u r  u n t i l  a n o r t h - s o u t h  t r e n d  i s  a c h ie v e d .  At 

th e  s o u th e r n  end o f  th e  w o rk in g s  th e  N ant M arl F a u l t  s t r u c t u r e  

i s  r e p r e s e n t e d  by a  number o f  f a u l t  p la n e s  and an  o v e r a l l  

c u rv in g  t r a c e  i s  a c h ie v e d  by v i r t u e  o f  t h e  d i f f e r i n g  

t r e n d s  o f  e a c h  d i s c r e t e  f a u l t  p l a n e ,  n o t  o n ly  from  due 

n o r th  to  n o r t h - n o r t h - w e s t ,  b u t  i n  one c a s e  by a  f a u l t  p la n e  

t r e n d in g  n o r t h - n o r t h - e a s t .  The b e h a v io u r  o f  th e  N ant M arl 

F a u l t  i n  t h i s  f a s h i o n  i s  one o f  th e  b e s t  a s  w e l l  a s  m ost 

im p o r ta n t  exam ples o f  en  e c h e lo n  r e p la c e m e n t  w i t h i n  th e  

a r e a  o f  s tu d y .  I t  i s  i n  m arked  c o n t r a s t  to  th e  b e h a v io u r  

o f t h i s  f a u l t  i n  th e  lo w e r  two seam s, th e  Red Vein b e in g  

o n ly  250m below ,

1 6 3



The Nant Marl Fault In The N°2 Rhondda Seam 
At Blaenant- Colliery.

Metres
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Thus t h e r e  a r e  c o n s i d e r a b l e  ch an g es  i n  th e  d e f o rm a t io n  

a s s o c i a t e d  w i th  th e  N ant I /k r l  F a u l t ;  a l t h o u g h  some o f  t h e s e  

changes ta k e  p la c e  l a t e r a l l y ,  s i g n i f i c a n t  changes  t a k e  p la c e  

v e r t i c a l l y  a s  d i f f e r i n g  c o a l  m easu res  a r e  e n c o u n te r e d .  I t  

seems r e a s o n a b le  to  c o n c lu d e  t h a t  some o f  th e  v a r i a t i o n s  i n  

th e  n a t u r e  o f  t h e  N ant M arl F a u l t  a r e  a  r e s u l t  o f  l o c a l  

v a r i a t i o n s  i n  th e  s t r e s s  f i e l d ,  w h i l s t  o t h e r s  a r e  a  r e s u l t  

of l i t h o l o g i c a l  d i f f e r e n c e s .  The i n f l u e n c e  o f  e a c h  i s  

d i s c u s s e d  i n  a l a t e r  c h a p t e r ,

3,5 D e t a i l e d  D e s c r i p t i o n  Of R e v e rse  F a u l t s  And O v e r th r u s t s

Throughout m ost o f  th e  .area o f  s tu d y  t h e  s e p a r a t i o n  o f  

r e v e r s e d  d i s l o c a t i o n s  i n t o  o v e r t h r u s t s  and  r e v e r s e  f a u l t s  

i s  an  a r t i f i c i a l  o ne . A rg u a b ly ,  th e  o n ly  e x c e p t i o n  i s  i n  

th e  N o,2 Rhondda Seam w here an  a r e n a c e o u s  column i s  p r e s e n t  

and where r e v e r s e d  f a u l t s  have b een  e n c o u n te r e d .  These 

r e v e r s e d  f a u l t s  c a n n o t  be t r a c e d  downwards i n t o  more 

a r g i l l a c e o u s  beds  t o  exam ine t h e i r  b e h a v io u r  f o r  two r e a s o n s :  

f o r  th e  m ost p a r t  t h e r e  i s  no i n f o r m a t i o n  b e c a u se  no w ork ings  

a re  p r e s e n t  i n  su c h  m ea su re s  to  e n a b le  a  c o m p ar iso n ;  many o f  

th e s e  r e v e r s e d  f a u l t s  have t r e n d s  w hich a r e  d i f f e r e n t  t o  th e  

o v e r t h r u s t s  i n  th e  lo w e r  m easu res  and  may have been  g e n e r a t e d  

by a  s l i g h t l y  d i f f e r e n t  m echanism a s  w i l l  be d e t a i l e d  l a t e r .  

However, w i th  th e  e x c e p t i o n  o f  t h e s e  r e v e r s e d  f a u l t s ,  i t  

can be d e m o n s tra te d  t h a t  r e v e r s e d  f a u l t s  and o v e r t h r u s t s  

a re  u s u a l l y  th e  same s t r u c t u r e  a t  d i f f e r e n t  s t r a t i g r a p h i e  

h o r iz o n s .  The s t e e p e r  d ip  w hich  d e f i n e s  a  r e v e r s e d  f a u l t  a s  

d i s t i n c t  from  an  o v e r t h r u s t  i s  g e n e r a l l y  a f u n c t i o n  o f

B l i t h o l o g y ,  th e  s t e e p e r  d ip  o f  a  r e v e r s e d  f a u l t  b e in g  p r e s e n t  

in  a r e n a c e o u s  s t r a t a ,  w h i le  t h e  same s t r u c t u r e  becomes a n

1 5 4



o v e r t h r u s t  i n  more a r g i l l a c e o u s  b e d s .  T h u s ,  f o r  t h e  m o st 

p a r t  s u c h  r e v e r s e d  s t r u c t u r e s  w i l l  be  r e f e r r e d  t o  a s

* o v e r t h r u s t s  ' f o r  t h e  r e m a i n d e r  o f  t h i s  t h e s i s  a n d  t h e  t e r m

’ r e v e r s e d  f a u l t ’ w i l l  o n ly  be u s e d  w here i t  i s  n e c e s s a r y  t o

draw  a t t e n t i o n  t o  t h e  s t e e p e r  d i p  on  a  p o r t i o n  o f  s u c h  a

r e v e r s e d  movem ent.

As o u t l i n e d  p r e v i o u s l y  t h e  o v e r t h r u s t s  h a v e  a  s in u o u s  t r a c e  

i n  a  g iv e n  seam  d a tu m ; a  s im p le  g e o m e t r i c  f e a t u r e  r e s u l t i n g  

f rom  t h e  r e l a t i v e l y  s m a l l  v a r i a t i o n  i n  d i p  b e tw e e n  t h e  tw o .  

The m a j o r i t y  o f  o v e r t h r u s t s  d i p  i n  a  s o u t h - w e s t e r l y  d i r e c t i o n  

t h e  same a s  t h e  b e d s ,  w h ic h  a l s o  c o n t r i b u t e s  t o  t h e i r  s i n u o u s  

t r a c e .  The o v e rw h e lm in g  m a j o r i t y  t r e n d  n o r t h - w e s t  t o  s o u t h 

e a s t  a s  can  be s e e n  on  a n y  o f  t h e  s t r u c t u r a l  p l a n s .  I n  f a c t  

a n  e x a m in a t io n  o f  o l d  w o rk in g  p l a n s  w i l l  r e v e a l  e x c e p t i o n s  

t o  t h e  g e n e r a l  p a t t e r n  o f  o v e r t h r u s t i n g  i n  a l m o s t  e v e r y  seam  

t h a t  h a s  b e e n  w o rk ed .  One s u c h  e x c e p t i o n  c a n  be s e e n  a t  

t h e  Red V ein  h o r i z o n  w here  a 26m o v e r t h r u s t  i s  p r e s e n t  

(SN 281205; w h ic h  s t r i k e s  i n  t h e  same d i r e c t i o n  a s  t h e  

r e g i o n a l  t r e n d ,  b u t  w h ich  i s  o v e r t h r u s t  n o r t h  o v e r  s o u t h ,  

i . e .  t h e  p l a n e  o f  movement d ip s  to w a rd s  t h e  n o r t h .  T h is  

o v e r t h r u s t  i s  one o f  t h e  l a r g e s t  e x c e p t i o n s  t o  t h e  r e g i o n a l  

p a t t e r n .

E ls e w h e re  s m a l l  o v e r t h r u s t s  ( th ro w  up  t o  3mJ c a n  be fo u n d  

s t r i k i n g  n o r t h - s o u t h  and  w i t h  movement b o t h  to w a r d s  t h e  e a s t  

and  w e s t ;  o t h e r s  s t r i k e  j u s t  w e s t  o f  n o r t h  a n d  o v e r t h r u s t  

to w a rd s  t h e  w e s t ;  w h i l e  y e t  o t h e r s  t r e n d  e a s t - w e s t  o v e r 

t h r u s t i n g  e i t h e r  t o  t h e  n o r t h  o r  s o u t h .  T h u s ,  o v e r t h r u s t s  

a r e  p r e s e n t  w i t h  a  v a r i e t y  o f  t r e n d s  an d  d i r e c t i o n s  o f  move

m ent c l e a r l y  r e f l e c t i n g  l o c a l  v a r i a t i o n s  i n  t h e  o r o g e n i c

f o r c e s  and  l o c a l  v a r i a t i o n s  i n  t h e  r e s p o n s e  t o  t h o s e  f o r c e s .
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H aving s a i d  t h a t ,  t h e  m a j o r i t y  o f  o v e r t h r u s t s  f o l l o w  th e  

r e g i o n a l  p a t t e r n  an d  a l m o s t  a l l  t h e  l a r g e  o v e r t h r u s t s  

f o l l o w  i t .  I n  summing t h e  am o u n t o f  s h o r t e n i n g  one c a n  s e e  

t h a t  t h e  m ain  movement was one o f  b e d s  f ro m  t h e  s o u t h  an d  

s o u th - w e s t  o v e r r i d i n g  t h e i r  n o r t h e r n  n e i g h b o u r s .

The o v e r t h r u s t i n g  i s  c o n f i n e d  b e tw e e n  t h e  l a r g e  n o rm a l  

f a u l t s :  t h e  c l e a r e s t  i l l u s t r a t i o n  o f  t h i s  c a n  be s e e n  by 

co m n a r in g  t h e  d e g r e e  o f  o v e r t h r u s t i n g  on e i t h e r  s i d e  o f  t h e  

N ant I.îarl F a u l t .  7 /h i le  i t  h a s  t o  be a d m i t t e d  t h a t  t h e r e  

w ere  no e x p l o r a t i o n  b o r e h o l e s  on t h e  w e s t  s i d e  o f  t h i s  f a u l t ,  

s e v e r a l  seams h av e  b e e n  w orked  i n  t h i s  a r e a  and  none o f  th e  

w o rk in g s  h as  e n c o u n t e r e d  a n y t h i n g  l i k e  t h e  d e g r e e  o f  o v e r 

t h r u s t i n g  s e e n  i n  t h e  m e a s u re s  on th e  e a s t  s i d e .  The 

d i f f e r e n c e  i s  n o t  m e r e ly  a  d i f f e r e n c e  i n  t h e  q u a l i t y  o f  

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

re g im e  e x i s t i n g  on  e i t h e r  s i d e  o f  t h i s  f a u l t .

The same r e l a t i o n s h i p  c a n  be f u r t h e r  i l l u s t r a t e d  i n  d e t a i l  

by e x a m in in g  t h e  l a r g e  o v e r t h r u s t  p a s s i n g  t o  t h e  n o r t h - e a s t  

T r e f o r g a n  B o re h o le  No.3  an d  w h ich  i n t e r s e c t e d  t h e  b o r e h o l e .  

T h is  o v e r t h r u s t  d id  n o t  i n t e r s e c t  t h e  m ain  d r i v a g e s  a t  

T r e f o r g a n  C o l l i e r y  b e c a u s e  i t  o n ly  e x i s t s  b e tw e e n  t h e  N an t 

I f e r l  F a u l t  and  th e  n e x t  l a r g e  n o rm a l  f a u l t  t o  t h e  e a s t  ( s e e  

F i g . 3 . 2 7 t h e  same n a t t e r n  c a n  be s e e n  a c r o s s  t h e  a r e a .

Each o f  t h e  f a u l t  b l o c k s  c r e a t e d  by t h e  m ain  n o rm a l  f a u l t s  

h a s  become o v e r t h r u s t e d , b u t  t h e  d e t a i l  o f  o v e r t h r u s t i n g  i n  

e a c h  b lo c k  v a r i e s .
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In  p l a n ,  o v e r t h r u s t s  a r e  p r e s e n t  a c r o s s  t h e  w hole  a r e a  

f ro m  t h e  Tawe V a l l e y  D i s t u r b a n c e  t o  t h e  V ale  o f  N e a th  

D i s t u r b a n c e .  A. 1 th o u g h  t h e  th ro w  v a r i e s  f a i r l y  r a p i d l y  

a l o n g  a n  o v e r t h r u s t ,  b o t h  i n c r e a s i n g  a n d  d e c r e a s i n g  i n  t u r n  

i n  t h e  same d i r e c t i o n ,  a l l  t h e  o v e r t h r u s t s  i n c r e a s e  t h e i r  

t h ro w  d r a s t i c a l l y  a s  t h e  V ale  o f  N e a th  D i s t u r b a n c e  i s  

a p p r o a c h e d  ( s e e  P i g . 3 . 2 8 ) .  T h i s  d i s t o r t i o n  o f  t h e  m e a s u re s  

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

s t r a t a  a n d  a  s h a r p  c h a n g e  i n  t h e  d i r e c t i o n  o f  d i p .  The 

o v e r t h r u s t s  m ee t b o t h  C ^ le d o n o id  s t r u c t u r e s  a t  c l o s e  t o  a  

r i g h t  a n g l e  ; t h i s  i s  i n  m arked  c o n t r a s t  t o  t h e  l a r g e  o v e r -  

t h r u s t s  (up  t o  180m) on  t h e  s o u t h e r n  s i d e  o f  t h e  V ale  o f  

N e a th  D i s t u r b a n c e  w h ic h  a r e  g e n e r a l l y  p a r a l l e l  t o  t h e  V ale  

o f  N e a th  D i s t u r b a n c e .  T h is  w i l l  be d i s c u s s e d  i n  t h e  n e x t  

c h a p t e r  d e a l i n g  w i t h  t h e  V ale  o f  N e a th  D i s t u r b a n c e .

The b e h a v i o u r  o f  o v e r t h r u s t s  a l s o  v a r i e s  i n  c r o s s - s e c t i o n  

a s  t h e y  d i s t o r t  b e d s  o f  v a r y i n g  l i t h o l o g y  a n d  t h e r e f o r e  

v a r y i n g  e n g i n e e r i n g  p r o p e r t i e s .  A.s a  g e n e r a l  r u l e  o v e r 

t h r u s t s  i n c r e a s e  i n  f r e q u e n c y  a n d  s o m e t im e s  i n  s i z e  w i t h  

d e p t h ,  t h i s  c a n  be c l e a r l y  s e e n  i n  P i g . 3 . 2 9 ,  a  c r o s s - s e c t i o n  

t h r o u g h  t h e  m a in  b e l t  o f  o v e r t h r u s t i n g .  A l th o u g h  t h i s  

p a r t i c u l a r  b e l t  o f  o v e r t h r u s t i n g  i s  u n i q u e ,  a s  d e t a i l e d  

e a r l i e r ,  i t  p r o v i d e s  a  u s e f u l  ex am p le  o f  t h e  b e h a v i o u r  o f  

o v e r t h r u s t s  b e c a u s e  o f  t h e  a m o u n t o f  good  q u a l i t y  i n f o r m 

a t i o n  a v a i l a b l e  f o r  i t .  The o b s e r v a t i o n s  ^ d e  a b o u t  t h i s  

b e l t  o f  o v e r t h r u s t i n g  a p p l y  t o  t h e  a r e s  a s  a  w h o le ,  a l t h o u g h  

t h i s ,  i s  c e r t a i n l y ,  t h e  m o s t  i n t e n s e l y  d i s t u r b e d  zone o f  o v e r 

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

n a t u r e  o f  o v e r t h r u s t i n g .  O v e r t h r u s t s  t e n d  t o  be d i s c r e t e ,  

s i n g l e - p l a n e  d i s t u r b a n c e s  i n  s t r o n g e r  (more a r e n a c e o u s ;  

m e a s u re s  and  t h e i r  d i p  t e n d s  t o  v a r y  b e tw e e n  30^ 45°*

A.S one p a s s e s  down t h r o u g h  t h e  s e q u e n c e  f ro m  t h e  Red V e in  

t h e  t h i c k n e s s  an d  f r e q u e n c y  o f  s a n d s t o n e  an d  s i l t s t o n e  b e d s  

d e c r e a s e s , w h i l e  c o a l  and  s e a t e a r t h s  fo rm  a  much h i g h e r  

p r o p o r t i o n  o f  t h e  t o t a l .  P a r a l l e l i n g  t h i s  c h an g e  t h e  

num ber o f  t h r u s t  p l a n e s  i n c r e a s e s  downwards and  th e  t o t a l  

am ount o f  o v e r t h r u s t i n g  a l s o  i n c r e a s e s  downwards f ro m  t h e  

Red V ein  to  t h e  N ine F e e t  Seam. The o v e r a l l  w id th  o f  t h e  

b e l t  o f  o v e r t h r u s t i n g  i s  g r e a t e r  i n  t h e  N ine F e e t  Seam t h a n  

i n  t h e  Red V e in ,  b u t  t h i s  may n o t  be e n t i r e l y  a  f u n c t i o n  o f  

g r e a t e r  d e f o r m a t i o n ,  b u t  may, i n  p a r t ,  be  a  s im p le  f u n c t i o n  

o f  t h e  g e o m e try  o f  t h e  t h r u s t  b e l t  a s  i t  i s  a f f e c t e d  by 

r e f r a c t i o n  a s  t h e  o v e r t h r u s t s  p a s s  t h r o u g h  d i f f e r e n t  

l i t h o l o g i e s ,  t h i s  c a n  be r e a d i l y  s e e n  on t h e  c r o s s - s e c t i o n  

( F i g . 3 .2 9  J .

The s e c t i o n  p l a i n l y  d e m o n s t r a t e s  t h e  v a r i a b i l i t y  i n  t h e  

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

them  by n o rm a l f a u l t s .  On a  r e g i o n a l  b a s i s  t h e  v a r i a t i o n  

i n  t h e  d in  c a n  be t a k e n  a s  30 ^ t o  45° f o r  r e v e r s e  f a u l t s  

and  18*  ̂ to  30° f o r  o v e r t h r u s t s .  H ow ever, a l t h o u g h  t h i s  may 

c o v e r  th e  m a j o r i t y  o v e r t h r u s t s  c a n  h av e  a n  e v e n  lo w e r  d i p ,  

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

th e  d i p  o f  t h e  b e d s î  t h i s  c a n  be d e m o n s t r a t e d  f ro m  t h e  

s o u t h  d e v e lo p m e n t  a t  T r e f o r g a n  C o l l i e r y  (SN 2 7 9 2 0 6 ) .  H ere 

a r e v e r s e d  f a u l t  p ro v e d  a t  t h e  F o u r  F e e t  Seam h o r i z o n  was 

e n c o u n te r e d  i n  a l a t e r  m in in g  d e v e lo p m e n t  i n  t h e  U pper N ine
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■Diagrammatic Cross-Sections Tn lUustratp  
The Influence Of Sandstones Upon Overthrusts

-  Not Drawn To Scale .-

Qverthrust- Passing Through A Thin Sandstnne Bed

Overthrust runs along the base of the sandstone by 
means of bedding plane slip until it displaces the sandstone 
at a convenient joint.

2. Overthrust Limited By Sandstone.

L TZ ‘ ■ 1 II -i-

Overthrust runs out along the base of the sandstone 
by means of bedding plane slip.

3.Overthrust Limited Within A Sandstone

Overthrust displaces lowest bed of sandstone and is 
absorbed within the sandstone by bedding plane slio

Figure 3.30



F ee t  -Seam. At t h i s  lo w e r  h o r i z o n  th e  d ip  o f  th e  p la n e  o f  

th e  o v e r t h r a s t  was a lm o s t  h o r i z o n t a l  and v e ry  c lo s e  to  th e  

d in  o f  th e  s t r a t a .  The s t r u c t u r e  r e s u l t e d  i n  a  wide zone 

o f  s h e a re d  m easures  a t  th e  h o r i z o n  o f  th e  Unper Nine F e e t  

Seam su ch  t h a t  th e  h o r i z o n  o f  th e  seam was a lm o s t  

u n r e c o g n is a b le  a s  a bed o f  c o a l .  The d e t a i l s  o f  t h i s  o v e r 

t h r u s t  a r e  d e s c r ib e d  in  more d e t a i l  i n  th e  f o l lo w in g  

c h a n te r  on in c o m n e te n t  s t r u c t u r e s .

F u r th e r  exam nles o f  o v e r t h r u s t s  d i s t u r b i n g  f a i r l y  wide bands 

o f  s t r a t a  can  be s e e n  in  t h e  G-urnos C o l l i e r y  w ork ings  to  th e

west o f  th e  N ant M arl F a u l t .  There a re  a  number o f  wide

c o r r i d o r s  o f  unworked c o a l  i n  th e s e  w ork ings w h ich , though

l e s s  w e l l  docum ented , a n p e a r  to  be exam nles o f  th e  same

s o r t  o f  b e h a v io u r  by o v e r t h r u s t s .

L i th o lo g y  and th e  a s s o c i a t e d  e n g in e e r in g  n r o p e r t i e s  o f  th e  

s t r a t a  i n f lu e n c e  th e  b e h a v io u r  o f  o v e r t h r u s t s  i n  more th a n  

one way. In  a d d i t i o n  to  th e  g r o s s  e f f e c t s  o f  r e f r a c t i o n  

d e s c r ib e d  above t h e r e  a r e  s m a l l e r  s c a l e  i n f l u e n c e s  a c h ie v e d  

as t h i n  beds o f  s a n d s to n e  e x e r t  a c o n t r o l  o v e r  s m a l l  o v e r 

t h r u s t s .  The m u d s to n es ,  c o a l  seams and s e a t e a r t h s  deform  

and a re  d i s n l a c e d  by th e  o v e r t h r u s t s ,  th e  l a t t e r  h a v in g  a 

d in  betw een 18^ and 3 0 ° .  S an d s to n e  beds  r e s i s t  th e  

s t r u c t u r a l  f o r c e s  and a re  n o t  d i s p l a c e d :  th e  t h r u s t  p la n e s  

run  a lo n g  th e  s a n d s to n e /m u d s to n e  i n t e r f a c e  u n t i l  a 

c o n v e n ie n t  weakness su c h  a s  a j o i n t  i s  e n c o u n te re d  ( se e  

F i g . 3 , 3 0 ) .  The o v e r t h r u s t  th e n  p a s s e s  a lo n g  th e  j o i n t  and 

c o n t in u e s  th ro u g h  th e  m easu res  on th e  o t h e r  s id e  o f  th e  

s a n d s to n e  a t  th e  u s u a l  d i n .  S hou ld  th e  s a n d s to n e  bed n o t

I 5 9
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c o n t a i n  any s u i t a b l e  w e a k n e s s e s ,  o r  be to o  t h i c k ,  t h e  

o v e r t h r u s t  may r u n  a lo n g  t h e  b e d d in g  a t  t h e  t o p  o r  b o t to m  

o f  a bed  o f  s a n d s t o n e ;  t h e  movement b e i n g  a b s o r b e d  by 

b e d d in g  p la n e  s l i p  ( s e e  F i g . 3 . 5 0 ) .  I n  so  d o in g  t h e  o v e r 

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

s a n d s t o n e ;  b u t  w i l l  f a i l  t o  d i s l o c a t e  t h e  s a n d s to n e  a s  a  

w hole ( s e e  F i g . 3 . 3 0 j .

S a n d s to n e s  may have  a f u r t h e r  i n f l u e n c e  uno n  o v e r t h r u s t s  

and  t h a t  i s  i n  r e d u c i n g  t h e  d i s p l a c e m e n t  a lo n g  t h e  o v e r 

t h r u s t ,  The o v e r t h r u s t  p a s s i n g  t o  t h e  n o r t h - e a s t  o f  

T r e f o r g a n  B o re h o le  N o .3 h a s  a th ro w  o f  10m i n  t h e  U pper 

N ine F e e t  Seam. The same d i s t u r b a n c e  was o b s e rv e d  i n  

d r i v a g e s  i n  t h e  Bute Se^m a p p r o x i m a t e l y  40m b e low  w here 

t h e  th ro w  was m e a su re d  and  fo u n d  to  be o n l y  Im: t h e r e  a r e  

t h i c k  s a n d s t o n e s  i n  th e  m e a s u re s  b e tw e e n  t h e  two s e a m s :  

t h e  much r e d u c e d  th ro w  o f  t h e  f a u l t  i n  t h e  Bute Seam 

a p p e a r s  to  r e s u l t  from  t h e  c o m p e te n c e  o f  t h e  s a n d s t o n e .  

S i m i l a r  e x a m p le s  c a n  be fo u n d  i n  o t h e r  p a r t s  o f  t h e  a r e a  

and a t  o t h e r  s t r a t i g r a p h i e  h o r i z o n s :  t h i s  s t r u c t u r a l

f e a t u r e  i s  i l l u s t r a t e d  i n  F i g . 3 . 3 1 .

One of the significant influences of lithology uPon 
structure results from the interactions outlined above.
The c o n c e p t  o f  t e c t o n i c  r e g im e s  v a r y i n g  f ro m  one a r e a  to  

a n o t h e r  i s  b a s e d  upon  e v e n  t h e  m o s t  e l e m e n t a r y  o b s e r v a t i o n s ;  

h o w e v e r ,  th e  c o n t r o l  i n f l u e n c e d  o v e r  o v e r t h r u s t s  by s a n d 

s to n e  d e v e lo p m e n ts  p r o d u c e s  t h e  c o n c e p t  o f  t e c t o n i c  r e g im e  

v a r y i n g  s t r a t i g r a p h i c a l l y , n o t  i n  t h e  t im e  s e n s e ,  b u t  a s  

a  r e s u l t  o f  g r o s s  l i t h o l o g i c a l  c o n t r o l .  T h is  c a n  be o b s e r v e d  

on two s c a l e s .
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O n  a  g r o s s  s c a l e  a n  e x a m i n a t i o n  o f  t h e  s t r u c t u r e s  a t  e a c h  

o f  t h e  t h r e e  h o r i z o n s  a s  d e t a i l e d  i n  s e c t i o n s  3 . 2 . 1  a n d

3 .5  i n d i c a t e s  t h a t  t h e  d e g r e e  o f  o v e r t h r u s t i n g  i s  f a r  g r e a t e r  

i n  t h e  N i n e  F e e t  S e a m  t h a n  i n  t h e  R e d  V e i n  a n d  i s  a l m o s t  

a b s e n t  i n  t h e  N o . 2  R h o n d d a  S e a m  ( s e e  a l s o  F i g . 3 . 2 9 ) .  T h i s  

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

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

i s  l e f t  w i t h  a  p i c t u r e  o f  h i g h l y  d i s t u r b e d ,  o v e r t h r u s t e d  

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

s e n u e n c e  w h i c h  i s  s u b j e c t  t o  o n l y  s l i g h t  o v e r t h r u s t i n g  a n d  

w h e r e  d i p s  a r e  f a i r l y  r e g u l a r .  T h e s e  t w o  d i f f e r i n g  

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

t e c t o n i c  p r e s s u r e s  a l t h o u g h  t h e  r o c k s  d o ,  o f  c o u r s e ,  h a v e  

v e r y  d i f f e r e n t  e n g i n e e r i n g  p r o p e r t i e s .

On a s m a l l e r  s c a l e  l o c a l i s e d  b e l t s  o f  o v e r t h r u s t i n g  c a n  be 

l i m i t e d  i n  m u d s to n e  an d  c o a l  s e q u e n c e s  s a n d w ic h e d  b e tw e e n  

s a n d s to n e  d e v e lo p m e n t s .  T h is  i s  d i a g r a m m a t i c a l l y  shown i n  

F i g . 3 . 3 2 , a l t h o u g h  a c t u a l  e x a m p le s  may v a r y  g r e a t l y  i n  

a p p e a r a n c e .  Such  l o c a l i s e d  d i s t u r b a n c e s  t e n d  t o  be lum ped 

t o g e t h e r  u n d e r  t h e  u m b r e l l a  t e r m s  ' c o m p r e s s i o n a l * ,  

’ i n c o m p e t e n t ’ o r  ’a d j u s t m e n t ’ s t r u c t u r e s ,  w h ich  a r e  f u l l y  

d i s c u s s e d  i n  a  l a t e r  c h a p t e r .

In  te rm s  o f  p r e d i c t i n g  t h e  b e h a v i o u r  o f  o v e r t h r u s t s , h a v in g  

e n c o u n te r e d  s u c h  a  d i s t u r b a n c e  a t  a  p a r t i c u l a r  h o r i z o n ,  one 

n e e d s  t o  b e a r  i n  m ind th e  f o l l o w i n g  o b s e r v a t i o n s :

( i )  The o v e r t h r u s t  w i l l  h av e  a  s in u o u s  t r a c e  i n  any  

seam b e c a u s e  t h e  o v e r t h r u s t  a n d  t h e  s t r a t a  h av e  

d ip s  w h ich  a r e  c l o s e  t o  e a c h  o t h e r .
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( i i )  T h e  t h r o v /  m a y  v a r y  r a p i d l y  a l o n g  i t s  l e n g t h  

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

N e a t h  D i s t u r b a n c e  i s  a p p r o a c h e d ,

( i i i ;  T h e  d e g r e e ,  s i z e  a n d  f r e q u e n c y  o f  o v e r t h r u s t s  

d e c r e a s e s  f r o m  t h e  l o w e r  a r g i l l a c e o u s  m e a s u r e s  

u p w a r d s  t o w a r d s  t h e  P e n n a n t  s a n d s t o n e  c a p .

( i v )  A n  e x a m i n a t i o n  o f  t h e  l o c a l  d e t a i l s  o f  t h e  

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

o v e r t h r u s t i n g  m a y  b e  c o n t a i n e d  w i t h i n  b o u n d i n g  

s a n d s t o n e  d e v e l o p m e n t s .  A s  t h i c k  m u d s t o n e ,  c o a l  

a n d  s e a t e a r t h  d e v e l o p m e n t s  a r e  a p p r o a c h e d  t h e  

o v e r t h r u s t  m a y  r e m a i n  c l o s e  t o  s u c h  a  d e v e l o p m e n t  

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

r a s h i n g s .

( v ;  T h e  o v e r w h e l m i n g  m a j o r i t y  o f  o v e r t h r u s t s  t r e n d  

a p p r o x i m a t e l y  n o r t h - w e s t  t o  s o u t h - e a s t  a n d  d i p  

t o w a r d s  t h e  s o u t h - e a s t ;  b u t  e x c e p t i o n s  c a n  b e  

f o u n d  a t  a l m o s t  e v e r y  h o r i z o n .

( v i )  T h e r e  i s  f a r  m o r e  o v e r t h r u s t i n g  o n  t h e  e a s t  s i d e  

o f  t h e  N a n t  M a r l  F a u l t  t h a n  o n  t h e  w e s t  s i d e .
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CmPTER 4

T h e  V a l e  O f  N e a t h  D i s t u r b a n c e

T h e  p u r p o s e  o f  t h i s  c h a p t e r  i s  t o  d e s c r i b e  t h e  V a l e  o f  N e a t h  

D i s t u r b a n c e  a s  i t  i s  f o u n d  w i t h i n  t h e  a r e a  o f  s t u d y  a n d  t o  

m a k e  c o m m e n t s  a n d  c o m p a r i s o n s  w i t h  t h e  S w a n s e a  V a l l e y  

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

r e l a t e d  t o ,  o r  a f f e c t e d  b y  t h e s e  l a r g e  n o r t h - e a s t  t o  s o u t h 

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

e v o l u t i o n  o f  t h i s  a r e a ,  i n c l u d i n g  t h e  V a l e  o f  N e a t h  a n d  T a w e  

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

e n d  o f  t h i s  t h e s i s .

I n  t h e  d e s c r i p t i o n  o f  s t r u c t u r e s  c o n t a i n e d  i n  t h i s  c h a p t e r  t w o  

f a u l t  t r e n d s  a r e  p a r a m o u n t :  o n e  t r e n d i n g  n o r t h - n o r t h - w e s t  t o  

s o u t h - s o u t h - e a s t  a n d  a  s e c o n d  t r e n d i n g  n o r t h - e a s t  t o  s o u t h 

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

f a u l t s  i n  t h i s  a r e a  a n d  i s  h e r e a f t e r  r e f e r r e d  t o  a s  ' C h a m o i d ’ ;  

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

V a l e  o f  N e a t h  D i s t u r b a n c e ,  i s  h e r e a f t e r  r e f e r r e d  t o  a s  

’ O a l e d o n o i d ’ ,  I t  i s  e m p h a s i s e d  t h a t  b o t h  t e r m s  a r e  u s e d  i n  

t h i s  t h e s i s  a s  c o n v e n i e n t  d e s c r i p t i v e  t e r m s  r e l a t i n g  t o  t h e  

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

g e n e o l o g y  o f  t h e  f a u l t s ,

T h e  O a l e d o n o i d  d i s t u r b a n c e s  i n  t h e  S o u t h  W a l e s  C o a l f i e l d  a r e  

s o  p r o m i n e n t  t h a t  m a p y  a u t h o r s  h a v e  c o m m e n t e d  u p o n  t h e m .
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A n  e a r l y  h y p o t h e s i s  s u g g e s t e d  t h a t  O a l e d o n o i d  d i s t u r b a n c e s  

l i k e  t h e  V a l e  o f  N e a t h  w e r e  t h e  r e s u l t  o f  M i o c e n e  e a r t h  

m o v e m e n t s  ( S t r a h a n  1 9 0 2 ) .  M u c h  w o r k  h a s  b e e n  d o n e  o n  t h e  

V a l e  o f  N e a t h  D i s t u r b a n c e  a n d  o t h e r  O a l e d o n o i d  s t r u c t u r e s  b y  

t h e  g e o l o g i s t s  o f  t h e  G e o l o g i c a l  S u r v e y ,  B y  1 9 1 6  C a n t r i l l  e t  

a l .  w e r e  s u g g e s t i n g  t h a t  t h e s e  O a l e d o n o i d  f a u l t s  a n d  f o l d s  

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

' a g e :  O a n t r i i l  e t  a l ,  d e s c r i b e d  t h e  s t n ^ c t u r e s  i n  t h e  1 9 1 6

M i l f o r d  m e m o i r .  ' T h e  i d e a  w a s  l a t e r  e n d o r s e d ; b y  T . N . -  •

• R o b e r t s o n  ( 1 9 5 2 9 ' ^  T . N , '  G e o r g e  ( 1 9 4 0 ) ,  E , M ,  A n d e r s o n  ( 1 9 4 2 )  a n d  

b y  P . M .  T r o t t e r  ( 1 9 4 7 ) .  I n  a  d e t a i l e d  s t u d y  o f  t h e  V a l e  o f  

N e a t h  D i s t u r b a n c e  T . R .  O w e n  ( 1 9 5  3 )  p o i n t e d  o u t  t h a t  t h i s  

d i s t u r b a n c e  e x t e n d s  b e y o n d  t h e  c o a l f i e l d  i n  a  n o r t h - e a s t e r l y  

d i r e c t i o n  a n d  c a n  b e  t r a c e d  a c r o s s  N a m u r i a n ,  A v o n i a n  a n d  

D e v o n i a n  s t r a t a .  C l e a r l y ,  s i n c e  i t  a f f e c t s  m e a s u r e s  f r o m  t h e  

D e v o n i a n  u p  t o  a t  l e a s t  t h e  C o a l  M e a s u r e s ,  t h e r e  m u s t  h a v e  b e e n  

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

U n f o r t u n a t e l y  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  r u n s  a l o n g  t h e  

b o t t o m  o f  t h e  V a l e  o f  N e a t h  ( h e n c e  i t  s  n a m e ) .  T h i s  d e e p l y  

s c o u r e d  U - s h a p e d  v a l l e y  c o n t a i n s  t h i c k  g l a c i a l  d e p o s i t s  w h i c h  

N a t i o n a l  C o a l  B o a r d  b o r e h o l e s  h a v e  s h o r n  t o  b e  a t  l e a s t  6 0 m  

t h i c k  i n  p l a c e s .  T h e s e  t h i c k  s u p e r f i c i a l  d e p o s i t s  p r e v e n t  

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

a s  i t  c r o s s e s  t h e  C o a l  M e a s u r e s ,  F u r t h e r ,  b e c a u s e  o f  t h e  

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

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

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

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

b y  s u c h  a n  o b s e r v a t i o n .  H o w e v e r ,  t h e  l i m i t e d  T r i a s s i c  b e d s  

o v e r l y i n g  t h e  C o a l  M e a s u r e s  i n  S o u t h  W a l e s  a r e  l i t t l e  

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

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

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

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

d u r i n g  A r m o r i c a n  t i m e s .  T h i s  w o u l d  n o t  p r e c l u d e  t h e  

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

i t  p r e c l u d e  s u b s e q u e n t  m o v e m e n t .  I n d e e d  o n e  w o u l d  e x p e c t  

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

o t h e r  C a l e d o n o i d  d i s t u r b a n c e s  a r e  d e e p - s e a t e d  a n d  a n c i e n t .

4,2 D e t a i l s  O f  S t r u c t u r e s

I n  o r d e r  t o  g a i n  a n  i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e s e  

C a l e d o n o i d  s t r u c t u r e s  a  s e r i e s  o f  1 : 5 , 0 0 0  o u t l i n e  s t r u c t u r e  

p l a n s  o f  t h e  a r e a  h a v e  b e e n  p r e p a r e d .  T h e  p l a n s  a r e  i n t e n d e d  

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

d i s t u r b a n c e s ,  p r i n c i p a l l y  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e .  T o  

t h e  s o u t h - w e s t  o f  t h e  a r e a  i l l u s t r a t e d  o n  t h e s e  p l a n s  t h e r e  

a r e  n o  w o r k i n g s  n e a r  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  t o  b e  

s t u d i e d  a n d  h e n c e  t h e  p l a n s  h a v e  b e e n  c u r t a i l e d .  E x t e n s i v e  

w o r k i n g s  h a v e  t a k e n  p l a c e  f r o m  t h e  o u t c r o p s ;  t h e y  p e r s i s t  

w e s t w a r d s  f o r  s o m e  7  k m .  o r  s o ,  p r o v i d i n g  r e a s o n a b l e  

s t r u c t u r a l  i n f o r m a t i o n .  C o a l  e x p l o i t a t i o n  a l o n g  t h e  N e a t h  

V a l l e y  h a s  b e e n  m o r e  e x t e n s i v e  o n  t h e  n o r t h  s i d e  o f  t h e  

d i s t u r b a n c e  t h a n  o n  t h e  s o u t h  s i d e  a n d  t h e  s t r u c t u r a l
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r
i n f o r m a t i o n  a v a i l a b l e  r e f l e c t s  t h e  d i f f e r e n c e s .  A s  i n  t h e  

c h a p t e r  d e a l i n g  w i t h  s t r u c t u r e ,  p l a n s  h a v e  b e e n  p r e p a r e d  a t  

t h e  t h r e e  d a t a  s e l e c t e d :  t h e  N i n e  F e e t  S e a m ,  t h e  R e d  V e i n  

a n d  a t  t h e  N o . 2  R h o n d d a  S e a m .  T h i s  e n a b l e s  s t r u c t u r a l  

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

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

t h e  C a l e d o n o i d  d i s t u r b a n c e s ,  t h e  s m a l l e r ,  m o r e  d e t a i l e d  

v a r i a t i o n s  i n  i n d i v i d u a l  d i s t u r b a n c e s  h a s  b e e n  d e a l t  w i t h  i n  

C h a p t e r  3 ,  d e a l i n g  w i t h  * S t r u c t u r e * ,  a n d  s u c h  d e t a i l s  w i l l  

n o t  b e  r e p e a t e d  i n  t h i s  c h a p t e r .

W h a t e v e r  t h e  f i n a l  i n t e r p r e t a t i o n  o f  t h e  V a l e  o f  N e a t h  

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

A c o m p a r i s o n  o f  t h e  m e a s u r e s  l y i n g  i n  j u x t a p o s i t i o n  a c r o s s  

t h e  d i s t u r b a n c e  s u g g e s t s  a n  e f f e c t i v e  d o ' w n t h r o w  o f  s o m e  350m ,  

C o n c l u s i o n s  r e l a t i n g  t o  a n y  t e a r i n g  c o m p o n e n t  o f  t h e  

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

t h e  t h e s i s .

, 4 .2 . 1  D e t a i l s  O f  C a l e d o n o i d  S t r u c t u r e s  I n  T h e  N i n e  F e e t  S e a m

I t  i s  a t  t h i s  l o w e s t  d a t u m  t h a t  t h e  m o s t  i n f o r m a t i o n  i s  

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

o u t c r o p  l i e s  f a r t h e s t  t o  t h e  e a s t ,  p r o v i d i n g  t h e  l a r g e s t  

a r e a  o f  s t u d y .  I t  i s  a l s o  t h e  s e a m  w o r k e d  m o s t  e x t e n s i v e l y  

n e a r  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  a n d  s o  y i e l d s  t h e  m o s t  

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

O f  t h e  t h r e e  s e a m s  c h o s e n  i t  i s  a l s o  t h e  o n e  w o r k e d  m o s t  

e x t e n s i v e l y  o n  b o t h  s i d e s  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e ,  

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

d i s t u r b a n c e .
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T h e  f i r s t  s t r i k i n g  d i f f e r e n c e  a c r o s s  t h e  V ^ l e  o f  N e a t h  

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

s t r a t a .  T o  t h e  s o u t h  o f  t h e  d i s t u r b a n c e  t h e  s t r a t a  f o l l o w  

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

d i p  t o w a r d s  t h e  s o u t h .  T h e  a r e a  i s  b r o k e n  b y  l a r g e  C h a m o i d  

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

t h r o w  a l o n g  i n d i v i d u a l  f a u l t s  v a r i e s , r e s u l t i n g  i n  t w i s t i n g  

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

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

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

a r e  g e n e r a l l y  l o w ,  b e t w e e n  3 °  a n d  1 0 ° ,  b u t  s t e e n e n  s h a r p l y  

w i t h i n  5 0 0 m  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  w h e r e  t h e y  a r e  

f r e q u e n t l y  b e t w e e n  4 5 ®  a n d  6 0 ® .  W i t h i n  t h i s  s t e e n l y  d i n n i n g  

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

p a r a l l e l  t o  t h e  C a l e d o n o i d  t r e n d .

N o r t h  o f  t h e  V a l e  o f  N e . i t h  D i s t u r b a n c e  i n  t h a t  b l o c k  o f  t h e  

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

t h e  g e n e r a l  d i p  i s  t o  t h e  s o u t h - w e s t  a n d  i s  g e n e r a l l y  o f  t h e  

o r d e r  o f  7 ® .  H o w e v e r ,  t h e  d i r e c t i o n  o f  d i p  d o e s  v a r y  a c r o s s  

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

S w a n s e a  V a l l e y  D i s t u r b a n c e ;  i t  i s  t o w a r d s  t h e  s o u t h - w e s t  i n  

t h e  m i d d l e  o f  t h e  b l o c k  t r / i s t i n g  t o  d i n  s o u t h - w e s t  p a r a l l e l  t o  t h e  

V a l e  o f  N e a t h  D i s t u r b a n c e  w i t h i n  1 k m .  o f  i t .  A g a i n ,  a s  o n  

t h e  s o u t h  s i d e  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e ,  t h i s  g e n e r a l  

P a t t e r n  i n  t h e  d i p  i s  d i s t o r t e d  b y  t h e  l a r g e ,  n o r m a l  C h a m o i d  

f a u l t s  w h i c h  a f f e c t  t h e  a r e a  ( S e e  F i g . 4 , 1 ; .
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T h e  p a t t e r n  o f  f o l d s  a l s o  v a r i e s  a c r o s s  t h e  V a l e  o f  N e a t h  

D i s t u r b a n c e :  o n  t h e  s o u t h  s i d e  t h e r e  a r e  w e l l  f o r m e d  f o l d s  

w i t h  a  s h a l l o w  p l u n g e  t o  t h e  s o u t h  w e s t ,  a l l  t h e  f o l d s  h a v e  

t h e i r  a x e s  p a r a l l e l  t o  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e ,  T h e  

p o s i t i o n  a n d  n u m b e r  o f  f o l d  a x e s  v a r i e s  f r o m  o n e  f a u l t  b l o c k  

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

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

o f  t h e  f o l d  a x e s  v a r i e s .  A c r o s s  s o m e  o f  t h e  C h a r n o i d  f a u l t s ,  

t h e  f o l d s  m a y  b e  i n  j u x t a p o s i t i o n  t o  o v e r t h r u s t s .  T h e  f o l d s  

a n d  o v e r t h r u s t s  a r e  a l l  r o u g h l y  p a r a l l e l  t o  t h e  V a l e  o f  N e a t h  

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

C h a r n o i d  f a u l t s .

N o r t h  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  t h e  p a t t e r n  o f  f o l d i n g  

i s  i n  s t a r k  c o n t r a s t :  g e n t l e  f o l d s  h a v e  t h e i r  a x e s  p a r a l l e l  t o  

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

a n g l e s  t o  t h e  f o l d s  l y i n g  o n  t h e  s o u t h e r n  s i d e .  I n  f a c t  t h e  

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

t h e  m a j o r i t y  o f  f o l d s  h a v e  t h e  n o r m a l  f a u l t s  a s  t h e i r  a x e s .

I t  may be n o te d  t h a t  t h i s  p a t t e r n  o f  f o l d i n g  i s  i n  marked 

c o n t r a s t  to  t h a t  i n d i c a t e d  by .T .R .O w en (1 9 5 3 ) ,  who has  

i n d i c a t e d  t i g h t  f o l d s  i n  th e  C oal M easures  im m e d ia te ly  n o r t h  

o f  th e  Vale o f  N ea th  D is tu r b a n c e  i n  t h e  v i c i n i t y  o f  Aberpergwm 

C o l l i e r y  w i t h  t h e i r  axes  p a r a l l e l  to  th e  Vale o f  N eath  

D is tu r b a n c e  (See F i g . 4 . 2 ) .  One p resum es  t h a t  0-wen’s 

i n t e r p r e t a t i o n  i s  b a se d  upon f i e l d  o b s e r v a t i o n s ,  a l th o u g h  t h i s  

i s  n o t  s t a t e d  i n  h i s  p a p e r  (Owen 1953 , Page 3 4 2 ; ;  how ever, 

an e x a m in a t io n  o f  th e  c o n to u r s  of  t h e  Nine F e e t  Seam as worked 

a t  Aberpergwm C o l l i e r y  w i l l  r e v e a l  g e n t l e  f o l d s  as d e s c r ib e d  

in  t h i s  c h a p t e r  (See F i g . 3 . 5 ) .

1 6 8 .



^ ÿ » s;|î2 >
W

OJ OJ

> A :p .ü

Figure 4.2

J L



T h e  n a t u r e  o f  t h e  n o r m a l  C h a r n o i d  f a u l t s  i s  t h e  s a m e  o n  b o t h  

s i d e s  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e :  t h e  t r e n d  o f  t h e

f a u l t s  i s  t h e  s a m e ,  t h e  d i p  o f  f a u l t  p l a n e s  i s  a r o u n d  65® a n d  

t h e  m a j o r i t y  d o w n t h r o w  t o w a r d s  t h e  w e s t .  H o w e v e r ,  i f  o n e  

w e r e  t o  s e e k  a  m o r e  d e t a i l e d  c o m p a r i s o n  o f  t h e  C h a r n o i d  f a u l t s  

l y i n g  o n  e i t h e r  s i d e  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  o n e  

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

d a t e d  a n y  s u g g e s t e d  t e a r i n g  m o v e m e n t  w h i c h  m a y  h a v e  t a k e n  

p l a c e  a l o n g  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  t h e n  a  d e t a i l e d  

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

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

m o v e m e n t  t o  b e  d e t e r m i n e d .  T h e  d i f f i c u l t i e s  o f  s u c h  a  

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

f a u l t  i n  t h e  a r e a ;  t h e  G l y n c o r r w g  F a u l t ,  I f  i t  i s  a r g u e d  

t h a t  t h e  G l y n c o r r w g  F a u l t  d e p i c t e d  o n  b o t h  s i d e s  o f  t h e  V a l e  

o f  N e a t h  D i s t u r b a n c e  i s  t h e  s a m e  f a u l t ,  t h e n  t h e  t e a r i n g  

c o m p o n e n t  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  i s  a l m o s t  1 k m .  i n  

JL d e x t r a l  s e n s e .  H o w e v e r ,  s u c h  a  s i m p l e  c o m p a r i s o n  a c r o s s  

t h e  V a l e  o f  N e a t h  s o o n  e n c o u n t e r s  p r o b l e m s .  T h e  G l y n c o r r w g  

F a u l t  s o u t h  o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e  h a s  t w o  p r o m i n e n t  

n o r m a l  f a u l t s  t o  t h e  w e s t  a t  a p p r o x i m a t e  d i s t a n c e s  o f  1 k m .  

a n d  4 k m . ; b u t  s u c h  f a u l t s  a r e  n o t  p r e s e n t  n o r t h  o f  t h e  V a l e  

o f  N e a t h  D i s t u r b a n c e  ( S e e  F i g . 4 . 1 ; .  S o u t h  o f  t h e  V a l e  o f  

N e a t h  D i s t u r b a n c e  i t  i s  s o m e  4 k m .  b e f o r e  a  m a j o r  f a u l t  ( t h e  P e n  

y - C a s t e l l j  i s  e n c o u n t e r e d  t o  t h e  w e s t  o f  t h e  G l y n c o r r w g  

F a u l t ,  w h i l e  i t  i s  l e s s  t h a n  2 k m .  b e f o r e  t h e  P w l l a u - B a c h  

F a u l t  i s  e n c o u n t e r e d  t o  t h e  w e s t  o f  t h e  G l y n c o r r w g  F a u l t  n o r t h  

o f  t h e  V a l e  o f  N e a t h  D i s t u r b a n c e .  E v e n  i f  o n e  c o r r e l a t e s
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Faults In The The Vale Of Neath Disturbance
In The Area Betw een Pendervn And Cwmawrach.
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t h e  îVvllau Each F a u l t  w i t h  t h e  u n -n am ed  60m n o rm a l  f a u l t  l y i n g  

t o  th e  s o u t h  o f  th e  V ale  o f  N e a th  D i s t u r b a n c e  a  c o r r e l a t i o n  

a c r o s s  t h i s  C a l e d o n o id  d i s t u r b a n c e  r e m a in s  u n a t t a i n a b l e .  N o r th  

o f  th e  V ale o f  N e a th  D i s tu r b a n c e  t h e  n e x t  p r o m in e n t  n o rm a l  f a u l t  

t o  t h e  w e s t  o f  t h e  G ly n co rrw g  F a u l t  i s  t h e  N a n t  L 'a r l  F a u l t ,  

w h ic h  i s  some 7km. d i s t a n t ,  a  d i s t a n c e  t o t a l l y  u n r e c o n c i l e a b l e  

w i t h  t h e  4km. b e tw e e n  t h e  G ly n c o rrw g  and  P e n - y - G a s t e l l  F a u l t s  

s o u t h  o f  t h e  V ale  o f  N e a th .  I t  i s  s u g g e s t e d  h e r e  t h a t  t h e  

num ber and p a t t e r n  o f  n o rm a l  f a u l t s  i s  s u c h  t h a t  a  m a tch  c a n n o t  

be made a c r o s s  t h e  V ale  o f  N e a th  D i s t u r b a n c e .

T.R.Owen (1953) w e n t  t o  some l e n g t h  to  c o r r e l a t e  t h e  p a t t e r n  o f  

n o rm a l f a u l t s  l y i n g  on e i t h e r  s i d e  o f  t h e  V ale  o f  N e a th  

D is tu r b a n c e  i n  o r d e r  to  d e t e r m in e  i t  s t e a r  c o m p o n en t .  The 

c o m p a r iso n  was made b e tw e e n  th e  O ad er  Faw r F a u l t  and i t  s 

a s s o c i a t e d  f a u l t s  a s  f a r  w e s t  a s  G a e ’r  A rg lw ydd  F a u l t  (See F i g .  

4 . 4 ) ,  T h a t  t h e  two end members o f  t h e s e  tv/o f a u l t  s e t s  th ro w  i n  

o p p o s i t e  d i r e c t i o n s  as  t h e y  i n t e r s e c t  t h e  D in a s  F a u l t  i s  

a t t r i b u t e d  by T.R.Owen to  s u b s e q u e n t  u n l i f t  r e v e r s i n g  t h e  th ro w  

o f  p r e v i o u s l y  c o m p a ra b le  f a u l t s .  Owen o f f e r s  no e v id e n c e  to  

s u p p o r t  th e  P o s t u l a t e d  u p l i f t  beyond i t  s in v o lv e m e n t  i n  th e  

c i r c u l a r  a rg u e m e n t  n e c e s s i t a t e d  by h i s  a t t e m p t  t o  m a tch  two 

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

An e x a m in a t io n  o f  th e  s m a l l e r  C h a r n o id  f a u l t s  l y i n g  b e tw e e n  th e

c h o s e n  f a u l t s  r e v e a l s  f u r t h e r  d i s c r e p a n c i e s .  I f  a c o m p a r i s o n  o f

th e  f a u l t s  on  e i t h e r  s id e  o f  t h e  V ale o f  N ea th  D i s tu r b a n c e  i s  to

be u s e d  as  a  g u id e  t o  t h e  t e a r i n g  m ovem ent t h e n  t h e  p a t t e r n  o f

t h e s e  s m a l l e r  f a u l t s  s h o u ld  be s i m i l a r  on  e a c h  s i d e  o f  t h e  V ale

o f  N eath  D i s t u r b a n c e .  H ow ever, i f  t h i s  g ro u p  o f  s m a l l  f a u l t s  i s

exam ined  on t h e  n o r t h e r n  s i d e  o f  t h e  D in a s  F a u l t  t h e  d i r e c t i o n

o f  downthrow f ro m  th e  m ost e a s t e r l y  f a u l t  p r o c e e d i n g  w e s tw a rd s  

i s  a s  f o l l o w s :
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f a u l t  p r o c e e d in g  w e s tw a rd s  i s  a s  f o l l o w s  I

D ow n-w est, d o w n - e a s t ,  d o w n - e a s t ,  d o w n -w e s t ,  s c i s s o r s  f a u l t  

and f i n a l l y  d o w n - e a s t  ( s c i s s o r s  f a u l t ) .

By th e  same m anner  o f  e x a m i n a t i o n  t h e  f a u l t s  l y i n g  on  t h e  

s o u t h e r n  s i d e  h a v e  t h e  f o l l o w i n g  p a t t e r n  o f  d o w n th ro w s:

D o w n -e a s t ,  d o w n -w e s t ,  d o w n - e a s t ,  d o w n -w es t  and  d o w n -w e s t .

N ot o n ly  i s  th e  p a t t e r n  o f  dow nthrow s d i f f e r e n t ,  b u t  th e  

number o f  f a u l t  p l a n e s  on  e i t h e r  s i d e  o f  t h e  V ale  o f  N e a th  

D i s tu r b a n c e  i s  n o t  t h e  same ( P i g . 4 . 4 ) .  T h u s ,  a l t h o u g h  

Owen (1953) u s e d  t h i s  g ro u p  o f  f a u l t s  w i th  o t h e r s  i n  o r d e r  

to  p rove  a s i n i s t r a l  movement on t h e  V ale  o f  N e a th  D i s tu r b a n c e  

t h i s  p r e s e n t  a u t h o r  i s  o f  t h e  o p i n i o n  t h a t  t h i s  g ro u p  o f  

f a u l t s  a r e  n o t  d i r e c t l y  c o m p a ra b le  a c r o s s  t h i s  l a r g e  C a le d o n o id

d i s t u r b a n c e  and  a r e  n o t  d i s p l a c e d  e q u i v a l e n t s .

In  a d v a n c in g  t h e  a rg u m e n t  t h a t  s t r u c t u r e s  c o u ld  be m atch ed  

a c r o s s  th e  V ale o f  N e a th  D i s tu r b a n c e  Owen (1953)  s u g g e s t e d  

t h a t  t h e  Clyngwyn F a u l t  i s  t h e  d i s p l a c e d  e q u i v a l e n t  o f  t h e  

P en d e ry n  F a u l t ,  d e s p i t e  t h e  f a c t  t h a t  t h e  f o r m e r  l i e s  a t  t h e  

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

t h e  l a t t e r  l i e s  a t  t h e  w e s t e r n  end  o f  a n  u n f a u l t e d  b lo c k  o f  

g ro u n d .  I n d e e d ,  t h i s  c o r r e l a t i o n  seem s t o  c o n t r a d i c t  Owen’s  

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

a c r o s s  t h e  V ale  o f  N e a th  D i s tu r b a n c e  i s  t o  com pare t h e  p a t t e r n  

o f  f a u l t e d  and  u n f a u l t e d  b lo c k s  o f  g r o u n d .  Owen (195 3) 

c o n c lu d e d  t h a t  t h e  ab o v e  two named f a u l t s  a r e  e o u i v a l e n t s  by 

v i r t u e  o f  p r e c i s e l y  s u c h  a  c o m p ar iso n ',  he s t a t e d  t h a t  b o th
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Faults In The V icinity Of The Vole Of Neath D isturbance  
In The Area Betw een Cwm-Taf And Pendervn.
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Notes ••-

------------ Surface position of fault.
Direction of throw indicated by arrows, the amount of throw is shown in metres.
An arrow without anotation indicates that the throw is small or difficult to determine,

(Modified a fter  Owen 1953.)
Figure 4.4



f a u l t s  *are  b o rd e re d  to  t h e  e a s t  by a  f a u l t  f r e e  a r e a  o f  

com parab le  w id th » ;  F ig u re  4 .2  i n d i c a t e s  t h a t  th e  two b lo c k s  

o f  g round  have d i s s i m i l a r  f a u l t  p a t t e r n s .

The D ow lais  F a u l t  i s  compared to  th e  Ynys Fawr F a u l t ,  

a l th o u g h  th e y  th row  i n  o p p o s i t e  d i r e c t i o n s  (See F i g . 4 . 2 ) .  A 

f u r t h e r  c o m p a r iso n  i s  made o f  th e  f a u l t  p a t t e r n  fo u n d  betw een  

Hirwaun and G ly n -N ea th .  The co m p a r iso n  made lo o k s  u n r e a s o n 

a b le  and f u r t h e r  d o u b t  i s  c a s t  upon i t  when one n o t e s  t h a t  

some p ro m in e n t  G h a m o id  f a u l t s  e n c o u n te r e d  i n  c o a l  w ork ings  

i n  th e  G-lyn-TTeath, R higos Group and  Tower C o l l i e r i e s  were n o t  

in c lu d e d  by Owen (See F i g s . 4 .5  and 4 . 2 ) .

T h a t t h i s  p a r t  o f  th e  c o a l f i e l d  has  been  s u b j e c t e d  to  t e n s i o n  

and t h a t  t h a t  s t r e s s  has  r e s u l t e d  i n  a  com plex s e r i e s  o f  

norm al f a u l t s  c a n n o t  be c h a l l e n g e d .  However, a  f a u l t - b y -  

f a u l t  c o m p a r iso n  a c r o s s  t h e  Vale o f  N ea th  D is tu r b a n c e  i s  n o t  

f e a s i b l e .  Shou ld  s u c h  a  c o m p a r iso n  be a t t e m p te d  one i s  l e f t  

w i th  s e v e r a l  fu n d a m e n ta l  q u e s t i o n s :  w h ich  f a u l t s  a r e  to  be 

c o n s id e r e d  a s  ’m a jo r  f a u l t s ’ f o r  t h e  p u rp o se  o f  su c h  a 

c o m p ar iso n ?

Should  th e  d i r e c t i o n  and amount o f  th ro w  be com parab le  b e fo re  

f a u l t s  can  be c o n s id e r e d  to  r e p r e s e n t  th e  same s t r u c t u r e ?

’/h a t  i s  t h e  minimum th row  o f  f a u l t s  to  be in c lu d e d  i n  t h e  

c o m p ariso n ?  In  th e  a r e a  u n d e r  s tu d y  some G h a m o id  f a u l t s  

w i th  th ro w s  o f  l e s s  t h a n  10m can  be t r a c e d  a lo n g  seam datums 

f o r  s e v e r a l  k i l o m e t r e s .

T.R.Owen’s  s tu d y  l a r g e l y  a v o id e d  th e  Coal M easures so t h a t
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d a ta  from  c o a l  w ork ings  was n o t  i n c lu d e d  i n  h i s  s t u d y .  I t  

must be s t r e s s e d  t h a t  much o f  th e  u n d e rg ro u n d  d a t a  was n o t  

a v a i l a b l e  to  h im . Beyond th e  f a c t  t b a t  t h i s  a u th o r  h a s  been  

in  a  p r i v i l e g e d  p o s i t i o n  a s  a n  em ployee o f  t h e  N a t io n a l  Coal 

Board, much o f  th e  c o a l  e x p l o i t a t i o n  i n  t h i s  a r e a  t h a t  has  

c o n t r ib u t e d  to  t h e  s t r u c t u r a l  a s s e s s m e n t  i n  t h i s  t h e s i s  has  

been u n d e r t a k e n  s in c e  T.R.Owen p u b l i s h e d  h i s  s tu d y .  T h e re 

f o r e ,  th e  f o r e g o i n g  comments a r e  b a se d  on c o n c e p ts  t h a t  have 

a r i s e n  i n  th e  a u t h o r ’s mind a s  a  r e s u l t  o f  much more d a ta  

becoming a v a i l a b l e .  I t  re m a in s  t h i s  a u t h o r ’ s v iew , b a se d  

uPon an e x t e n s iv e  s tu d y  o f  t h e  f a u l t i n g  o b s e rv e d  in  t h e  Coal 

M easures t h a t  a f a u l t - b y - f a u l t  co m p ar iso n  a c r o s s  th e  C h arn o id  

d i s t u r b a n c e s  re m a in s  an  u n t e n a b le  p r o p o s i t i o n ,  f f h i l s t  i t  

may be p o s s i b l e  to  i d e n t i f y  some f a u l t s  t h a t  a p p e a r  t o  be 

d i s p l a c e d  s t r u c t u r e s  com parab le  w i t h  o t h e r s  l y in g  on th e  

o t h e r  s id e  o f  t h e  Vale o f  N ea th  D is tu r b a n c e  and th e r e b y  to  

presume a t e a r  com ponent, i t  i s  e q u a l l y  p o s s i b l e  to  i d e n t i f y  

some f a u l t s  s u g g e s t in g  d i s p la c e m e n t  i n  a  d i f f e r e n t  s e n s e ;  

many o t h e r  f a u l t s  and g ro u p s  o f  f a u l t s  c a n n o t  be r e a d i l y  

m atched a c r o s s  th e  Vale o f  N e a th  D is tu r b a n c e  a t  a l l .

The p a t t e r n  o f  o v e r t h r u s t i n g  a t  t h e  Nine F e e t  Seam datum a l s o  

d i s p l a y s  many c o n t r a s t i n g  f e a t u r e s  when one makes a co m p ar iso n  

a c r o s s  th e  Vale o f  N eath  D i s tu r b a n c e .

On th e  s o u th  s id e  o f  th e  d i s t u r b a n c e  t h e  p a t t e r n  o f  o v e r 

t h r u s t s  d i s p l a y s  a m arkedly  C a le d o n o id  t r e n d .  Because o f  th e  

low d ip  o f  t h e s e  s t r u c t u r e s  t h e i r  t r a c e  i n  any seam i s  

n a t u r a l l y  s in u o u s ,  how ever, t h e i r  a v e ra g e  t r e n d  i s  p l a i n l y
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Q .a le d o n o id .  The t h r u s t  d i s p l a c e m e n t  i s  p r i m a r i l y  n o r th w a r d s ,  

a l t h o u g h  t h e r e  a r e  e x c e p t i o n s .  Some a p p e a r  t o  be t h e  

c o n t i n u a t i o n  o f  f o l d  a x e s  when s e e n  i n  j u x t a p o s i t i o n  a c r o s s  

some o f  t h e  c h a r n o i d  f a u l t s ,  b u t  i t  i s  c o n c e i v a b l e  t h a t  t h e y  

a r e  n o t  n e c e s s a r i l y  t h e  same s t r u c t u r e .

On t h e  n o r t h  s i d e  o f  t h e  V ale  o f  N e a th  D i s t u r b a n c e ,  i n  t h e  

b lo c k  l y i n g  b e tw e e n  t h a t  d i s t u r b a n c e  and  t h e  Sw ansea  V a l le y  

D i s t u r b a n c e . t h e  o v e r t h r u s t s  t r e n d  w e s t - n o r t h - w e s t e r l y ,  w i t h  

a g a i n  t h e  p r e d o m in a n t  d i s p l a c e m e n t  n o r t h w a r d s .  R e f e r e n c e  to  

t h e  p r o c e e d i n g  c h a p t e r  on  ’ S t r u c t u r e ’ w i l l  d e m o n s t r a t e  t h a t  

t h i s  p a t t e r n  o f  o v e r t h r u s t s  e x i s t s  o n ly  on  t h e  e a s t e r n  s i d e  

o f  t h e  N an t M arl  F a u l t .  The f r e q u e n c y  and  s i z e  o f  o v e r t h r u s t s  

i n c r e a s e  s h a r p l y  w i t h i n  a  b e l t  a p p r o x i m a t e l y  1km. w ide  

im m e d ia te ly  t o  t h e  n o r t h  o f  t h e  V ale  o f  N e a th  D i s t u r b a n c e .

W h i l s t  o v e r t h r u s t i n g  i s  common i n  t h i s  a r e a  b e l t s  o f  i n t e n s i v e  

o v e r t h r u s t i n g  a s  s e e n  a t  T r e f o r g a n  C o l l i e r y  and  d e t a i l e d  i n  

t h e  p r o c e e d in g  c h a p t e r  a r e  n o t  f o u n d  s o u t h  o f  t h e  V ale  o f  

N e a th  D i s t u r b a n c e ,  a f u r t h e r  c o n t r a s t  i n  s t r u c t u r a l  p a t t e r n s  

a c r o s s  t h e  C a le d o n o id  d i s t u r b a n c e .

^ d e t a i l e d  s tu d y  o f  t h e  a r e a  l y i n g  n o r t h  o f  t h e  Sw ansea 

V a l l e y  D i s tu r b a n c e  h a s  n o t  b e e n  u n d e r t a k e n .  H ow ever, a  b r i e f  

e x a m i n a t i o n  s u g g e s t s  t h a t  t h e  o v e r t l i r u s t i n g  r e v e r t s  t o  a  

g a l e d o n o i d  t r e n d ,  r e s u l t i n g  i n  a  d i s t i n c t i v e  p a t t e r n  o f  m a jo r  

o v e r t h r u s t i n g  i n  t h e  a r e a  l y i n g  b e tw e e n  t h e s e  two C a le d o n o id  

d i s t u r b a n c e s ,

vYlailst t h e  above comments h o l d  good f o r  t h e  m a jo r  o v e r t h r u s t s
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( th ro w s  i n  e x c e s s  o f  5m) and b e l t s  o f  m a jo r  o v e r t h r u s t s ,  

s m a l l e r  o v e r t h r u s t s  w i t h  t r e n d s  o t h e r  t h a n  C a le d o n o id  a r e  to  

be fo u n d  s o u t h  o f  th e  Vale o f  N e a th  D i s t u r b a n c e .  The lo n g w a l l  

d e v e lo p m e n t  i n  t h e  S ix  F e e t  Seam a t  B la e n g w ra c h  C o l l i e r y  was 

s e r i o u s l y  h i n d e r e d  by an  i n t e n s i v e  b e l t  o f  s m a l l  o v e r t h r u s t s  

w i t h  an  w e s t - n o r t h - ‘w e s t e r l y  t r e n d .

As one moves f u r t h e r  away f ro m  t h e  V ale  o f  N e a th  D i s t u r b a n c e  

t h e  p a t t e r n  and  t r e n d  o f  o v e r t h r u s t i n g  c h a n g e s .

S o u th  o f  Tower C o l l i e r y  l a r g e  (30m) o v e r t h r u s t s  a r e  t o  be 

fo u n d  t r e n d i n g  e a s t - w e s t  (See F i g . 4 . 6 ) .  H ow ever, s u c h  o v e r 

t h r u s t s  owe t h e i r  g e n e r a t i o n  to  c i r c u m s t a n c e s  r e s u l t i n g  i n  a  

s t r e s s - f i e l d  q u i t e  d i f f e r e n t  f ro m  t h a t  w h ic h  p r e v a i l e d  i n  

t h e  v i c i n i t y  o f  th e  V ale o f  N e a th  D i s t u r b a n c e .  The s t r u c t u r e s  

o f  t h e  S o u th  A'ales C o a l f i e l d  v a r y  i n  d e t a i l  o n  a  g e o g r a p h i c  

b a s i s .  A l th o u g h  t h e  w hole c o a l f i e l d  may have  b e e n  s u b j e c t e d  

t o  t h e  A rm o ric a n  c o m p r e s s io n  f ro m  t h e  s o u t h  t h e  s t r e s s - f i e l d s  

r e s u l t i n g  f ro m  t h i s  p r e s s u r e  v a r i e d  a c r o s s  t h e  c o a l f i e l d .

T h is  f e a t u r e  i s  p r e d i c t a b l e  i f  o n ly  on  t h e  b a s i s  t h a t  t h e  

c o a l f i e l d  i s  n o t  a  hom ogeneous p i l e  o f  s e d i m e n t a r y  r o c k s .

A p p ly in g  t h e  f o r e g o i n g  t o  th e  a r e a  a ro u n d  t h e  V ale o f  N ea th  

D is tu r b a n c e  t h e  n o r t h e r l y  d i r e c t e d  A rm o ric a n  c o m n r e s s i o n a l  

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

r e l a t i v e l y  s t r o n g e r  f ro m  th e  s o u t h  on  t h e  s o u t h  s i d e  o f  th e  

G a le d o n o id  d i s t u r b a n c e  an d  was more s o u t h - w e s t e r l y  t o  t h e  

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

c o n c e p t  w i l l  be made i n  t h e  f i n a l  d i s c u s s i o n  i n  t h i s  t h e s i s .

1 7 5 .



01c
Z
U)
0
L
JC
4-
L
QJ
>o
g
C
(U
h

(/)

I
w
Ü
ÜJ

(U
q!
E
d
X

LU

C
<

f

?r:000E6Z NS

000Z6Z NSs

000L6Z NS

, - Æ ^ - 0 0 0 0 6 Z  NS

00069Z NS

o o
o o

o g :' CM CM
' 2 2 2

CO CO

Figure 4.6



n

4,2.'2 D e t a i l s  Of The C a led o n o id  D i s tu r b a n c e s  In  The Red Vein

The Red Vein was e x t e n s i v e l y  worked on th e  n o r th  s id e  o f  th e  

Vale o f  D ea th  D is tu rb a n c e  a t  B ry n teg ,  D il lw y n ,  T re fo rg a n  and 

a number o f  s m a l l e r  c o l l i e r i e s .  U n f o r tu n a t e ly  th e  seam t h i n s  

in  a  s o u t h e r l y  d i r e c t i o n ,  a f e a t u r e  w hich i s  accom panied , in  

p l a c e s ,  by a change i n  th e  n a t u r e  o f  th e  im m ediate  r o o f  

m easu res :  t o g e t h e r  t h e s e  f e a t u r e s  make th e  seam an u n a t t r a c t i v e  

m ining  p r o p o s i t i o n .  A.s a r e s u l t  s t r u c t u r a l  d a ta  becomes 

s u a r s e  i n  th e  r e g i o n  o f  th e  Vale o f  D eath  D is tu rb a n c e  and 

some i n t e r p r e t a t i o n  and p r o j e c t i o n  o f  s t r u c t u r e s  had  to  be 

u n d e r ta k e n  i n  o r d e r  t o  p roduce  th e  1:5000  o u t l i n e  s t r u c t u r e  

p la n  ( P i g . 4 . 7 ; .

The seam i s  n o t  e x p l o i t e d  i n  th e  O ly n -D ea th  a r e a  on th e  s o u th  

s id e  o f t h e  Vale o f  D eath  D is tu rb a n c e  b e c a u se  i t  i s  to o  t h i n .  

There i s ,  t h e r e f o r e ,  v i r t u a l l y  no s t r u c t u r a l  i n f o r m a t io n  a t  

t h i s  seam datum i n  t h a t  a r e a .  The p r i n c i p a l  C h a rn o id  f a u l t s  

have been p r o j e c t e d  to  t h i s  seam datum and a r e  shown on th e  

1 :5000  o u t l i n e  s t r u c t u r e  p la n .  However, t h e r e  i s  no r e l i a b l e  

d e t a i l  on d i p s ,  f o l d s  and c o m p re s s io n a l  s t r u c t u r e s  and so no 

com parison  a c r o s s  th e  Vale o f  D eath  D is tu rb a n c e  can  be made 

as was p o s s i b l e  w i th  th e  Dine P e e t  Seam. The more w e s t e r ly  

p o s i t i o n  o f  th e  seam ’s o u tc ro p  a l s o  r e s u l t s  i n  th e  s t r u c t u r a l  

d a to  b e in g  more r e s t r i c t e d  i n  a r e a  t h a n  a t  th e  Dine P e e t  

datum. A lth o u g h  a com parison  a c r o s s  th e  Vale o f  D eath  

D is tu rb a n c e  i s  i m p r a c t i c a l  a t  t h i s  datum i t  i s  u s e f u l  to  make 

a com parison  betw een  th e  s t r u c t u r a l  p a t t e r n  i n  th e  Red Vein 

and th e  Dine P e e t  Seam on th e  n o r th  s id e  o f  th e  Vale o f  D eath .

17 6 .



The two s t r u c t u r a l  p a ra m e te rs  o f  most i n t e r e s t  and a b o u t  

which good b a s ic  d a ta  i s  a v a i l a b l e  a r e  th e  d ip s  and th e  o v e r 

t h r u s t s .

The d ip s  i n  th e  a r e a  a re  g e n e r a l l y  be tw een  8° and 1 0 ° ,  

a l th o u g h  th e y  can  be s t e e p  l o c a l l y  i n  th e  v i c i n i t y  o f  o v e r 

t h r u s t s .  I n  a p a t t e r n  s i m i l a r  to  th e  one s e e n  a t  th e  Dine 

P ee t Seam th e  d i r e c t i o n  o f  f u l l  d ip  v a r i e s  a c r o s s  t h i s  b lo c k .  

D ear th e  Swansea V a lley  D is tu rb a n c e  f u l l  d ip  i s  to  th e  s o u th ,  

in  th e  c e n t r e  o f  t h e  b lo c k  i t  i s  th e  s o u th - w e s t  and n e a r  th e  

Vale o f  D ea th  D is tu rb a n c e  i t  i s  to  th e  w e s t ,  where th e  amount 

of d ip  may in c r e a s e  to  3 0 ° .  The p a t t e r n  o f  th e  change o f  d ip  

i s  s i m i l a r ,  th ough  n o t  i d e n t i c a l  to  t h a t  s e e n  i n  th e  Dine F e e t  

Seam; a l th o u g h  i n  th e  Red Vein th e  amount o f  swing i n  t h e  

d i r e c t i o n  o f  d ip  i s  g r e a t e r  th a n  i n  th e  Dine F e e t  Seam.

Well d ev e lo p ed  f o ld s  a r e  n o t  as  r e a d i l y  o b se rv e d  i n  th e  Red 

Vein: th o s e  t h a t  a re  p r e s e n t  a r e  i n  t h e  e a s t  o f  th e  a r e a  above 

the  Aberpergwm and Onllwyn C o l l i e r y  w o rk in g s .  Where p r e s e n t  

th ey  have axes p a r a l l e l  to  t h e  G h a m o id  f a u l t s  and g e n e r a l l y  

have such  f a u l t s  l y i n g  a lo n g  t h e i r  a x e s .  T h is  p a t t e r n  o f  

f o ld i n g  i s  s i m i l a r  to  t h a t  s e e n  i n  th e  Dine F e e t  Seam.

The o v e r t h r u s t i n g ,  t o o ,  i s  s i m i l a r  to  t h a t  seen  i n  th e  Dine 

P ee t  Seam. .Whilst n o t  as i n t e n s e  as  th e  o v e r t h r u s t i n g  

o bse rv ed  low er i n  th e  sequence  th e  s in u o u s  t r a c e  and th e  w e s t -  

n o r th - w e s t a r l y  t r e n d  a re  th e  same as  i n  th e  Dine P e e t  Seam, a s  

is  th e  developm ent o f  p ro m in en t  o v e r t h r u s t s  on ly  to  th e  e a s t  

of th e  Dant Marl F a u l t .
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The p a t t e r n  o f  co m p ress io n  and th e  r e s u l t a n t  s t r u c t u r e s  a r e  

t h e r e f o r e  th e  same a s  f o r  th e  Nine F e e t  Seam, a l th o u g h  th e  

i n t e n s i t y  o f  th e  d i s tu r b a n c e  i s  l e s s .  I t  t h e r e f o r e  a p p e a rs  

t h a t  th e  s t r e s s  f i e l d  w hich c a u se d  th e  s t r u c t u r e s  i n  b o th  

seams was s i m i l a r ,  a l th o u g h  i t ’ s e f f e c t s  were muted f o r  some 

r e a s o n  i n  th e  Red V ein .

4 ,2 .3  D e t a i l s  Of The C aledono id  D i s tu r b a n c e s  In  The No.2 Rhondda 
Seam

\ s  e ls e w h e re  i n  t h i s  t h e s i s  t h e  h i g h e s t  r e f e r e n c e  p la n e  

t a k e n  i s  th e  N o.2 Rhondda Seam. For th e  pu rpose  o f  s tu d y in g  

th e  b e h a v io u r  o f  th e  Vale o f  N ea th  D is tu rb a n c e  t h i s  datum 

s u f f e r s  from  th e  f a c t  t h a t  t h e  o u tc ro p  o f  th e  seam i s  th e  

most w e s t e r ly  o f  th e  t h r e e  seams chosen  and so l i m i t s  the  

a r e a  from  w hich s t r u c t u r a l  d a t a  can  be o b t a in e d .  The shape 

o f  th e  o u tc ro p  o c c u r r in g  as  i t  does h ig h  on th e  v a l l e y  s id e s  

a l s o  means t h a t  t h e r e  have b een  l e s s  c o a l  w orkings c lo s e  to  

th e  Vale o f  N eath  D i s tu r b a n c e .  However, some r e c o r d s  e x i s t  

f o r  o ld  w ork ings  n e a r  th e  Vale o f  N eath  D is tu rb a n c e  and t h i s  

seam does p ro v id e  u s e f u l  s t r u c t u r a l  d a t a  i n  so f a r  as  th e  

seam has been .w orked  f a i r l y  e x t e n s i v e l y  on b o th  s id e s  o f  t h e  

N eath  V a l le y .

S outh  o f  th e  Vale o f  N eath  D is tu rb a n c e  and e a s t  o f  th e  

Glyncorrwg F a u l t  d ip s  i n  th e  N o.2 Rhondda a r e  8° to  th e  sou th -  

s o u th - w e s t ,  an amount and d i r e c t i o n  w hich  i s  c o n s i s t e n t  w i th  

th e  d ip s  o b se rv ed  i n  th e  Nine F e e t  Seam. West o f  th e  C lyn- 

corrw g F a u l t  th e  r a t e  o f  d ip  i s  s i m i l a r  b e in g  5° o r  7° i n  a 

s o u th - w e s t e r l y  to  w e s t e r ly  d i r e c t i o n .  The change i n  th e  

d i r e c t i o n  o f  d ip  from s o u th - w e s t  t o  w e s t  as  one moves in  a
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w e s te r ly  d i r e c t i o n  to w ard s  th e  o ld  G ly n c a s t le  ta k e  and th e  

Vale o f  N eath  D is tu rb a n c e  i s  s i m i l a r  to  th e  p a t t e r n  s e e n  i n  

th e  Nine F e e t  Seam (See F i g . 4 . 8 ) .

Veil d ev e lo p ed  f o ld s  a r e  n o t  common i n  t h i s  a r e a  o f  th e  N o.2 

Rhondda w i th  th e  e x c e p t io n  o f  a g e n t l e  f a u l t e d  m onocline  in  

th e  Rhondda Dlerthyr w o rk in g s .  Th is  f o l d  i s  shown as  th e  

C a le d o n o id  s t r u c t u r e  on th e  1 :5000  s c a l e  p la n s  to  th e  e a s t  

o f  th e  G lyncorrw g F a u l t ,  I t  a p p e a rs  to  c r o s s  a t  l e ^ s t  t h r e e  

C h arn o id  f a u l t s  a p p a r e n t l y  w i th o u t  d i s p la c e m e n t .  Th is  g e n t l e  

f o l d  a p p e a r s  to  r e p r e s e n t  a bend ing  o v e r  o f  th e  v e ry  com petent 

P ennan t s a n d s to n e s  o v e r  v e ry  s u b s t a n t i a l  o v e r t h r u s t i n g  i n  th e  

in c o m p e te n t  ’Main P ro d u c t iv e  M e a su re s ’ , The o v e r t h r u s t  i n  

q u e s t io n  i s  f i r s t  s e e n  i n  th e  o ld  G lyncorrw g C o l l i e r y  

w ork ings  s o u th  o f  B laengw rach C o l l i e r y  w o rk in g s .  The o v e r 

t h r u s t  has  a s in u o u s  t r a c e  and has a G a led o n o id  t r e n d .  I t  

can  be t r a c e d  from  th e  Glyncorrwg w ork ings s o u th  o f  th e  

B laengw rach and Rhigos w orkings and on in to  Tower C o l l i e r y  

where i t  f i n a l l y  a p p e a rs  to  t e r m in a te  a g a i n s t  th e  Hirwaun No,2A 

F a u l t  (See F i g . 4 . 9 ) .  The o v e r t h r u s t  r e a c h e s  150m d isp la c e m e n t  

a t  i t ’ s maximum and ap p e a rs  to  c r o s s  s e v e r a l  C h arn o id  f a u l t s  

w i th o u t  d i s p la c e m e n t .  I t ’ s d i s p la c e m e n t  i s  n o r th w a rd s .
I

N o rth  o f  th e  Vale o f  N eath D is tu rb a n c e  th e  o u tc ro p  o f  th e  

N o.2 Rhondda Seam form s a l a r g e  nose  on th e  e a s t e r n  s id e  of 

th e  Nant Marl F a u l t .  The seam has been e x t e n s i v e l y  worked, 

so t h a t  s t r u c t u r a l  in fo r m a t io n  i s  a v a i l a b l e .  Vest o f  th e  

Nant Marl F a u l t  th e  B la e n a n t  C o l l i e r y  ta k e  was th e  s u b je c t  o f  

a l a r g e  e x p l o r a t i o n  programme in  1981 . As a r e s u l t  o f  t h i s  

programme, th e  B la e n a n t  w ork ings  and in f o r m a t io n  from o ld
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abandoned w ork ings  good s t r u c t u r a l  i n f o r m a t i o n  i s  a v a i l a b l e  

v i r t u a l l y  up  to  b o th  th e  Vale o f  N eath  and Swansea V a l le y  

D i s t u r b a n c e s ,

Near th e  Swansea V a l le y  D is tu r b a n c e  th e  r e g i o n a l  d ip s  a r e  

s i m i l a r  to  th o s e  s e e n  i n  th e  o t h e r  two seam s, 5° to  th e  

s o u th  o r  j u s t  w e s t  o f  s o u th .  However, in f o r m a t io n  i s  a v a i l a b l e  

from abandoned o ld  w o rk in g s  f u r t h e r  w e s t  th a n  i n  th e  o t h e r  

two seams and n e a r e r  th e  Swansea V a l le y  D i s tu r b a n c e .  From 

th e s e  i t  c a n  be s e e n  t h a t  th e  sw ing  i n  th e  d i r e c t i o n  o f  d ip  

n o te d  i n  th e  Red Vein and Nine F e e t  Seams from  s o u th - w e s t  to  

s o u th  as  t h e  Swansea V a l le y  D is tu r b a n c e  i s  a p p ro a c h e d  c o n t in u e s  

f u r t h e r  u n t i l  f u l l  d ip  i s  a t  r i g h t  a n g le s  to  th e  C a le d o n o id  

d i s tu r b a n c e  i n  th e  a r e a  c lo s e  t o  i t .

Combining t h i s  i n f o r m a t io n  w i th  t h e  o b s e r v a t i o n s  from  th e  

two lo w e r  seams th e  p a t t e r n  o f  d ip s  i n  th e  b lo c k  l y i n g  betw een  

th e  two C a le d o n o id  d i s t u r b a n c e s  i s  10° a t  r i g h t  a n g le s  to  th e  

main d i s t u r b a n c e  i n  th e  v i c i n i t y  o f  t h e  Swansea V a l le y  

D i s tu r b a n c e ;  5° to  10° i n  t h e  c e n t r e  o f  t h e  b lo c k ;  and up  to  

30° p a r a l l e l  to  th e  main d i s t u r b a n c e  i n  th e  v i c i n i t y  o f  th e  

Vale o f  N ea th  D is tu rb a n c e  (See F i g . 4 . 1 0 ) ,

V e i l  d e v e lo p e d  f o l d s  a r e  v i r t u a l l y  a b s e n t  i n  t h i s  a r e a  i n  

th e  N o ,2 Rhondda Seam, There i s  an  open  a n t i c l i n e  n o r t h  of 

th e  B la e n a n t  C o l l i e r y  w ork ings  which p lu n g e s  g e n t l y  to w ard s  

th e  s o u th - w e s t .  T h is  f o l d  seems to  be a r e s u l t  o f  th e  

t w i s t i n g  o f  th e  s t r a t a  th e  v i c i n i t y  o f  th e  Swansea V a l le y  

D i s tu r b a n c e .  .T h e r e  a re  a l s o  some p o o r ly  d e v e lo p e d  f o l d s  

a s s o c i a t e d  w i th  th e  N ant M arl F a u l t ,  b u t  t h e r e  i s  no p a t t e r n
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o f  f o l d i n g  as  s e e n  i n  t h e  o t h e r  two s e a m s .

The n a t t e r n  o f  C h a r n o id  n o rm a l  f a u l t s  o b s e r v e d  i n  t h e  Red Ye i n  

and Mine F e e t  beam i s  a l s o  n r e s e n t  i n  t h e  ITo.2 Rhondda Seam, 

W orking r e c o r d s  n ro v e  t h e  n r e s e n c e  o f  t h e  G ly n c o rrw g  F a u l t  and 

some o f  th e  n o rm a l  f a u l t s  l y i n g  t o  t h e  w e s t  o f  i t  ; t h e  n o s i t i o n  

o f  th e  P e n - y - O a s t e l l  F a u l t  i s  a  c a l c u l a t e d  o n e .  A lth o u g h  th e  

■ na tte rn  o f  n o rm a l  f a u l t i n g  c a n  be o b s e rv e d  i n  t h e  Mo.2 Rhondda 

Seam, t h e i r  i n t e r - r e l a t i o n s h i n  w i t h  t h e  Y ale  o f  N e a th  

D i s tu r b a n c e  i s  d i f f i c u l t  t o  d e f i n e  b e c a u s e  t h e  o u t c r o n  o f  t h i s  

seam i s  l -2 k ra .  d i s t a n t  f ro m  t h e  Y ale  o f  N e a th  D i s tu r b a n c e  i n  

t h e  v i c i n i t y  o f  t h e s e  C h a r n o i d  f a u l t s .

A g a in ,  b e c a u s e  o f  t h e  n o s i t i o n  o f  t h e  o u t c r o n ,  t h e  m o st  

w e s t e r l y  C h a r n o id  f a u l t  e n c o u n t e r e d  n o r t h  o f  t h e  Y ale  o f  N e a th  

D i s tu r b a n c e  i s  t h e  TV; 11 au Bach F a u l t  and  t h a t  i s  some 2km. 

d i s t a n t  f rom  th e  C a le d o n o id  f a u l t .  The n r i n c i n a l  n o rm a l  f a u l t s  

o b s e rv e d  n o r t h  o f  th e  Yale o f  N e a th  D i s t u r b a n c e  a r e  t h e  T w e e d le ,  

D in -F a c h  and N an t TTarl F a u l t s .  T hese  t h r e e  f a u l t s  do n o t  

a n n e a r  to  have  e a u i v a l e n t s  on t h e  s o u t h  s i d e  o f  t h e  Yale o f  

N ea th  D i s t u r b a n c e .

In  a d d i t i o n  to  t h e  C h a rn o id  n o rm a l  f a u l t s ,  a  s e c o n d  s e t  o f  

n o rm a l  f a u l t s  i s  n r e s e n t  a t  t h i s  h o r i z o n  i n  t h e  a r e a  b e tw e e n  

th e  two C a le d o n o id  s t r u c t u r e s .  O c c u r r in g  on  b o t h  s i d e s  o f  th e  

N ant T 'a r l  F a u l t  a r e  e a s t - w e s t  t r e n d i n g  n o rm a l  f a u l t s :  some 

downthrow s o u th w a rd s  and o t h e r s  n o r t h w a r d s .  A l th o u g h  w o rk in g s  

a r e  more l i m i t e d  s o u t h  o f  t h e  Y ale o f  N e a th  D i s t u r b a n c e ,  s u c h  

f a u l t s  have  a l s o  b e e n  n o t e d  t h e r e .  Many a r e  l e s s  t h a n  1km. 

i n  l e n g t h ;  b u t  t h e  d i s n l a c e m e n t  i s  o f t e n
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s u b s t a n t i a l  a n d  may e x c e e d  ?0m. T h e se  f a u l t s  a r e  d i s c u s s e d  

i n  t h e  p r e c e e d i n g  c h a p t e r :  i t  i s  i m p o r t a n t  t o  n o t e  t h e  a g e  

r e l a t i o n s h i p  d e t a i l e d  i n  t h a t  d i s c u s s i o n  w h ic h  s u g g e s t s  t h a t  

t h e y  fo rm e d  a ro u n d  t h e  same t im e  a s  many o f  t h e  C h a r n o id  

f a u l t s .

O v e r t h r u s t s  h a v e  n o t  b e e n  d o cu m en ted  i n  t h e  r e c o r d s  o f  o l d  

w o rk in g s  f o r  t h i s  seam  s o u t h  o f  t h e  V a le  o f  H e a th  D i s t u r b a n c e .  

H ow ever, d i p - m e t e r  g e o p h y s i c a l  l o g s  w e re  r u n  i n  t h e  G l y n c a s t l e  

B o r e h o le ,  w h ic h  t h e  H .G .B . d r i l l e d  i n  t h i s  a r e a  i n  1 9 8 3 .  

A l th o u g h  t h e  to p m o s t  600m o f  t h i s  b o r e h o l e  w ere o p e n - h o l e d  

a n  i n t e r p r e t a t i o n  o f  t h e  f u l l  s u i t e  o f  g e o p h y s i c a l  l o g s  

i n d i c a t e  t h e  p o s i t i o n  o f  t h e  H o .2 R hondda Seam a t  a p p r o x 

i m a t e l y  470m, and  th e  d i p - m e t e r  l o g s  r e v e a l e d  o v e r t h r u s t s  a t  

430m and  500m. An e x a m i n a t i o n  o f  t h e  d i p - m e t e r  p r i n t - o u t  

s u g g e s t s  t h a t  t h e  o v e r t h r u s t  a t  430m d e p t h  i s  a w e l l -  d e v e lo p e d  

s t r u c t u r e  ; p r e s u m in g  i t  h a s  a  n o r th w a r d s  d i s p l a c e m e n t ,  a s  do 

t h e  m a j o r i t y  o f  o v e r t h r u s t s  i n  t h i s  a r e a ,  t h e n  i t  d i p s  t o 

w a rd s  t h e  s o u t h - e a s t  an d  so  h a s  a G a l e d o n o i d  t r e n d .  S t r a t a  

d i p s  i n  t h e  v i c i n i t y  o f  th e  f a u l t  p l a n e  i n c r e a s e  t o  a  maximum 

o f  1 8 ° .  The o v e r t h r u s t  a t  500m i s  much l e s s - w e l l  d e v e lo p e d  

d.nd s t r a t a  d i p s  r i s e  t o  a maximum o f  1 7 ° .  The d i p  p l o t s  a r e  

l e s s  w e l l  a l i g n e d  t h a n  f o r  t h e  s t r u c t u r e  a t  430m, b u t  a g a i n  

p re s u m in g  t h a t  t h e  o v e r t h r u s t i n g  i s  n o r t h w a r d s ,  i t  to o  h a s  

a  t r e n d  a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  V ale  o f  H e a th  D i s t u r b 

a n c e .  A l th o u g h  one d i p - m e t e r  s u r v e y  d o e s  n o t  p r o v id e  t h e  

s t r u c t u r a l  d a t a  t h a t  w i d e s p r e a d  o l d  w o rk in g  r e c o r d s  w o u ld ,  

t h e  s u r v e y  s u g g e s t s  t h a t  th e  p a t t e r n  o f  o v e r t h r u s t i n g  a t  t h i s
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h o r i z o n  f o l l o w s  t h a t  s e e n  i n  t h e  lo w e r  s e a m s .

Pew seam s a r e  e x p l o i t e d  t h i s  h i g h  i n  t h e  s e q u e n c e ,  so  t h a t  

l i t t l e  d e t a i l e d  i n f o r m a t i o n  i s  a v a i l a b l e  o n  seam  i n t e r v a l s  

w h ic h  t e n d  t o  be  v a r i a b l e  i n  t h e s e  P e n n a n t  M e a s u r e s .  I t  i s  

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

b u t  i t  w o u ld  a p p e a r  t o  be  s m a l l  i n  v ie w  o f  t h e  f a c t  t h a t  t h e  

s e q u e n c e  o f  seam s i s  n o t  s e r i o u s l y  d i s r u p t e d .  O v e r t h r u s t s  

a r e  r a r e  t h i s  h i g h  i n  t h e  s e q u e n c e  a n d  t h e s e  two may be t h e  

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

H o r th  o f  t h e  V ale  o f  H e a th  D i s t u r b a n c e  o n l y  a  few  o v e r t h r u s t s  

o c c u r  a t  t h i s  seam  d a tu m ; t h o s e  t h a t  a r e  p r e s e n t  do n o t  

com ply  w i t h  t h e  p a t t e r n  o b s e r v e d  i n  t h e  l o w e r  s e a m s .  The 

one w e l l  d e v e l o p e d  o v e r t h r u s t  o c c u r r i n g  t o  t h e  e a s t  o f  t h e  

H a n t  M arl  F a u l t  d i p s  t o  t h e  w e s t - n o r t h - w e s t  an d  i t ’ s d i s 

p l a c e m e n t  i s  to w a r d s  t h e  s o u t h - e a s t .  To t h e  w e s t  o f  t h e  

H an t M arl  F a u l t  t h e  few  o v e r t h r u s t s  p r e s e n t  s t r i k e  e a s t - w e s t  

and  n o r t h - s o u t h .  The e a s t - w e s t  s t r i k i n g  o v e r t h r u s t  i n  t h e  

s o u t h e r n  p a r t  o f  t h e  B la e n a n t  C o l l i e r y  w o rk in g s  d i p s  t o  t h e  

s o u t h  and i t  s  d i s p l a c e m e n t  i s  n o r t h w a r d s .  The two n o r t h -  

s o u t h  s t r i k i n g  o v e r t h r u s t s  b o t h  d ip  t o w a r d s  t h e  w e s t  an d  h av e  

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

w i t h i n  24km. f ro m  t h e  V ale  o f  H e a th  D i s t u r b a n c e  o r  5km. 

f ro m  th e  S w an sea  V a l l e y  D i s t u r b a n c e .  W h i l s t  t h e y  m ust 

o b v i o u s l y  be  f i t t e d  i n t o  t h e  s t r u c t u r a l  a p p r a i s a l  t h e y  

c o n t r i b u t e  l e s s  to v /a rd s  an  a p p r a i s a l  o f  t h e  C a le d o n o id  

s t r u c t u r e s  t h a n  t h e  o v e r t h r u s t i n g  o b s e r v e d  a t  t h e  lo w e r  d a t a .  

One i m p o r t a n t  o b s e r v a t i o n  d o es  em erge  f ro m  a  s tu d y  o f  t h e
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o v e r th ru s t s  a t  t h e  H o .2 Hhondda Seam datum , namely t h a t  th e  

p a t t e r n  i s  d i f f e r e n t  on e i t h e r  s i d e  o f  th e  Vale o f  H eath  

D is tu rb a n c e :  an  o b s e r v a t i o n  w h ich  i s  c o n s i s t e n t  w i th  th e  

p a t t e r n  s e e n  i n  th e  Hine F e e t  Seam and  th e  Red V e in .

(.3 Summary A.nd D is c u s s io n  Of The C a le d o n o id  S t r u c t u r e s

The a r e a  o f  s tu d y  i s  i n f l u e n c e d  by two m a jo r  C a le d o n o id  

s t r u c t u r e s :  th e  Vale o f  H eath  D is tu r b a n c e  and th e  Swansea 

(or TaweJ V a l le y  D is tu r b a n c e ,  Both d i s t u r b a n c e s  a f f e c t  th e  

Coal M easures and b o th  e x h i b i t  a  d i s p la c e m e n t  o f  t h e  Coal 

M easures ; how ever,  a l th o u g h  b o th  a r e  C a le d o n o id  i n  t r e n d  i t  

is  d i f f i c u l t  t o  say  w h e th e r  th e y  a r e  o f  C a le d o n ia n  o r i g i n .

I t  i s  c o n c e iv a b le  t h a t  b o th  d i s t u r b a n c e s  a r e  d e e p - s e a t e d  and 

a n c i e n t  C a le d o n ia n  s t r u c t u r e s  w hich  w ere  r e - a c t i v a t e d  d u r in g  

the  l a t e r  A rm o rican  movements w hich sh ap ed  th e  S o u th  Wales 

C o a l f i e l d .  S in c e  th e  s t r u c t u r e s  a r e  n o t  o v e r l a i n  by u n -  

f a u l t e d  m easu res  which a r e  y o u n g e r  t h a n  C a rb o n i f e ro u s  i t  

rem ains  a  p o s s i b i l i t y  t h a t  f u r t h e r  movement may have ta k e n  

P lace  a lo n g  t h e s e  a n c i e n t  d i s t u r b a n c e s  i n  s u b s e q u e n t  e a r t h  

movements.

Vfhatever th e  p r e c i s e  age o f  t h e s e  d i s t u r b a n c e s  i t  i s  c e r t a i n l y  

th e  c a se  t h a t  th e y  a re  m a jo r  d i s t u r b a n c e s  t h a t  have 

s i g n i f i c a n t l y  deform ed th e  C oal M easu res .  Both d i s t u r b a n c e s  

a f f e c t  w ide b e l t s  o f  g ro u n d :  i n  th e  c a s e  o f  th e  Vale of H eath  

D is tu rb a n c e  th e  f o l d i n g  and f a u l t i n g  a s s o c i a t e d  w i th  i t  

o c c u p ie s  a  b e l t  some 2km. wide c e n t r e d  on th e  d i s t u r b a n c e .

Looking a t  th e  d e t a i l s  o f  th e  d i s t u r b a n c e s  a f f e c t i n g  th e  Coal 

M easures i n  th e  v i c i n i t y  o f  t h e s e  C a le d o n o id  d i s t u r b a n c e s  i t
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can. be s e e n  t h a t  a  s i m i l a r  n a t t e r n  o f  C h a r n o i d  f a u l t s  can  be 

o b s e r v e d  on b o t h  s i d e s  o f  t h e  V ale  o f  H e a th  D i s t u r b a n c e .  The 

n o rm a l  f a u l t s  a l l  p e r s i s t  f o r  a  num ber o f  k i l o m e t r e s  and  t h e  

m a j o r i t y  dow nthrow  to v ;a rd s  t h e  w e s t .  The P a t t e r n  o f  n o rm a l  . 

f . a u l t s  on e i t h e r  s i d e  o f  t h e  V ale  o f  N e a th  D i s t u r b a n c e  i s  

o n ly  b r o a d l y  s i m i l a r ,  s u g g e s t i n g  a  r e l a t e d  t e n s i o n a l  s t r e s s  

f i e l d .  H ow ever ,  a  f a u l t - b y - f a u l t  c o m p a r i s o n  a c r o s s  t h e  V ale  

o f  N e a th  D i s t u r b a n c e  i s  d i f f i c u l t ;  i t  i s  p o s s i b l e  to  i d e n t i f y  

some f a u l t s  w h ich  a p p e a r  t o  be d i s p l a c e d  c o u n t e r p a r t s  o f  

s i m i l a r  n o r m a l  f a u l t s  l y i n g  on  e i t h e r  s i d e  o f  t h e  C a le d o n o id  

d i s t u r b a n c e .  H ow ever, t h e r e  a r e  many n o r m a l  f a u l t s  w h ic h  

hav e  no a p p a r e n t  d i s p l a c e d  c o u n t e r p a r t ;  and  y e t  o t h e r s  w h ic h  

c a n  o n ly  be m a tc h e d  w i t h  f a u l t s  t h r o w in g  i n  t h e  o p p o s i t e  

d i r e c t i o n ,  a n  u n s a t i s f a c t o r y  c o m p a r i s o n .  An e x a m i n a t i o n  o f  th e  

n o rm a l  f a u l t s  w i t h i n  t h e  a r e a  o f  s t u d y  a s  w e l l  as  f u r t h e r  t o  

t h e  e a s t  i n d i c a t e s  t h a t  i t  i s  v e r y  d i f f i c u l t  t o  m a tc h  t h e  

m a j o r i t y  o f  f a u l t s  a c r o s s  t h e  V ale  o f  N e a th  D i s t u r b a n c e .

S in c e  a  c o m p a r i s o n  o f  s u c h  f a u l t s  a c r o s s  t h e  C a le d o n o id  

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

be u s e d  t o  c a l c u l a t e  any  t e a r i n g  co m p o n en t  a l o n g  t h e  V ale o f  

N e a th  D i s t u r b a n c e .

The o v e r t h r u s t i n g  p r e s e n t  on e i t h e r  s i d e  o f  t h e  V ale o f  N e a th  

D i s t r u b a n c e  i s  d i s s i m i l a r :  s o u t h  o f  t h e  d i s t u r b a n c e  t h e  o v e r -  

t l n r i s t i n g  i s  p a r a l l e l  t o  i t ;  w h i l e  b e tw e e n  t h e  Vale o f  N e a th  

D i s t u r b a n c e  and  t h e  Sw ansea  V a l l e y  D i s t u r b a n c e  th e  o v e r t h r u s t i n g  

t r e n d s  i n  a  w e s t - n o r t h - w e s t e r l y  d i r e c t i o n .  , The d i f f e r i n g  

p a t t e r n  o f  o v e r t h r u s t i n g  a t  t h e  N o .2 R hondda  Seam h o r i z o n  i s  

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

e i t h e r  s i d e  o f  t h e  Y ale  o f  N e a th  D i s t u r b a n c e  b o t h  a c t e d  

f ro m  a  s o u t h e r l y  d i r e c t i o n ,  b u t  w i t h  some v a r i a t i o n  i n  t h e  

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

The v a r i a t i o n  i n  c o m p r e s s i o n a l  f o r c e s  c a n  a l s o  be s e e n  i n  

t h e  f o l d s  p r e s e n t  on e i t h e r  s i d e  o f  t h e  V ale  o f  N e a th  

D i s t u r b a n c e .  On t h e  s o u t h  s i d e  t h e  f o l d  a x e s  a r e  g e n e r a l l y  

p a r a l l e l  t o  t h e  d i s t u r b a n c e  a n d  p lu n g e  g e n t l y  t o  t h e  w e s t ;  

o n  t h e  n o r t h  s i d e  t h e  f o l d  a x e s  a r e  p r e d o m i n a n t l y  p a r a l l e l  

t o  t h e  n o r m a l ,  G h a m o i d  f a u l t s :  i n  f a c t  many f o l d  a x e s  a r e  

s i t u a t e d  a l o n g  t h e  f a u l t  p l a n e s ,  so  t h a t  t h e  m a j o r i t y  o f  th e  

a x e s  d i p  t o  t h e  w e s t .

A l th o u g h  t h e  p a t t e r n  o f  t h e  c o m p r e s s i o n a l  s t r u c t u r e s  d i s p l a y s  

many i m p o r t a n t  d i f f e r e n c e s  a c r o s s  t h e  V ale  o f  N e a th  

D i s t u r b a n c e ,  two n o t i c e a b l e  f e a t u r e s  a r e  t h e  same on b o t h  

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

i n t e n s i f y  i n  s i z e  an d  f r e o u e n c y  a s  t h e  V ale  o f  N e a th  D i s 

t u r b a n c e  i s  a p p r o a c h e d  and  a band  a p p r o x i m a t e l y  1km. w ide i s  

s e v e r e l y  d i s t u r b e d  on b o t h  s i d e s  o f  i t  a n d  h a s  b e e n  l a r g e l y  

a v o id e d  by c o a l  m in in g  o p e r a t i o n s .  S e c o n d l y ,  t h e  d e t a i l  o f  

c o m p r e s s i o n a l  s t r u c t u r e s  t e n d s  t o  v a r y  a s  t h e  n o r m a l ,  G h a m o i d  

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

b lo c k  h a s  b e e n  s u b j e c t e d  t o  s i m i l a r  c o m p r e s s i o n a l  s t r e s s e s ,  

t h e  num ber  and  p o s i t i o n  o f  f o l d  and o v e r t h r u s t  s t r u c t u r e s  i s  

o f t e n  d i s s i m i l a r  when c o m p a r in g  a d j a c e n t  f a u l t  b l o c k s .

T h u s ,  t h e r e  a r e  many d i f f e r e n c e s  t o  b e  n o t e d  when c o m p a r in g  

A rm o r ic a n  s t r u c t u r e s  a c r o s s  t h e  V ale o f  N e a th  D i s t u r b a n c e .  

A l th o u g h  t h e  same d e t a i l e d  s t u d y  h a s  n o t  b e e n  made o f  t h e
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Sw ansea V a l le y  D i s tu r b a n c e  h e r e i n ,  a t  l e ^ s t  some o f  t h e  

d i f f e r e n c e s  i n  s t r u c t u r a l  P a t t e r n  o b s e r v e d  a c r o s s  th e  Vale 

o f  N ea th  D i s tu r b a n c e  c a n  a l s o  be s e e n  a c r o s s  t h e  Swansea 

V a l le y  D i s t u r b a n c e .  The o v e r a l l  r e s u l t  i s  t h a t  s t r u c t u r e s  

n o r t h  o f  t h e  Sw ansea V a l le y  D i s t u r b a n c e  a n d  s o u th  o f  t h e  

V ale  o f  N e a th  D i s tu r b a n c e  a r e  s i m i l a r  t o  e a c h  o t h e r ;  b u t  

b o th  a r e  d i s s i m i l a r  t o  t h e  s e c t o r  o f  c o a l f i e l d  w h ich  l i e s  

b e tw e e n  th e m . I t  s h o u ld  be n o t e d  t h a t  t h e  c o m p r e s s io n a l  

s t r u c t u r e s  n o r t h  o f  t h e  Sw ansea V a l l e y  D i s tu r b a n c e  a r e  

s l i g h t l y  more i n t e n s e  t h a n  s o u t h  o f  t h e  V ale  o f  N e a th  

D i s t u r b a n c e .  T h is  t r e n d  c o n t i n u e s  i n  a w e s t e r l y  d i r e c t i o n  

so  t h a t  some o f  t h e  m ost i n t e n s e l y  d i s t u r b e d  a r e ^ s  o f  t h e  

c o a l f i e l d  i s  t h e  G w en d rae th  V a l l e y .  H ow ever, a s  s e e n  i n  t h e  

s tu d y  o f  t h i s  a r e a ,  t h e r e  a r e  many i n t e r e s t i n g  l o c a l  

v a r i a t i o n s  t o  t h i s  b ro a d  t r e n d ,  many o f  w h ic h  a r e  d e s e r v i n g  

o f  c l o s e  s tu d y  to  b u i l d  up  a  d e t a i l e d  s y n t h e s i s  o f  th e  

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

to  a r r i v e  a t  t h e  o v e r a l l  p i c t u r e .

I 8 7



The GeoioQv Of Port Of The North Crop 
Of The South Wales Coalfield.

Chapter 5

-Incompetent S t ruc tu res -

Pages 188-228



CKAFTER 5

INCOMPETENT oTRïïOTIJRES

5.1 I n t r o  du e t  io n

The p re c e d in g  two c h a n te r s  have d e a l t  w i th  th e  s t r u c t u r a l  

framework o f  th e  South  Wales C o a l f i e l d  in  g e n e r a l  and th e  

s t r u c t u r a l  d e t a i l  o f  th e  a r e a  o f  s tu d y .  The p a t t e r n  and 

d e t a i l  o f  norm al f o l d s ,  d i r e c t i o n  and r ^ t e  o f  d in s  have 

been d e s c r ib e d  and d i s c u s s e d  and some o f  th e  l a r g e r  and 

more im p o r ta n t  s t r u c t u r e s  have been  d e a l t  w i th  more f u l l y .

As w i th  any s t r u c t u r a l  d e f o rm a t io n ,  th e s e  s t r u c t u r e s  a r e  

the  r e s p o n s e  to  th e  s t r e s s e s  w h ich  th e  S o u th  Wales C o a l

f i e l d  was s u b je c t e d  to  d u r in g  th e  A rm orican  o ro g en y .  A 

c o n s id e ra b le  amount o f  th o s e  s t r e s s e s  were t a k e n  up i n  th e  

f o rm a t io n  o f  th e  s t r u c t u r e s  a l r e a d y  d e s c r i b e d .  However, 

the p i l e  o f  s e d im e n ts  upon w hich  th o s e  A rm orican  p r e s s u r e s  

a c te d  were n o t  homogeneous, n o r  i s  i t  l i k e l y  t h a t  th e  

p r e s s u r e s  were homogeneous a c r o s s  th e  w hole c o a l f i e l d .  I t  

i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  th e  s t r e s s e s  were n o t  a l l  

n e a t ly  a b so rb e d  by th e  p r i n c i p a l  f a u l t s  and f o l d s .  The 

r e s u l t  o f  th e  u n e q u a l  a p p l i c a t i o n  o f  v a r y in g  o ro g e n ic  

p r e s s u re s  a c t i n g  upon a h ig h l y  v a r i a b l e  p i l e  o f  s e d im e n ts  

was th e  c r e a t i o n  o f  w hat a r e  u s e f u l l y  l a b e l l e d  ’a d ju s tm e n t  

f a u l t s  *.

The t i t l e  i s  p a r t i c u l a r l y  a p p r o p r i a t e  b ecau se  i t  conveys 

the c o n c e p t  o f  a d ju s tm e n t .  The o ro g e n ic  p r e s s u r e s  were 

not c o m p le te ly  a b so rb e d  by th e  m a jo r  s t r u c t u r e s ;  s l i d i n g  

and s h e a r in g  w ere g e n e r a t e d  b ecau se  th e  se d im e n t  p i l e

i 8 8



w o u ld  n o t  f o l d  i n t o  g e o m e t r i c  s t r u c t u r e s .  A d ju s tm e n t  was 

n e c e s s a r y  w here  two s t r u c t u r e s  i n t e r f e r e d ,  e . g .  w here  

f a u l t s  i n t e r s e c t  f o l d s ;  o r  w here  s t r u c t u r e s  a f f e c t e d  b e d s  

w i t h  d i f f e r i n g  p h y s i c a l  and  e n g i n e e r i n g  p r o p e r t i e s  t o  

t h e i r  n e i g h b o u r s .

A n o th e r  te r ra  f r e q u e n t l y  g i v e n  t o  t h e s e  s m a l l  s c a l e  

s t r u c t u r e s  i s  ’ in c o m p e te n t  s t r u c t u r e s ’ . T h is  te rm  

c o n v e n i e n t l y  u s e s  t h e  w ord  ’ s t r u c t u r e ’ i n s t e a d  o f  ’f a u l t ’ 

and  so  e m b ra c e s  some c o m p r e s s i o n a l  f e a t u r e s  w h ic h  a r e  

d i f f i c u l t  t o  d e s c r i b e  a s  ’f a u l t s ’ , a l t h o u g h  many o f  them  

a r e  t h e  r e s u l t  o f  m u l t i p l e  d e f o r m a t i o n  a c h i e v e d  by many 

m i c r o - s h e a r  p l a n e s  and  so  h av e  t h e  e f f e c t  o f  f a u l t i n g .

Many o f  th e  s t r u c t u r e s  a r e  fo u n d  i n  b e d s  o r  g r o u p s  o f  

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

t h e  te r ra  ’ in c o m p e te n t  s t r u c t u r e s ’ more c o n v e n i e n t l y  

d e s c r i b e s  t h i s .

B ecause  o f  t h e  a u t h o r ’ s p r a c t i c a l  b a c k g ro u n d  a s  a  m in in g  

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

p a r t  o f  e v e ry d a y  l i f e .  The te r m  ’ i n c o m p e te n t  s t r u c t u r e s ’ 

more a p t l y  c o n v e y s  e n g i n e e r i n g  c o n c e p t s  and  c o n s i d e r a t i o n s  

and  so w i l l  be t h e  p r e f e r r e d  t e r m  and w i l l  be u s e d  i n  t h i s  

t h e s i s .

The te rm  a l s o  i n t r o d u c e s  and  c o n v e y s  t h e  c o n c e p t  o f

s t r u c t u r a l  r e g im e s  w h ic h  a r e  s t r a t i g r a p h i c a l l y  c o n t r o l l e d ,

i n  c o n t r a s t  t o  s t r u c t u r a l  r e g im e s  w h ic h  a r e  more

c o n v e n i e n t l y  d e s c r i b e d  i n  g e o g r a p h i c  t e r m s .  The l a t t e r

c o n c e p t  i s  t h e  more e a s i l y  a p p r e c i a t e d  and  i s  common i n

s t r u c t u r a l  s t u d i e s .  I t  i s  more d i f f i c u l t  t o  a p p r e c i a t e

th e  i d e a  o f  s t r u c t u r a l  r e g im e s  w h ic h  ch an g e  v e r t i c a l l y
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( s t r a t i g r a p h i c a l l y ;  and n o t  l a t e r a l l y .  One c a n  r e a d i l y  

a p p r e c i a t e  t h a t  a  g i v e n  s t r a t i g r a p h i e  h o r i z o n  i s  d i s t u r b e d  

and i t  s o v e r l y i n g  n e ig h b o u r  i s  n o t  b e c a u s e  t h e  l a t t e r  was 

d e p o s i t e d  a f t e r  t h e  d e f o r m a t i o n .  The G o a l M easu res  i n  S o u th  

W ales d i s p l a y  s t r u c t u r e  p a t t e r n s  w h ic h  v a r y  s t r a t i g r a p h i c a l l y  

and  a l l  t h e  m e a s u re s  w ere  p r e s e n t  when t h e  s t r u c t u r a l  

d e f o r m a t i o n  to o k  p l a c e .  The v a r i a t i o n  r e s u l t s  from  th e  

d i f f e r i n g  p h y s i c a l  p r o p e r t i e s  o f  t h e  b e d s ,  t h e  ’a d j u s t m e n t ’ 

f a c t o r  and t h e  f a c t  t h a t  t h e  o r o g e n i c  n r e s s u r e s  w ere  n o t  

hom ogeneous a c r o s s  t h e  c o a l f i e l d .  W h i l s t  g e o l o g i s t s  m ig h t  

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

to  a p p r e c i a t e  one b ed  ( p a r t i c u l a r l y  a  c o a l  seam ; may be 

r e l a t i v e l y  u n f a u l t e d ,  an  a d j a c e n t  bed  ( o r  c o a l  seam ; some 10 

o r  15m above o r  be low  may o i s p l a y  a v e r y  d i f f e r e n t  d e g r e e  

o f  s t r u c t u r a l  d e f o r m a t i o n .  As a  c o n s e q u e n c e  o f  t h e  v e ry  

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

v e r t i c a l  e x t e n t  a r e  o f t e n  v e r y  d i f f i c u l t .  I n  m in in g  te r m s  

su c h  s t r u c t u r e s  a r e  c l e a r l y  v e r y  i m p o r t a n t  and  i t  i s  

e s s e n t i a l  f o r  t h e  m in in g  g e o l o g i s t  to  h a v e  a good u n d e r s t a n d i n g  

o f  them and o f  t h e i r  f o r m a t i o n  so t h a t  o t h e r  s p e c i a l i s t s  c a n  

be a d v i s e d  a b o u t  t h e i r  l i k e l y  im p a c t  u P o n  m in in g  o p e r a t i o n s .

The f r e q u e n c y  and d e g r e e  o f  in c o m p e te n t  s t r i p c t u r e s  i n  J o u t h  

.’. a l e s  i n c r e a s e s  to w a rd s  t h e  n o r t h - w e s t .  H ow ever, i t  n e e d s  

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

i n  f a c t  some h av e  r e c e n t l y  b een  i d e n t i f i e d  and d e s c r i b e d  i n  

t h e  L e i c e s t e r s h i r e  C o a l f i e l d  ( P e r s o n a l  C o m m u n ic a t io n ; .  The 

a r e a  o f  s tu d y  f o r  t h i s  t h e s i s  l i e s  on

/ C e n t
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the e a s t e r n  m arg in  o f  th e  a n t h r a c i t e  c o a l f i e l d  and so i s  

in  th e  n o r th - w e s t  o u a d ra n t  o f  t h e  South Wales C o a l f i e l d  

(see  P i g . 1 . 4 ) .  Incom peten t s t r u c t u r e s  a re  t h e r e f o r e  

common in  th e  a r e a  o f  s tu d y :  th e y  g r e a t l y  in f lu e n c e  c o a l  

mining o p e r a t io n s  i n  th e  a r e a  and a l s o  c o n s t i t u t e  an 

im p o r ta n t  s t r u c t u r a l  f e a t u r e .  As su ch ,  th e s e  s t r u c t u r e s  

are  d e s e rv in g  o f  a  p la c e  i n  any s t r u c t u r a l  a n p r a i s a l  o f  

t h i s  a r e a .

Such in co m p e ten t  s t r u c t u r e s  a re  found  a c ro s s  th e  c o a l f i e l d  

and based  upon o b s e r v a t i o n s ,  a  d e s c r i p t i v e  c l a s s i f i c a t i o n  

( P i g . 5 .1 )  o f  in co m p e ten t s t r u c t u r e s  in  South  Wales has  

been d e v ise d  by th e  a u th o r .  Not a l l  th e  in co m p eten t 

s t r u c t u r e s  a r e  found w i t h i n  th e  a r e a  o f  s tu d y  b u t  th e  

c l a s s i f i c a t i o n  c o n t r ib u t e s  to w ard s  an o v e r a l l  u n d e r 

s ta n d in g  o f  th e  n a tu re  o f  th e  s t r u c t u r e s  as th e y  a re  

found i n  S ou th  Wales; as  w e l l  as  c o n t r i b u t i n g  to  th e  o v e r 

a l l  p i c t u r e  o f  th e  s t r u c t u r a l  h i s t o r y  o f  th e  c o a l f i e l d .

I t  i s  t h e r e f o r e  n e c e s s a ry  t o  d e a l  w i th  th e  com plete 

spectrum  of  inco m p eten t s t r u c t u r e s  to  b u i l d  up- th e  

s t r u c t u r a l  p a t t e r n .  W h i ls t  r a t h e r  more a t t e n t i o n  m ight 

be g iv en  to  th o s e  in co m p e ten t s t r u c t u r e s  found  w i t h i n  th e  

a re a  o f  s tu d y ,  th o se  s t r u c t u r e s  found  o u t s id e  th e  a r e a  of 

study  w i l l  be d e s c r ib e d  and i l l u s t r a t e d  by means o f  

diagram s and a r e f e r e n c e  map to  l o c a t e  them.

Scale  i s  g e n e r a l l y  a s u b j e c t i v e  te rm  and ’ l a r g e ’ means 

d i f f e r e n t  t h in g s  to  d i f f e r e n t  p e o p le ,  o r  in d eed  to  th e  

same peop le  a t  d i f f e r e n t  t im e s .  As a p p l ie d  to  in co m p e ten t
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s t r u c t u r e s  t h e  d e s c r i p t i o n  ’ l a r g e  s c a l e ’ i s  h e r e  u s e d  

i n  r e f e r e n c e  t o  t h e i r  mode o f  f o r m a t i o n .  M in in g  

G e o l o g i s t s  g e n e r a l l y  r e g a r d  t h e  S o u th  W ales C o a l f i e l d  

a s  tv;o v e r y  d i f f e r e n t  c o a l f i e l d s :  one v e r t i c a l l y  above  

t h e  o t h e r .  T h is  c o n c e p t  i s  b a s e d  u p o n  th e  o b s e r v a t i o n  

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

a r g i l l a c e o u s  lo w e r  m e a s u re s  i s  f a r  more i n t e n s e  t h a n  

t h e  d e f o r m a t i o n  i n  t h e  u p p e r ,  more a r e n a c e o u s  m e a s u r e s .  

Thus many c o l l i e r i e s  o p e r a t i n g  w i t h i n  t h e  d e fo rm e d  

in c o m p e te n t  m e a s u re s  s t r u g g l e  t o  be p r o f i t a b l e ,  w h i l s t  

Be t v s  C o l l i e r y  o p e r a t e s  v e r t i c a l l y  above  them  a s  one o f  

t h e  m ost p r o f i t a b l e  c o a l  m in e s  i n  G r e a t  B r i t a i n  b e c a u s e  

i t  m ines  a  seam h i g h e r  i n  t h e  s e q u e n c e  i n  l e s s  d e fo rm e d  

s t r a t a .

T h is  t w o - f o l d  d i v i s i o n  o f  t h e  S o u th  W ales C o a l f i e l d  i s  

based uPon s t r u c t u r a l  o b s e r v a t i o n s  b u t  i s  r e f l e c t e d  i n  

econom ic  d i f f e r e n c e s  i n  c o l l i e r i e s  o p e r a t i n g  on  t h e  

a n t h r a c i t e  c o a l f i e l d .  I f  a  m odel i s  t o  be e r e c t e d  i n  

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

t h e n  t h e  S o u th  W ales C o a l f i e l d  s h o u ld  m ore p r o p e r l y  be 

d i v i d e d  t h r e e - f o l d  t h e r e  b e in g  t h r e e  c o a l f i e l d s  s t a c k e d  

v e r t i c a l l y  uPon e a c h  o t h e r .  The t h i r d  d i v i s i o n  i s  made 

UP o f  t h e  t h i c k  s a n d s t o n e s  w h ic h  a r e  p r e s e n t  i n  t h e  lo w e r  

200m o f  t h e  C o a l  M e a s u r e s .  I n  f a c t  no c o a l  seam s a r e  

e x p l o i t e d  f ro m  t h i s  p a r t  o f  t h e  s e n u e n c e  so t h a t  i t  i s  

c u r r e n t l y  o f  no econom ic  v a l u e .  However, t h e s e  t h i c k  

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

t h e  u n d e r l y i n g  N am urian  and  A v o n ia n  m e a s u r e s :  t h e s e  l a t t e r  

two C a r b o n i f e r o u s  s u b - d i v i s i o n s  do n o t  c o n t a i n  econom ic
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c o a l  d e p o s i t s  i n  S o u th  W ales ,  i n  f a c t  t h e  A vonian  l i m e 

s to n e s  do n o t  c o n t a i n  any c o a l  a t  a l l .  In  s t r u c t u r a l  te rm s  

th ey  have h ad  a p ro fo u n d  e f f e c t  up o n  th e  c o a l - b e a r i n g  

s t r a t a  w hich  c o m n rise  t h e  econom ic S o u th  Wales C o a l f i e l d .

The com petence o f  t h e  A vonian  l i m e s t o n e s  and  th e  

P re d o m in a n t ly  a r e n a c e o u s  ïïam urian  m i l l s t o n e  g r i t  s e n u e n c e ,  

t o g e t h e r  w i th  t h e  s a n d s to n e s  i n  t h e  lo w e r  p a r t  o f  t h e  Coal 

M easures fo rm  a  s t r u c t u r a l  u n i t  w h ich  m i r r o r s  th e  co m p e te n t  

Pennan t M easu res  s i t u a t e d  h ig h  i n  t h e  C oal M e a su re s .

A p a t t e r n  i s  t h e r e f o r e  p r e s e n t  o f  two t h i c k  co m p e ten t  

seq u en ces  w i t h  a  c e n t r a l  much l e s s  c o m p e te n t  seq u en ce  o f  

t h i c k e r  c o a l s  and s e a t e a r t h s  w i t h  p r e d o m in a n t ly  

a r g i l l a c e o u s  i n t e r - c o a l  m e a s u re s .  The h i g h e r  and lo w e r  

com peten t u n i t s  c o n t a i n  v e r y  few in c o m p e te n t  s t r u c t u r e s ,  

w h ile  th e y  abound i n  th e  c e n t r a l  ’ s a n d w ic h e d ’ s e q u e n c e  o f  

l e s s  c o m p e te n t  m e a s u re s .  The te rm  ' l a r g e  s c a l e ’ in c o m p e te n t  

s t r u c t u r e s  i s  i n t e n d e d  to  r e f e r  t o  t h o s e  s t r u c t u r e s  w hich

I a f f e c t  m ost o f  t h i s  c e n t r a l  in c o m p e te n t  s e q u e n c e  and w hich

I r e s u l t  from  t h e  b e h a v io u r  o f  t h e s e  two c o m p e te n t  b lo c k s

a c t i n g  on  t h e  c e n t r a l  l e s s  c o m p e te n t  s e q u e n c e .

5.2.1 T e n s io n a l  S t r u c t u r e s

Large s c a l e  t e n s i o n a l  in c o m p e te n t  s t r u c t u r e s ,  by d e f i n i t i o n ,  

must owe t h e i r  g e n e r a t i o n  to  t e n s i o n a l  f o r c e s  and m ust be 

such t h a t  th e y  a f f e c t  much o f  t h e  c e n t r a l  l e s s  c o m p e te n t  

u n i t  o f  m e a s u re s .  The o n ly  t e n s i o n a l  s t r u c t u r e s  r e c o g n i s e d  

to  d a te  w h ich  a f f e c t  t h e s e  l e s s  c o m p e te n t  m easu res  a s  a 

u n i t  a r e  ’s l i d e  s t r u c t u r e s ’ . S l i d e  s t r u c t u r e s  a r e  l a r g e  

normal f a u l t s  w h ich  have th e  a p p e a ra n c e  o f  r o t a t i o n a l

1 Ô 3



f a i l u r e s ,  th o u g h  th e y  a f f e c t  s o l i d  r o c k  and te n d  t o  a f f e c t  

the m easu res  f o r  a  number o f  k i l o m e t r e s .

There a r e  no su ch  t e n s i o n a l  f a i l u r e s  w i t h i n  t h e  a r e a  o f  

s tu d y ,  a l th o u g h  a w e l l  docum ented  exam ple a f f e c t s  th e  

m easures a t  th e  s o u th e r n  end o f  th e  Tower C o l l i e r y  w o rk in g s  

which a r e  im m e d ia te ly  to  t h e  e a s t  o f  t h e  a r e a  o f  s t u d y .

This s t r u c t u r e  i s  known as  th e  ' I ’e r n h i l l  S l i d e '  b e c a u se  i t  

a f f e c t e d  much o f  th e  w o rk in g s  o f  t h e  now c l o s e d  P e r n h i l l  

C o l l i e r y .  The P e r n h i l l  S l i d e  i s  u s e d  i n  c o n j u n c t i o n  w i th  

the J u b i l e e  S l i d e  to  f o r m u la te  a  th o ro u g h  d e s c r i p t i o n  o f  

such s t r u c t u r e s .

The J u b i l e e  S l i d e  a f f e c t s  th e  w o rk in g s  i n  a  number o f  

c o l l i e r i e s  i n  th e  a r e a  n o r t h  o f  M aesteg  ( se e  P i g . 5 .2  f o r  

l o c a t i o n ) ,  i n c l u d i n g  S t .  J o h n 's  C o l l i e r y .  I t  was h e r e  

t h a t  s l i d e  s t r u c t u r e s  w ere  f i r s t  r e c o g n i s e d  and d e s c r ib e d  

by Woodland and Evans 1964. T h is  a r e a  was th o ro u g h ly  

examined i n  t h e  l a t e  ig y O 's  by means o f  a  number o f  b o r e 

h o le s  d r i l l e d  from  th e  s u r f a c e  by t h e  N .C .B . ,  b o r e h o le s  

which p r o v id e d  much i n f o r m a t io n  a b o u t  th e  J u b i l e e  S l id e  

s t r u c t u r e .  I t  i s  t h i s  i n f o r m a t i o n ,  com bined w i t h  t h i s  

a u t h o r ' s  work on th e  P e m h i l l  S l i d e  w h ich  p ro v id e  th e  

d e t a i l e d  in f o r m a t i o n  u s e d  h e r e  t o  d e s c r i b e  ' S l i d e s ' .  The 

J u b i l e e  S l i d e  and th e  P e r n h i l l  S l i d e  a r e  two exam ples  o f  

the same s t r u c t u r e ,  a l t h o u g h  t h e  P e m h i l l  S l i d e  can  h a r d l y  

be d e t e c t e d  above th e  h o r i z o n  o f  th e  G o rllw y n  Seam; i t  i s  

r e p r e s e n t e d  by a  3m n o rm a l f a u l t  a t  t h e  ITo.2 Rhondda Seam 

and i s  h a r d l y  r e c o g n i s a b l e  am ongst f a u l t s  a f f e c t i n g  th e  

seam. At t h e  G orllw yn  Seam th e  s t r u c t u r e  can  be r e c o g n i s e d

1 9 4
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becau se  th e  d ip  o f  t h e  f a u l t  i s  o n ly  40° ;  and th e  w an t o f  

the  f a u l t s  r a p i d l y  i n c r e a s e s  t o  i n  e x c e s s  o f  100m. F ig u re  

5.3  i l l u s t r a t e s  t h e  s t r u c t u r e  a s  i t  i s  s e e n  a t  t h e  G orllw yn  

Seam h o r i z o n :  th e  s t r u c t u r e  i s  r e c o g n i s a b l e  a s  a  zone o f  

c o n v e rg in g  no rm al f a u l t s ,  e a c h  one h a v in g  a  r a p i d l y  

i n c r e a s i n g  w ant i n t o  t h e  s t r u c t u r e .  The Two F e e t  N in e ,

Four F e e t  and S ix  F e e t  Seams w ere  a l l  e x t e n s i v e l y  w orked  

around  t h e  F e m h i l l  S l i d e  i n  a  f a s h i o n  s i m i l a r  to  th e  

G orllw yn Seam: th e  s l i d e  i s  r e a d i l y  s e e n  on th e  s t r u c t u r e  

p la n  o f  e a c h  seam ( se e  F i g . 5 . 4 ) .  As th e  s l i d e  i s  exam ined 

in  s u c c e s s i v e l y  lo w e r  seams i t  s a r e a  o f  i n f l u e n c e  

i n c r e a s e s ,

When exam ined  i n  th e  N ine F e e t  Seam th e  w a n t  i s  some 3/4km . 

wide and th e  s o u th e r n  m o s t  e x t r e m i t y  o f  t h e  s t r u c t u r e  i s  

o v e r  3km. s o u th  o f  t h e  s t r u c t u r e  i n  t h e  G o r llw y n  Seam.

The s t r u c t u r e  i s  v i r t u a l l y  h o r i z o n t a l  a t  t h i s  h o r i z o n ;  

th o u g h  a  d e t a i l e d  e x a m in a t io n  r e v e a l s  t h a t  i t  u n d u l a t e s  

g e n t l y .  The F e r n h i l l  S l i d e  c a n  be t r a c e d  f o r  some 2km, 

th ro u g h  F e r n h i l l  N o .5 s h a f t  ( F i g . 5 . 5 ) ,  w here i t  u n d u l a t e s  

i n  t h e  band  o f  g round  l y i n g  below  t h e  S ix  F e e t  Seam and 

above th e  Bute Seam, The i n t e r v a l  be tw een  th e  S ix  F e e t  

Seam and th e  Nine F e e t  Seam v a r i e s  r a p i d l y  and e r r a t i c a l l y  

from i t ' s  u s u a l  40n to  l e s s  t h a n  10m,

The F e m h i l l  S l i d e  a f f e c t s  an  a r e a  o f  th e  c o a l f i e l d  w h ich  

i s  f o ld e d  i n t o  a v e ry  open  s y n c l i n e : f i g u r e  3 . 4  i l l u s t r a t e s  

how th e  m ea su re s  change t h e i r  d i r e c t i o n  o f  d ip  i n  th e  

v i c i n i t y  o f  F e r n h i l l  S h a f t  3 .  I t  i s  a  m a t t e r  o f  c o n j e c t u r e  

as to  w hat happens  to  t h e  F e r n h i l l  S l i d e  a s  i t  e n c o u n te r s

195.
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F

t h i s  change o f  s t r a t a  d i p .  To c o n t in u e  a f f e c t i n g  t h e  same 

s t r a t i g r a p h i e  h o r i z o n  th e  s l i d e  w ould  a l s o  have t o  t a k e  on 

a n o r t h e r l y  d i p :  su c h  a s t r u c t u r e  i s  d i f f i c u l t  to  e n v i s a g e .  

A l t e r n a t i v e l y  th e  s l i d e  c o u ld  s t e e p e n  i t  s d i p  to w a rd s  th e  

s o u th  and m i r r o r  i t  s h i g h e r  p o r t i o n  a ro u n d  th e  G orllw yn  

Seam. A t h i r d  a l t e r n a t i v e  i s  t h e  one shown on t h e  c r o s s -  

s e c t i o n  ( P i g . 5 .5 )  w here th e  s l i d e  r u n s  o u t  a s  th e  s t r a t a  

d ip  c h a n g e s .

The P e r n h i l l  S l i d e  h a s  n o t  b een  e n c o u n te r e d  o r  p ro v e d  i n  

m easu res  below  th e  Bute Seam so t h a t  th e  r e c o r d s  o f  o ld  

w o rk in g s  do n o t  p r o v id e  th e  d a t a  n e e d e d  to  r e s o l v e  th e  

m a t t e r .  However, t h e  d r i l l i n g  s o u th  o f  S t .  J o h n 's  C o l l i e r y  

s u g g e s te d  t h a t  th e  J u b i l e e  S l id e  does n o t  a f f e c t  t h e  

m easures  below  th e  Bute Seam. The a r e a  s o u th  o f  th e  

J u b i l e e  S l i d e  i n  t h e  Bute Seam i s  a f f e c t e d  by a  s e r i e s  o f  

o v e r t h r u s t s , p u s h in g  t h e  g ro u n d  up  o v e r  th e  to e  o f  th e  

s l i d e  s t r u c t u r e :  s i m i l a r  l a r g e  o v e r t h r u s t s  have b een  

p roved  i n  w o rk in g s  s o u th  o f  Tower C o l l i e r y ,  f o r  exam ple 

th e  D inas  O v e r t h r u s t  h a s  a  n o r th w a rd  d i s p l a c e m e n t  o f  40m, 

( P i g . 5 . 4 ) .

I f  th e  p r o v in g s  o f  th e  P e r n h i l l  S l i d e  a r e  combined w i t h  

th e  p r o v in g s  o f  th e  J u b i l e e  S l i d e  a  p i c t u r e  i s  b u i l t  up 

o f  a  l a r g e  f a u l t  s t r i k i n g  e a s t - w e s t  and d ip p in g  to  th e  

s o u th ,  h a v in g  a  d i s p la c e m e n t  i n  a  n o rm a l s e n s e .  The 

f a u l t ,  o r  s l i d e ,  h a s  a  d ip  s t e e p e r  t h a n  50° w here i t  can  

be i d e n t i f i e d  n e a r  t h e  H o .2 Rhondda Seam and becomes 

p r o g r e s s i v e l y  more g e n t l y  d ip p in g  a t  lo w e r  h o r i z o n s  to  

become n e a r l y  h o r i z o n t a l  i n  t h e  r e g i o n  o f  t h e  n in e  P e e t
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qnd Bate Seam s. At t h e  s o u t h e r n  e x t r e m i t y  o f  t h e  s t r u c t u r e  

t h e r e  i s  l a r g e  s c a l e  o v e r t h r u s t i n g  d i r e c t e d  n o r th w a r d s  o v e r  

t h e  t o e  o f  t h e  s l i d e  ( s e e  P i g . 5 . 6 ) .

H ear  th e  H o .2 Rhondda Seam t h e  v e r t i c a l  d i s p l a c e m e n t  i s  

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  h o r i z o n t a l ;  i n  t h e  v i c i n i t y  

o f  t h e  Nine P e e t  an d  Bute Seams b o t h  t h e  h o r i z o n t a l  and  

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

t e r m s ,  b u t  t h e  h o r i z o n t a l  d i s p l a c e m e n t  now g r e a t l y  e x c e e d s  

t h e  v e r t i c a l  d i s p l a c e m e n t  ( s e e  P i g . 5 . 7 ) .  An e x a m i n a t i o n  

o f  th e  c r o s s - s e c t i o n  r e v e a l s  t h e  c u r v e d  n a t u r e  o f  t h e  

f a u l t  s t r u c t u r e .  The m anner i n  w h ic h  t h e  m e a s u re s  h av e  

b e e n  d i s p l a c e d  i l l u s t r a t e s  a s u p e r f i c i a l  s i m i l a r i t y  b e tw e e n  

t h e  s l i d e  s t r u c t u r e  and  a r o t a t i o n a l  l a n d s l i p  f a i l u r e  

( P i g . 5 . 8 ) .  The r o t a t i o n a l  f a i l u r e  t a k e s  p l a c e  i n  

u n c o n s o l i d a t e d  m a t e r i a l  i n  a f r e e - s u r f a c e  c o n d i t i o n .  I t  

w i l l  be d e m o n s t r a t e d  i n  t h i s  s e c t i o n  t h a t  s l i d e  s t r u c t u r e s  

a r e  a n  i n t e r g r a l  f e a t u r e  o f  t h e  s t r u c t u r e s  a m o n g s t  w h ic h  

t h e y  o c c u r ;  t h i s  i n d i c a t e s  t h a t  t h e  s l i d e  s t r u c t u r e  c o u l d  

n o t  have fo rm e d  i n  t h e  s^me m anner a s  a r o t a t i o n a l  f a i l u r e  

and  any s i m i l a r i t y  i s  s u p e r f i c i a l .

An e x a m in a t io n  o f  th e  l a t e r a l  e x t e n t  o f  t h e  P e r n h i l l  S l i d e  

w i l l  d e m o n s t r a t e  t h a t  a t  i t ’s w e s t e r n  e x t r e m i t y  i t  r u n s  o u t  

i n t o  a s e r i e s  o f  n o rm a l  f a u l t s .  In  t h e  G o r l lw y n  Seam t h e r e  

a r e  o n ly  t h r e e  n o rm a l  f a u l t s  w h ich  d i m i n i s h  r a p i d l y  away 

from  th e  S l i d e .  I n  t h e  N ine P e e t  Seam t h e  G ly n co rrw g  

C o l l i e r y  w o rk in g s  s t o p p e d  a s  t h e y  a p p r o a c h e d  t h e  P e r n h i l l  

S l i d e  and e n c o u n t e r e d  a b e l t  o f  i n t e n s e l y  f a u l t e d  g r o u n d .
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\ t  a l l  seam h o r i z o n s  t h e  e a s t e r n  m a r g in  o f  t h e  P e r n h i l l  

S l i d e  i s  t h e  Hir-/;aun ITo.2 l F a u l t .  T h e re  h a v e  b e e n  

e x t e n s i v e  w o rk in g s  i n  a  num ber o f  t h e  seam s o f  t h e  K id d le  

Goal M ea su re s  f ro m  Mardy C o l l i e r y  on  t h e  e a s t  s i d e  o f  t h e  

H irw aun Ko.2A F a u l t ,  w here  t h e  P e m h i l l  S l i d e  i s  

r e p r e s e n t e d  by a  b e l t  o f  t i g h t l y  f o l d e d  and  o v e r t h r u s t e d  

m e a s u re s .  I t  i s  t h e r e f o r e  c l e a r  t h a t  t h e  H irw aun  Ho.2A 

F a u l t  was fo rm e d  p r i o r  t o  t h e  P e r n h i l l  S l i d e  and  a l t h o u g h  

th e  g ro u n d  o n  b o t h  s i d e s  o f  i t  h a s  b e e n  s u b j e c t e d  t o  s t r e s s  

and h a s  d e fo rm e d ,  t h e  H irw aun  No.2A P a u l t  a l lo w e d  t h e  

m easu res  on t h e  two s i d e s  t o  move r e l a t i v e  t o  e a c h  o t h e r ,  

z h e re b y  d e f o rm in g  i n d e p e n d a n t l y . T h i s  m eans t h a t  t h e  

P e r n h i l l  S l i d e  fo rm e d  i n  s o l i d  r o c k  and  n o t  i n  u n s t a b l e  

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

The c o m p e n s a t in g  o v e r t h r u s t i n g  and  a r c h i n g  o f  s t r a t a  o v e r  

th e  t o e  o f  t h e  s l i d e  s u g g e s t s  t h a t  t h e r e  was m a t e r i a l  s o u t h  

c f  t h e  s l i d e  t o  a c t  a s  a  r e s i s t a n t  b l o c k  and  to  e n c o u ra g e  

th e  f o r m a t i o n  o f  t h e  o v e r t h r u s t s .  T h i s ,  co m bined  w i t h  

the  o b s e r v e d  a r c h i n g  o f  s t r a t a  o v e r  t h e  t o e  o f  t h e  s l i d e ,  

means t h a t  t h e  s l i d e  c o u ld  n o t  h av e  fo rm e d  w h i l e  a  f r e e  

s i r  s u r f a c e  was p r e s e n t .  The s i m i l a r i t y  b e tw e e n  t h e  

F e r n h i l l  S l i d e  and  a  r o t a t i o n a l  f a i l u r e  i s  c l e a r l y  l i m i t e d  

to a n p e a r a n c e  and th e  two m u st  h av e  fo rm e d  u n d e r  v e r y  

d i f f e r e n t  c o n d i t i o n s .

G e o l o g i s t s  f ro m  t h e  B r i t i s h  G e o l o g i c a l  S u rv e y  h a v e ,  a t  

d i f f e r e n t  t i m e s ,  s u g g e s t e d  t h a t  s u c h  s t r u c t u r e s  a r e  

g r a v i t a t i o n a l  ( p e r s o n a l  C o m m u n ic a t io n ) .  The o v e r a l l  

a o n e a ra n c e  o f  t h e  s t r u c t u r e  l e n d s  i t s e l f  t o  s u c h  an  i d e a ,
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Foundation Failures Resembling Configurations  
Of Faults In Sedimentary Rocks.

(After Terzoghi and Peck 1948)

Fill

Clay

q) Rotational slip in foundation due to localised 
loading of uniform clay.

Fill

Clay

b) Base failure due to loading of foundation with 
thin clay.

We how similar the appearance of the planes of movement are in the 
CQses of a base failure and a typical slide structure.

Figure  5.8



a s  was th e  c a s e  w i th  t h e  r o t a t i o n a l  f a i l u r e .  H ow ever, one 

i s  l e f t  w i t h  t h e  q u e s t i o n  o f  t i m i n g ,  i f  t h e  s t r u c t u r e  

fo rm ed  d u r in g  ( o r  a f t e r ;  t h e  A rm o ric a n  o r o g e n y , a s  i t  m u s t  

h a v e ,  t h e n  i t  fo rm e d  i n  r o c k  and  fo rm ed  s o u th w a rd s  i n t o  a

s o d i m e n t b a s i n  w h ic h  was f u l l  o f  c o n te m p o r a ry  s e d im e n t  

i . e .  t h e  s lu m p in g  m a t e r i a l  h a d  no b a s i n  i n  w h ic h  t o  be

d e p o s i t e d .

The c u r v e d  n a t u r e  o f  t h e  s l i d e  s t r u c t u r e  i s  an  e x t e n s i o n  

o f  l i s t r i c  f a u l t s  ( S h e l t o n  1 9 8 4 ) .  B a l ly  e t  a l .  ( 1 9 8 1 J 

n o te d  t h a t  su c h  f a u l t s  w ere  d e s c r i b e d  i n  t h e  e a r l y  p a r t  o f  

t h i s  c e n t u r y  by Edward S u e s s ,  v;ho o b s e r v e d  t h e  s t r u c t u r e s  

i n  c o a l  m ines  i n  F r a n c e .  S h e l t o n  (1984) made th e  f o l l o w i n g  

comments r e g a r d i n g  l i s t r i c  f a u l t s :

The d i p  o f  t h e  f a u l t  p l a n e  f l a t t e n s  a t  d e p t h ,  so t h a t  m ost 

n o rm a l  f a u l t s  a r e  l i s t r i c  f a u l t s .

They o c c u r  i n  l o c a l i s e d  a r e a s  o f  e x t e n s i o n  w i t h i n  a  

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

B i f u r c a t i o n  o f  t h e  f a u l t  i s  common, p a r t i c u l a r l y  n e a r  t h e  

m a r g in s .

T here  i s  a  g r e a t  v a r i a t i o n  o f  t h e  th ro w  o f  t h e  f a u l t  

a lo n g  i t ’ s l e n g t h .

Many a r e  s t r i k e  f a u l t s ,  t h e  movement b e i n g  d i p - s l i p  and  

r o t a t i o n a l  i n  n a t u r e .

They t e n d  t o  o c c u r  w h ere  b r i t t l e  r o c k s  o v e r l i e  a  d u c t i l e  

s e q u e n c e .

1 9 9



Listric Normal Faults.
(After J.H.Shelton 1984)

2 sec -

Ductite
Shale

• %

4 sec -

5 ml.
5 km.

q ) Seismic cross section of offshore Texas showing listric normal faults 
above ductile shale,which is probably an incipient diapir.(Originally 
after Bruce 1973.)

Oligocene sand with shale 

r : : - - — — ------------------------------------------------- ------------------- -----------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------- \   7

\

\
Eocene shale g

g

.2000 ft.
'500m.

^ h Q l e
\

b) Cross section of North Maude Taylor field.Jackson and Calhoun Counties, 
Texas.Listric normal fault is related to flowage of ductile Eocene shale. 
(Originally after unpublished Shell Oil Co. report.)

Note the differences between listric normal faults and slide structures-.the 
presence of ductile beds below listric normal faults;the absence of a semi- 

■ horizontal  lower portion to listric normal faults;the behaviour of the 
downthrown beds. Figure 5.9



They a re  an  i n t e g r a l  f e a t u r e  o f  b a s i n  d e v e lo p m e n t .

L i s t r i c  f a u l t s  w ould  o f f e r  a  c l o s e r  c o m p a r iso n  w i t h  s l i d e  

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

deed , a l l  t h e  above l i s t e d  o b s e r v a t i o n s  from  S h e l to n  a p p ly  

to  th e  s l i d e  s t r u c t u r e s  o f  th e  S o u th  W ales C o a l f i e l d .  In

none o f  th e  exam ples  q u o te d  by S h e l to n  ( P i g . 5 .9 )  does th e

l i s t r i c  f a u l t  p la n e  f l a t t e n  t o  t h e  e x t e n t  o b s e rv e d  i n  

Sou th  Wales s l i d e  s t r u c t u r e s .  F u r t h e r ,  t h e  d u c t i l e  

b e h a v io u r  o f  th e  m easu res  belovf t h e  l i s t r i c  f a u l t s  i s  much 

more ex trem e and on a  l a r g e r  s c a l e  t h a n  th e  d i s t o r t i o n  

o b se rv e d  i n  th e  l e s s  c o m p e te n t  m easu res  i n  S o u th  W ales .

T h is  p r e s e n t  a u t h o r  i s  o f  th e  o p in io n  t h a t  t h e s e  two 

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

e s s e n t i a l l y  d i f f e r e n t  t o  l i s t r i c  f a u l t s .  The f o r m a t io n  o f  

th e  s l i d e  s t r u c t u r e s  i s  d i s c u s s e d  i n  more d e t a i l  i n  th e  

f o l lo w in g  c h a p t e r .

When i t  was f i r s t  d e s c r i b e d ,  th e  J u b i l e e  S l i d e  was th o u g h t  

to  be u n iq u e  i n  t h i s  c o a l f i e l d .  I n  I 968 th e  P e r n h i l l  

S l id e  was d e s c r i b e d  and r e c o g n i s e d  by t h e  g e o l o g i s t s  o f  

th e  N a t io n a l  C o a l Board . I t  was o n ly  i n  t h e  l a t e  1970*8 

t h a t  b o th  s t r u c t u r e s  w ere  th o ro u g h ly  d e s c r i b e d  i n  i n t e r n a l  

N.G.B. d o cum en ts .  S in c e  t h e n  a  s i m i l a r  s t r u c t u r e  h a s  been  

r e c o g n i s e d  a t  Lady W indsor C o l l i e r y  n e a r  A bercynon ( J .  Webb, 

p e r s o n a l  C o m m u n ica t io n ) .  T h is  s t r u c t u r e  i s  s t i l l  b e in g  

e v a lu a te d  as  w o rk in g s  and p r o v in g s  e x n lo r e  t h e  a r e a  a ro u n d  

i t ;  i t  i s  r e l a t i v e l y  s m a l l  com nared to  th e  P e r n h i l l  S l i d e ,  

b e in g  l e s s  t h a n  0 .75km , i n  l a t e r a l  e x t e n t ,  b u t  i s  c o n f in e d  

betw een two l a r g e  norm al f a u l t s  w h ich  fo rm  a  t r o u g h .  As
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f u r t h e r  e x p l o i t a t i o n  o f  t h e  c o a l f i e l d  t a k e s  p l a c e  a n d  a s  

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

a t  e v a l u a t i n g  s t r u c t u r e s ,  o n e  c a n  o n l y  w o n d e r  a s  t o  h o w  

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

t h e  S o u t h  W a l e s  C o a l f i e l d .

5 , 2 . 2  C o m p r e s s i o n a i  S t n a c t u r e s

T h e  i n c o m p e t e n t  n a t u r e  o f  t h e  ' M a i n  P r o d u c t i v e  M e a s u r e s '  

w a s  r e c o g n i s e d  b y  t h e  g e o l o g i s t s  o f  t h e  G e o l o g i c a l  S u r v e y  

a t  a n  e a r l y  d a t e .  I n  a  d i s c u s s i o n  o f  t h e  s t r u c t u r e s  a s  

f o u n d  o n  t h e  S o u t h  C r o p  o f  t h e  c o a l f i e l d  W o o d l a n d  a n d  E v a n s ,  

( 1 9 6 4 ) p r o v i d e d  a  n u m b e r  o f  c r o s s - s e c t i o n s  t h r o u g h  w o r k i n g s  

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

T h e i r  c r o s s - s e c t i o n s  a r e  r e p r o d u c e d  i n  C h a p t e r  3 ( P i g . 5 . 4 ) ,  

a n d  i l l u s t r a t e  t h e  c o n f i n e m e n t  o f  o v e r t h r u s t i n g  t o  t h e  

' M a i n  P r o d u c t i v e  M e a s u r e s ' .  I n  s o  f a r  a s  t h i s  o v e r t h r u s t i n g  

s e l e c t i v e l y  a f f e c t s  t h e  ' M a i n  P r o d u c t i v e  M e a s u r e s '  a s  a  

u n i t  t h e y  a r e  ' l a r g e  s c a l e '  c o m p r e s s i o n a l  s t r u c t u r e s  w i t h i n  

t h e  u s a g e  o f  t h i s  t h e s i s . .

A  s u g g e s t e d  m e t h o d  o f  g e n e r a t i n g  s u c h  s t r u c t u r e s  i n  a  

s e l e c t i v e  s t r a t i g r a p h i e  b a n d  i s  i l l u s t r a t e d  i n  P i g u r e  5 . 1 0 .  

T h e  t h r e e  d i a g r a m s  i n  t h i s  f i g u r e  e a c h  d e p i c t  a  c e n t r a l ,  

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

c o m p e t e n t  u n i t s .  R e l a t i v e  m o v e m e n t  o f  t h e  t w o  b o u n d i n g  

c o m p e t e n t  u n i t s  w i l l  s e l e c t i v e l y  c r e a t e  i n c o m p e t e n t  

s t r u c t u r e s  i n  t h e  c e n t r a l  u n i t .

P i g u r e  5 . 1 0  ( a )  i l l u s t r a t e s  t h e  b o u n d i n g  c o m p e t e n t  u n i t s  

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

2 0 1 .
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o f  c r e a t i n g  c o m p e n s a t i o n  by means o f  s h e a r i n g  i n  t h e  

c o n f i n e d  l e s s  c o m p e t e n t  u n i t .  The same e f f e c t  i s  a c h i e v e d  

i f  t h e  two b o u n d i n g  u n i t s  move i n  t h e  same d i r e c t i o n ,  b u t  

i f  one o f  t h e  two u n i t s  moves f u r t h e r  t h a n  t h e  o t h e r .  I n  

P i g u r e  5 . 1 Q ( b ) . i t  i s  t h e ' u n r e r .  u n i t  w h i c h  i s i l l u s t r a t e d  a s  

moving t h e  f u r t h e s t :  i n  t h e  c o n t e x t  o f  t h e  S o u t h  W ales  

C o a l f i e l d  i t  w o u ld  be  t h e  ITuper P e n n a n t  u n i t  w h ic h  m ig h t  

r e a s o n a b l y  be e x p e c t e d  t o  move more e a s i l y  and  t h e r e f o r e  

f u r t h e r  t h a n  t h e  u n d e r l y i n g  Lower C o a l  M e a s u r e / N a m u r i a n /  

A von ian  u n i t .

I f  m e a s u re s  w i t h i n  t h e  c e n t r a l  u n i t  a r e  e n c o u r a g e d  t o  o v e r 

r i d e  e a c h  o t h e r  by t h e  means  d e s c r i b e d  above  t h e n  t h e  

c o n f i n i n g  u n i t s  w o u ld  t e n d  t o  s u p r e s s  t h e  p r o c e s s  by v i r t u e  

o f  t h e i r  s t r e n g t h .  The u p p e r  c o m p e t e n t  u n i t  m i g h t  be 

e x p e c t e d  t o  a r c h  u p w a r d s  i n  t h e  a r e a  o f  s u c h  o v e r t h r u s t i n g  : 

an  example  o f  s u c h  a r c h i n g  o c c u r s  o v e r  t h e  C i y n c o r r w g  -  

Tower O v e r t h r u s t  ( s e e  P i g . 4 . 9 ( b ) .  N e v e r t h e l e s s ,  t h e  

c o m pe tence  o f  t h e  P e n n a n t  u n i t  w i l l  t e n d  t o  s u p r e s s  s u c h  

o v e r t h r u s t i n g , so  t h a t  s e v e r e  o v e r t h r u s t i n g  m i g h t  be 

p r e d i c t e d  w h e r e  t h e  c o n f i n i n g  e f f e c t s  o f  t h e  P e n n a n t  u n i t  

a r e  m i n i m i s e d ,  i . e .  a t  t h e  m a r g i n s .  I t  i s  a t  t h e  m a r g in  o f  

t h e  b o u n d in g  b l o c k s  i l l u s t r a t e d  i n  P i g u r e  5 . 1 0 ( a )  and 

5 . 1 0 ( b ; t h a t  t h e  m e a s u r e s  c o m p r i s i n g  t h e  c e n t r a l ' l e s s  

c o m p e t e n t  u n i t  a r e  more a b l e  t o  move and  o v e r - r i d e  t h e m s e l v e s  

as  a  r e s u l t  o f  t h e  r e l a t i v e  movement i n  t h e  c o n f i n i n g  b l o c k s .

The same u r i n e i p l e . s  a p p l y  i n  t h e  i n s t a n c e  d e p i c t e d  i n  

P i g u r e  5 . 1 0 ( c )  w h e re  t h e  o v e r t h r u s t i n g  i n  t h e  c e n t r a l  u n i t  

i s  i n d u c e d  by c o m p r e s s i o n  o f  t h e  two b o u n d i n g  c o m p e te n t  

u n i t s .  I n  t h i s  i n s t a n c e  t h e  c o n f i n i n g  e f f e c t s  o f  t h e

2 0 2



c o m p e te n t  u n i t s  a r e ^ e x a g g e r a t e d ' b y  v i r t u e  o f  b e i n g  t h e  

mechanism w h ic h  i s  i n d u c i n g  t h e  o v e r t h r u s t i n g .  I n  t h i s  c a s e  

t h e  p r e v a l e n c e  o f  o v e r t h r u s t i n g  a t  t h e  m a r g in s  o f  t h e  

c o m p e te n t  u n i t s  m i g h t  be more u r o n o u n c e d  t h a n  i n  t h e  two 

c a s e s  i l l u s t r a t e d  i n  F i g u r e s  5 . 1 0 ( a )  a n d ^ 5 . 1 0 ( b )

The m echanisms i l l u s t r a t e d  i n  P i g u r e  5 . 8  d e m o n s t r a t e  t h e  

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

by w h ich  t h e  l a r g e  s c a l e  c o m p r e s s i o n a l  s t r u c t u r e s  a r e  

l i m i t e d  t o  t h e  m e a s u r e s  a r o u n d  t h e  'M a in  P r o d u c t i v e  M e a s u r e s ’ : 

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

o f  t h e  c o n f i n e m e n t  o f  t h e  i n c o m p e t e n t  s t r u c t u r e s  c a n  be s e e n  

by e x a m in in g  t h e  c r o s s - s e c t i o n s  i n  P i g u r e  5 . 4 .

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

l e s s  f r e q u e n t  and have  a s m a l l e r  th ro w  i n  t h e  v i c i n i t y  o f  

t h e  Two P e e t  Nine Seam and become more i n t e n s e  dow nw ards .

The s e c t i o n s  g e n e r a l l y  do n o t  show t h e  G e l l i d e g  Seam w h i c h  i s  

s i t u a t e d  j u s t  be low  t h e  F iv e  P e e t  Seam: i t  i s  s i t u a t e d  

below a s t r o n g  s a n d s t o n e  bed  and h a s  n o t  b e e n  i n f l u e n c e d  by 

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

a f f e c t e d  t h e  m e a s u re s  f ro m  j u s t  above  t h e  G e l l i d e g  Seam up  

t o  th e  T’wo P e e t  Nine Seam.

The e x p l o i t a t i o n  o f  t h e  c o a l  m e a s u r e s  i n  t h e  a r e a  o f  s t u d y  

h a s  n o t  b e e n  a s  w i d e s p r e a d  and i n t e n s i v e  a s  i n  t h e  s o u t h  

c r o p  a r e a s  w h ere  Woodland and Evans  made t h e i r  o b s e r v a t i o n s .  

However,  a s t u d y  o f  t h e  w o r k i n g s  i n  t h e  a r e a  s u r v e y e d  i n  

t h i s  t h e s i s  r e v e a l s  t h e  same c o n c e n t r a t i o n  o f  o v e r t h r u s t i n g  

i n  t h e  m id d le  P a r t  o f  t h e  ’Main P r o d u c t i v e  M e a s u r e s ’ .
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At Aberpergwm C o l l i e r y ,  where  work h a s  t a k e n  P l a c e  i n  a 

number o f  s eam s,  o v e r t h r u s t i n g  i s  commonplace i n  t h e  Nine 

P e e t ,  Red and S ix  P e e t  Seams. The Pour  P e e t  Seam, w h ich  

i s  some 15m above t h e  S ix  P e e t  Seam d i s p l a y s  a much l e s s  

i n t e n s e  l e v e l  o f  o v e r t h r u s t i n g .  The o v e r l y i n g  Two P e e t  

Nine Seam and seams be low t h e  Bute a r e  v i r t u a l l y  u n 

worked i n  t h i s  a r e a :  c e r t a i n l y  w o r k in g s  have  n o t  b ee n  

e x t e n s i v e  enough  t o  a l l o w  c o n c l u s i o n s  t o  be drawn.

As a l r e a d y  i l l u s t r a t e d  and d e s c r i b e d  e x t e n s i v e l y  i n  

C h a p te r  3 t h e  c o n c e n t r a t i o n  o f  o v e r t h r u s t i n g  a ro u n d  t h e  

Nine P e e t  Seam was c l e a r l y  p ro v e d  i n  t h e  n o r t h  d e v e lo p m en t  

d r i v a g e s  a t  T r e f o r g a n  C o l l i e r y .  The o v e r t h r u s t i n g  was 

a l s o  examined i n  t h e  e x p l o r a t i o n  programme u n d e r t a k e n  i n  

th e  l a t e  1 9 7 0 ' s  and was s e e n  t o  f o l l o w  p r e c i s e l y  t h e  

p a t t e r n  d e s c r i b e d  on t h e  s o u t h  c r o p :  t h e  p a t t e r n  o f  

- in c o m p e te n t  b e h a v i o u r  i s  c l e a r l y  d e m o n s t r a t e d  ( s e e  P i g . 3 . 2 9 ) .  

The d e t a i l e d  d i s c u s s i o n  i n  S e c t i o n  3 .5  d e s c r i b e s  t h e  

p a t t e r n  o f  o v e r t h r a s t i n g  and t h e  manner  i n  w h ic h  i t  d i s t o r t s  

the  l e s s  c o m p e te n t  'M ain  P r o d u c t i v e  M e a s u r e s '  t o  p ro d u ce  

th e  p a t t e r n  o f  i n c o m p e t e n t  s t r u c t u r e s .

5.3 Small S c a l e  I n c o m p e te n t  S t r u c t u r e s

The e x p l a n a t i o n  o f  t h e  t e rm s  ' l a r g e ' and ' s m a l l '  s c a l e  

g i v e n  i n  S e c t i o n  5 . 2  above a l s o  a p p l i e s  t o  t h i s  s e c t i o n .  

Whereas t h e  ' l a r g e '  s c a l e  i n c o m p e t e n t  s t r u c t u r e s  a r e  

c o n t r o l l e d  by t h e  'P e n n a n t  M e a s u r e s '  and t h e  combined 

l o w e s t  Coal  M e a su re s ,  Namurian  and A vonian  c o m p e te n t  

sequence  a c t i n g  upon  a  c e n t r a l  l e s s  c o m p e te n t  s e q u e n c e ;  

the  t e rm  ' s m a l l  s c a l e '  i n c o m p e t e n t  s t r u c t u r e s  r e f e r s  t o
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those s t r u c t u r e s  c o n f i n e d  w i t h i n  s m a l l  g ro u p s  o f  b e d s ,  o r  

indeed l i m i t e d  t o  i n d i v i d u a l  b e d s .

O c c a s io n a l ly  t h e s e  s m a l l  s c a l e  i n c o m p e t e n t  s t r u c t u r e s  may 

be found  i n  t h e  l o w e s t  s t r o n g  p a r t  o f  t h e  Coal  M e a su re s ,  o r  

in t h e  ’P e n n a n t  M e a s u r e s ’ . However ,  s u c h  i n s t a n c e s  a r e  

r a r e  and none have b e e n  n o t e d  w i t h i n  t h e  a r e a  o f  s t u d y .  The 

overwhelming m a j o r i t y  o f  t h e s e  s m a l l  s c a l e  i n c o m p e te n t  

s t r u c t u r e s  a r e  t o  be fo u n d  i n  t h e  m easu res  be tw een  t h e  

O e l l i d e g  Seam and t h e  b a s e  o f  t h e  'P e n n a n t  M e a s u r e s ' ,  i . e .  

in  t h e  c e n t r a l  i n c o m p e t e n t  s e q u e n c e  o f  t h e  Coal  M easu re s .

Again, t h e  s t r u c t u r e s  can  be c o n v e n i e n t l y  s u b - d i v i d e d  i n t o  

those  owing t h e i r  g e n e r a t i o n  t o  c o m p r e s s i o n a l  f o r c e s  and 

those  which r e s u l t  f rom  t e n s i o n a l  f o r c e s .  I n  t h e  c a s e  o f  

the s m a l l  s c a l e  s t r u c t u r e s  a s ec o n d  s u b - d i v i s i o n  can  be 

made: namely be tv; e en t h o s e  s t r i . i c t u r e s  w n ich  a f f e c t  a 

narrow w e l l  d e f i n e d  s t r a t i g r a p h i e  h o r i z o n ,  p e r h a p s  an 

i n d i v i d u a l  bed o v e r  a  f a i r l y  wide a r e a  and t h o s e  w h ich  

a f f e c t  a narrov/ g e o g r a p h i c  a r e a  and a number o f  beds  

(see P ig  5 . 1 ) .

5.3.1 T e n s io n a l  S t r u c t u r e s

A p o p u l a r  m i s c o n c e p t i o n  i s  t h a t  a l l  i n c o m p e te n t  s t r u c t u r e s  

are c o m p r e s s io n  s t r u c t u r e s .  S h e a r i n g ,  s i g m o i d a l  m i c r o - 

sh ea rs  and o v e r t h r u s t i n g  a r e  a l l  v e r y  common i n c o m p e te n t  

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

incom peten t  s t r u c t u r e s  d e s c r i b e d  by woodland and Evans 

along th e  S o u th  Cron o f  t h e  c o a l f i e l d ,  i n  an  a r e a  

g e n e r a l l y  r e f e r r e d  t o  i n  t h e  m in in g  i n d u s t r y  a s  t h e  'S o u th
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Orop G o m p re s s io n a l  B e l t ’ , a r e  o v e r t h r u s t s .  S i m i l a r l y  t h e  

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

s t r u c t u r e s .

However, i n c o m p e t e n t  s t r u c t u r e s  a r e  more w i d e s p r e a d  t h a n  i s  

o f t e n  a p p r e c i a t e d  and a r e  commonly fo u n d  i n  t h e  e a s t e r n  

Dart o f  t h e  S o u th  Wales  C o a l f i e l d  where  t e n s i o n a l  f a u l t s  

are t h e  more common. I n c o m p e te n t  s t r u c t u r e s  o c c u r r i n g  i n  

a reas  where  t e n s i o n a l  s t r e s s e s  have  d o m in a t e d ,  a p p e a r  t o  

ovie t h e i r  g e n e r a t i o n  t o  t e n s i o n a l  f o r c e s .

The a r e a  o f  s t u d y ,  l y i n g  a s  i t  d o e s ,  on t h e  e a s t e r n  m a rg in  

of t h e  a n t h r a c i t e  c o a l f i e l d ,  h a s  been  s u b j e c t e d  t o  

D redom inant ly  c o r a p r e s s i o n a l  f o r c e s ,  so t h a t  exam ples  o f  

t e n s i o n a l  s m a l l  s c a l e  i n c o m p e t e n t  s t r u c t u r e s  do n o t  e x i s t  

w i t h i n  i t ’ s b o u n d a r i e s .  Such s t r u c t u r e s  a r e  t o  be fo u n d  

im m edia te ly  t o  t h e  e a s t  o f  t h e  a r e a  a t  Tower C o l l i e r y .

For t h e  sake  o f  c o m p l e t e n e s s  some ex am ples  a r e  q u o te d  f rom  

o th e r  c o l l i e r i e s  l y i n g  f u r t h e r  e a s t .

],1,1 T e n s io n a l  S m a l l  S c a l e  I n c o m p e t e n t  S t r u c t u r e s  A f f e c t i n g  
d i s c r e t e  G eo g rap h ic  / i r e a s

In 1906 Marr  d e s c r i b e d  l a g  f a u l t s  a s  a  low a n g l e  f a u l t  

formed d u r i n g  a  f o r w a r d  movement o f  t h e  r o c k s  -  t h e  beds  

above i t  h a v i n g  l a g g e d  b e h in d  t h o s e  below i t  i . e .  t h e  

s t r u c t u r e s  were  c o m n r e s s i o n a l .  T r o t t e r  (1947) u s e d  t h e  

term i n  p r e c i s e l y  t h e  same manner  ( s e e  P i g . 5 . 1 1 )  and 

d e s c r ib e d  a  number o f  l a g  f a u l t s  i n  t h e  Coa l  M easures  o f  

South Wales i n  t h e  a r e a  l y i n g  i m m e d ia t e ly  t o  t h e  n o r t h 

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

by T r o t t e r  a l l  l a y  w i t h i n  an  a r e a  w h ich  h a s  u n d o u b t e d l y
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u n d e r g o n e  c o m r r e R s i o n  and  T r o t t e r * f  e x a m p le s  w e re  i n e v i t a b l y  

p a i r e d  w i t h  o v e r t h r u s t s  i n  t h e  m an n e r  d e s c r i b e d  by Ivîarr. 

H i l l s  ( 1 9 6 3 J s i m i l a r l y  u s e d  t h e  t e r ra  t o  d e s c r i b e  f a u l t s  

c l o s e l y  a s s o c i a t e d  w i t h  o v e r t h r u s t s ,  q u o t i n g  t h a t  s u c h  

f a u l t s  had  b e e n  o b s e r v e d  i n  t h e  S o u t h  »Vales and  B e l g i a n  

G o a l f  i e l d s .

Lag f a u l t s  h av e  c e r t a i n l y  b e e n  r e c o g n i s e d  and  d e s c r i b e d  i n  

t h e  G o a l  M e asu re s  o f  S o u t h  Vtales i n  some n u m b e r s .  I n  

r e c e n t  y e a r s  g e o l o g i s t s  o f  t h e  H . C . B . ' s  G e o l o g i c a l  S e r v i c e s  

Branch  have  r e c o g n i s e d  and d e s c r i b e d  an  i n c r e a s i n g  number  

o f  su ch  f a u l t s  and h a v e  s i m i l a r l y  l a b e l l e d  them  ’ l a g  f a u l t s ’

The e a r l i e r  d e s c r i b e d  l a g  f a u l t s  w ere  e x c l u s i v e l y  f o u n d  i n  

t h e  n o r t h - w e s t e r n  p a r t  o f  t h e  S o u t h  ï ï a l e s  C o a l f i e l d  i n  an 

a r e a  d i s p l a y i n g  n u m erous  c o r a p r e s s i o n a l  s t r u c t u r e s  and  have 

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

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

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

p r i n c i p l e s  p r e v i o u s l y  e x p r e s s e d .

However,  some o f  t h e  more r e c e n t l y  d e s c r i b e d  l a g  f a u l t s  a r e  

t o  be f o u n d  i n  t h e  e a s t e r n  p a r t  o f  t h e  S o u t h  W ales  C o a l 

f i e l d  w here  c o r a p r e s s i o n a l  s t r u c t u r e s  a r e  r a r e  and  w here  

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

t y p e s  o f  f a u l t s  i . e .  t h e  a r e a  i s  one w h ic h  w o u ld  seem t o  

h av e  b e e n  s u b j e c t e d  p r i n c i p a l l y  t o  t e n s i o n a l  s t r e s s e s .

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

t o  some c o m p r e s s i o n  i s  c l e a r l y  e v i n c e d  by t h e  f o l d i n g  

o b s e r v e d  i n  t h a t  p a r t  o f  t h e  c o a l f i e l d .  N e v e r t h e l e s s ,  t h e  

p r e d o m in a n ce  o f  f a u l t s  w h ic h  a r e  t e n s i o n a l  i n  t h e i r
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g e n e r a t i o n  s u g g e s t  t h a t  c o m p r e s s i o n a l  s t r e s s  f i e l d s  have  

p l a y e d  a  much l e s s  s i g n i f i c a n t  r o l e  i n  t h e  s t r u c t u r a l  

e v o l u t i o n  o f  t h i s  e a s t e r n  a r e a  and  i t  i s  n o t  s u c h  a  

s t r a i g h t  f o r w a r d  m a t t e r  t o  p resum e  t h a t  t h e  l a g  f a u l t s  

P r e s e n t  t h e r e  a r e  due t o  c o m p r e s s i o n .  More r e c e n t l y  a 

s m a l l  l a g  f a u l t  h a s  b e en  d e s c r i b e d  by an  N .G .B .  g e o l o g i s t  

i n  t h e  S o u th  D e r b y s h i r e  C o a l f i e l d  ( P e r s o n a l  C o m m u n ica t io n )  

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

F u r t h e r m o r e , l a g  f a u l t s  i n  t h e  e a s t e r n  p a r t  o f  t h e  c o a l 

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

s t r u c t u r e s  s u c h  a s  o v e r t h r u s t s ,  so  t h a t  t h e  a c c e p t e d  c o n c e p t  

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

d o es  n o t  a p p l y .  I n  f a c t  t h e  r e c o r d s  o f  o l d  c o a l  w o r k i n g s  

d e m o n s t r a t e s  t h a t  some l a g  f a u l t s  o c c u r  w i t h o u t  t h e  p r e s e n c e  

o f  t h e  p r e v i o u s l y  p r e - r e q u i r e d  u n d e r l y i n g  o v e r t h r u s t .  Such  

l a g  f a u l t s  have  t h e  same a p p e a r a n c e  a s  t h e  l a g  f a u l t s  o f  

M arr  ( I 9 O6 ) ,  T r o t t e r  (1947)  and  H i l l s  ( I 9 6 3 ) ;  t h o u g h  t h e i r  

o r i g i n  m u s t  be d i f f e r e n t  i n  v iew  o f  t h e  a b s e n c e  o f  t h e  o v e r 

t h r u s t i n g .

The p r e v i o u s  d e f i n i t i o n  o f  l a g  f a u l t s  t h e r e f o r e  n e e d s  t o  be 

m o d i f i e d  i n  o r d e r  t o  em brace  t h e  more r e c e n t l y  d e s c r i b e d  

e x a m p le s ;  o r  e l s e  t h e s e  l a t t e r  ex a m p le s  n e e d  t o  be a s c r i b e d  

a  d i f f e r e n t  name. I n  v iew  o f  t h e  f a c t  t h a t  t h e  t e r m  ’ l a g  

f a u l t ’ h a s  become so w i d e l y  u s e d  by t h e  N . C . B ’ s g e o l o g i s t s  

who d a i l y  work i n  t h e  f i e l d  o f  C o a l  M e asu re  G eo logy  a  

r e n a m in g  o f  t h e s e  f a u l t s  w ou ld  be i m p r a c t i c a l .  I t  i s  t h e r e 

f o r e  s u g g e s t e d  t h a t  M a r r ’ s d e f i n i t i o n  o f  l a g  f a u l t s  be 

e x t e n d e d  somewhat  i n  o r d e r  t o  accommodate  t h e  s t r u c t u r e s
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o b s e r v e d  i n  t h e  B r i t i s h  C o a l  M e a s u r e s .  The t e r m  ’ l a g  f a u l t ’ 

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

and  a  d i s p l a c e m e n t  w h ic h  i s  n o r m a l  i n  s e n s e .  T h i s  

d e f i n i t i o n  d o es  n o t  i n c o r p o r a t e  a  r e f e r e n c e  t o  t h e  

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

t o  w h e t h e r  a l l  s u c h  f a u l t s  f o rm e d  i n  t h e  same m a n n e r . T h i s  

d e f i n i t i o n ,  h o w e v e r ,  d o es  d e s c r i b e  t h e  l a g  f a u l t s  o f  M a r r , 

T r o t t e r  and H i l l s  a s  w e l l  a s  t h e  many r e c e n t  e x a m p le s  

o b s e r v e d  by t h e  N . C . E . ’ s g e o l o g i s t s .

As s u g g e s t e d  by t h e  above  d e f i n i t i o n  t h e  p l a n e  o f  l a g  

f a u l t s  h a s  a  low d i p  so t h a t  t h e i r  a n g l e  o f  d e v i a t i o n  f ro m  

t h e  s t r a t a  d i p  may be v e r y  s m a l l .  The f a u l t  p l a n e  t e n d s  t o  

u n d u l a t e  and so  h a s  an  i r r e g u l a r  t r a c e  on a  seam d a tu m ;  t h e  

th ro w  o f  t h e  f a u l t  t e n d s  t o  v a r y  r a p i d l y  i n  s h o r t  d i s t a n c e s ;  

and t h e  f a u l t s  t e n d  t o  a f f e c t  a  n a r ro w  band o f  g r o u n d .  Lag 

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

The c o l l i e r i e s  i n  w h ic h  l a g  f a u l t s  have  b e e n  i d e n t i f i e d  

i n c l u d e  T a f f  M e r t h v r ,  H ardy  and Tower.  I n  e a c h  c a s e  t h e  

band  o f  g ro u n d  a f f e c t e d  i s  f ro m  t h e  Nine F e e t  Seam t o  t h e  

F i v e  F e e t  Seam and i n c l u d e s  b o t h  s e a m s .  The P l a n s  and 

s e c t i o n s  u s e d  h e r e  t o  i l l u s t r a t e  l a g  f a u l t s  a r e  f ro m  T a f f  

M e r th y r  C o l l i e r y ,  w here  a  zone o f  m u l t i p l e  l a g  f a u l t s  

a f f e c t e d  w o r k i n g s  i n  t h e  now c l o s e d  B e d l in o g  C o l l i e r y .

The f i r s t  l a g  f a u l t  o f  t h i s  zone was e n c o u n t e r e d  i n  t h e  B3 

and more r e c e n t l y  t h e  B? l o n g w a l l  p a n e l s  ( s e e  F i g . 5 . 1 2 ) .

The d e t a i l s  shown i n  t h e  c r o s s - s e c t i o n s  w ere  c o l l e c t e d  on 

t h e  B7 p a n e l .
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The f a u l t  P l a n e  exam ined  a t  T a f f  M e r t h y r  C o l l i e r y  had  a 

d i p  v a r y i n g  f r o m  25° t o  h o r i z o n t a l .  When f i r s t  e x a m in e d  

t h e  v e r t i c a l  com ponen t  o f  t h e  t h r o w  was 0.8m and t h e  

h o r i z o n t a l  com ponen t  some 20m. The f a u l t  p l a n e  d i p p e d  i n t o  

th e  s e a t e a r t h  f l o o r  a t  25° end c r o s s - m e a s u r e d  t h r o u g h  t h e  

seam b e f o r e  r u n n i n g  f o r  some d i s t a n c e  i n  a  t h i n  d i r t  band 

w h ich  i s  n o r m a l l y  p r e s e n t  w i t h i n  t h e  seam ( s e e  P i g .  5 . 1 3 ) .  

The f a u l t  P l a n e  was v i r t u a l l y  u n d e t e c t a b l e  e x c e p t  f o r  t h e  

f a c t  t h a t  t h e  c o a l  l y i n g  above  and be low  t h e  a p p a r e n t l y  

n o rm a l  d i r t  ban d  was  d i p p i n g  g e n t l y  i n  o p p o s i t e  d i r e c t i o n s .  

W i t h i n  50m t h e  th ro w  o f  t h e  f a u l t  had  i n c r e a s e d  t o  5.5m 

( s e e  P i g . 5 . 1 4 ) .  F u r t h e r  p r o v i n g s  o f  t h e  f a u l t  were  n o t  

made b e c a u s e  t h e  t h r o w  had  become i n s u p e r a b l e  and t h e  

f a c e  was s h o r t e n e d .

T h i s  example i s  t y p i c a l  o f  t h e  l a g  f a u l t s  o b s e r v e d  i n  t h e  

e a s t e r n  p a r t  o f  t h e  c o a l f i e l d :  t h e  d i p  o f  t h e  f a u l t  p l a n e  

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

i s  n o r m a l ,  s e v e r a l  l a g  f a u l t s  o c c u r  t o g e t h e r  t o  fo rm  a 

b e l t  o f  f a u l t i n g ,  t h e r e  i s  no o v e r t h r i ] s t i n g  a s s o c i a t e d  

w i t h  t h e  l a g  f a u l t s ,  s p e c i f i c a l l y  t h e r e  a r e  no u n d e r l y i n g  

o v e r t h r u s t s  be low t h e  l a g  f a u l t ,  t h e  a r e a  i s  a f f e c t e d  by 

many o t h e r  n o r m a l  f a u l t s .

Such l a g  f a u l t s  w ou ld  seem t o  be t e n s i o n a l  i n  t h e i r  o r i g i n ,  

i . e .  t h e y  a r e  low- a n g l e  n o r m a l  f a u l t s .  I f  t h e s e  f a u l t s  a r e  

t o  be a t t r i b u t e d  t o  t h e  l a g g i n g  b e h in d  o f  o v e r l y i n g  s t r a t a  

a s  i m m e d i a t e l y  u n d e r l y i n g  s t r a t a  moves f o r w a r d  i n  t h e  

manner  o f  t h e  l a g  f a u l t s  o f  M arr  and T r o t t e r  t h e n  t h e r e  

must  be an  u n d e r l y i n g  o v e r t h r u s t .  W i th o u t  s u c h  an o v e r -
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t h r u s t  one i s  ad v a n c in g  t h e  p r o p o s i t i o n  t h a t  t h e  e n t i r e  

c r u s t  u n d e r l y i n g  a  l a g  f a u l t  h a s  moved f o r w a r d ,  w h i l e  th e  

s t r a t a  above th e  l a g  f a u l t  has  been  an ch o red  by some means.

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

the l a g  f a u l t  have r em a in e d  an ch o red  w h i l s t  t h e  o v e r l y i n g  

s t r a t a  has  been  d i s p l a c e d  i n  a normal  manner  o v e r  a low-  

angle P lane  o f  movement.  The s t r e s s - f i e l d  r e a u i r e d  t o  

induce such  a movement would have to  be t e n s i o n a l ,  t h e  low 

dip o f  t h e  f a u l t  p l a n e s  m ig h t  be a r e s u l t  o f  a  s t r e s s -  

f i e l d  where t h e  d i f f e r e n c e  be tween  Pmax. and Bnin .  i s  

sm al l ,  i . e .  a r e l a t i v e l y  s m a l l  c o n f i n i n g  p r e s s u r e  a c t i n g  

in  the  h o r i z o n t a l  p l a n e .  Such c o n d i t i o n s  m igh t  be e n v i s a g e d  

in  t h e  e a s t e r n  p a r t  o f  t h e  c o a l f i e l d  where t h e  c o m p r e s s io n s !  

e f f e c t s  have been  l e a s t .  S l i g h t  u n l i f t  w i t h  a  Post- f o l d i n g  

r e l a x a t i o n  co u ld  r e s u l t  i n  t h e  type  o f  s t r e s s - f i e l d  r e q u i r e d  

to induce  l a g  f a u l t s  w i t h i n  a t e n s i o n a l  r e g im e .

,1,2 Te n s io n a l  Small  S c a l e  In c o m p e te n t  S t r u c t u r e s  A f f e c t i n g  
Narrow S t r a t i g r a p h i e  Bands

Again one has  t o  s t e p  j u s t  o u t s i d e  t h e  a r e a  o f  s tu d y  f o r  

the sake o f  c o m p l e t e n e s s ,  i n  o r d e r  to  f i n d  an example o f  a 

s t r u c t u r e  to  f i l l  t h i s  c a t e g o r y .

At Tower C o l l i e r y  a complex  s e d im e n ta r y  h i s t o r y  has  

r e s u l t e d  i n  t h e  Seven F e e t  Seam and t h e  F ive  F e e t  Seam 

coming t o g e t h e r .  The F iv e  F e e t  Seam i s  t y p i c a l l y  1.50m 

th ic k  w i t h  tv.’o t h i n  d i r t  b a n d s ;  t h e  Seven F e e t  Seam i s  

g e n e r a l l y  i n  tv/o l e a v e s ,  e a c h  some 0 . 50m t h i c k  and 

s e p a ra t e d  by some 0.60m o f  s e a t e a r t h .  To th e  s o u t h  and

2 1 1
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west  o f  Tower N o .4 s h a f t  t h e  i n t e r v a l  b e tw een  t h e  two 

seams v a r i e s  from j u s t  u n d e r  Ira t o  n e a r l y  5m.

The V s e r i e s  o f  l o n g v /a l l  p a n e l s  were d e s i g n e d  t o  e x p l o i t  

the  F ive  F e e t  Seam, h o l d i n g  t h e  Seven F e e t  Seam un  i n  th e  

r o o f .  The V 24 f a c e  commenced work n e a r  t h e  Tower No. 4 

s h a f t  and worked i n  a s o u t h e r l y  d i r e c t i o n .  A f t e r  

advanc ing  n e a r l y  1500m th e  s e c t i o n  o f  c o a l  on th e  f a c e  

became h i g h l y  d i s t u r b e d .  A g a in ,  a f t e r  a  f u r t h e r  500m of  

advance th e  r i g h t  hand  (main  g a t e )  end o f  t h e  f a c e  

e x p e r i e n c e d  s i m i l a r l y  d i s t u r b e d  c o a l  ( s e e  F i g . 5 . 1 5 ) .

The V25 f a c e  was l a i d  o u t  im m e d ia te ly  to  t h e  w e s t  o f  t h e  

V24 f a c e  and e x p e r i e n c e d  s i m i l a r  g e o lo g y  a f t e r  ad v a n c in g  

some 750m.and a g a i n  a f t e r  1200m. The seco n d  d i s t u r b e d  

a r e a  was t h e  same d i s t u r b e d  a r e a  t h a t  had  been  e n c o u n t e r e d  

on th e  724 p a n e l .  T h i s  band o f  d i s t u r b e d  m ea su re s  was 

v i s i t e d  by t h i s  a u t h o r  on a  number o f  o c c a s i o n s  i n  o r d e r  

to e v a l u a t e  i t  g e o l o g i c a l l y .  In  a p p e a ra n c e  th e  F iv e  F e e t  

Seam, t h e  two l e a v e s  o f  t h e  Seven F e e t  Seam and t h e i r  

i n t e r v e n i n g  s e a t e . a r t h s  had  t h e  a p p e a r a n c e  o f  b e i n g  

squeezed  t h r o u g h  e ach  o t h e r ,  r a t h e r  l i k e  s e v e r a l  c o l o u r e d  

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

d e f o rm a t io n  had been  a c h i e v e d  by movement a l o n g  low a n g le  

p la n es  w hich  t e n d e d  t o  o c c u r  a s  bands  o f  h i g h l y  s h e a r e d  

ground u p  t o  0.10m t h i c k .  S in c e  t h e  i n t e r v e n i n g  s e a t -  

e a r t h s  amongst  t h e s e  hwo seams t e n d  t o  be m i c r o - s h e a r e d  

and i n c o m p e te n t  a c r o s s  t h e  Tower and Mardy C o l l i e r y  t a k e s ,  

the e x p o s u re s  on t h e  f a c e  were  v e r y  c o n f u s i n g .

2 1 2
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A s e r i e s  o f  c a r e f u l l y  c l o t t e d :  f a c e  s e c t i o n s  r e v e a l e d  t h a t  

t h e  d i s t u r b a n c e s  w ere  i n  f a c t ,  v e r y  low a n g l e  l a g  f a u l t s  

w i t h  u n d u l a t i n g  f a u l t  n l a n e s  ( s e e  f i g . 5 . 1 6 ) .  The 

d i r e c t i o n  o f  s t r i k e  o f  t h e s e  l a g  f a u l t s  i s  n o r t h - e a s t  t o  

s o u t h - w e s t .  An u n e x p e c t e d  f e a t u r e  was  t h e  d i n  o f  t h e  

f a u l t  n l a n e s :  u n l i k e  many o t h e r  s l i d e  t y n e  s t r u c t u r e s ,  

t h e s e  l a g  f a u l t s  d i n  t o w a r d s  t h e  n o r t h - w e s t  ( s e e  F i g . 5 . 1 7 ) .  

These  s t r u c t u r e s  a r e  q u i t e  u n e x p e c t e d  when one c o n s i d e r s  

t h e  m a j o r i t y  o f  s i m i l a r  i n c o m p e t e n t  s t r u c t u r e s ,  w h ic h  

show downward movement  t o w a r d s  t h e  c e n t r e  o f  t h e  b a s i n  

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

s t i l l  h a s  n o t  b e e n  s a t i s f a c t o r i l y  e x p l a i n e d ,  many 

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

t h e  b a s i n .  Such l o o s e l y  h e l d  i d e a s  s t i l l  l e a v e  much t o  

be e x p l a i n e d ,  b u t  one i s  h a r d  p r e s s e d  t o  c o n s i d e r  t h e  

s t r u c t u r e s  a t  Tower C o l l i e r y  w h e re  t h e  s t r u c t u r e s  w ould  

a p p e a r  t o  have  c a u s e d  t h e  b e d s  t o  s l i p  u n - h i l l  i n  some way.

S i m i l a r  low a n g l e  s t r u c t u r e s  o c c u r  i n  t h e  com pan ion  s e r i e s  

o f  Y f a c e s  i n  t h e  a d j a c e n t  Mardy C o l l i e r y ,  Where m in in g  

h a s  t a k e n  p l a c e  above  t h e  s t r u c t u r e s  i n  h i g h e r  seams t h e  

s t r u c t u r e s  a r e  a b s e n t .  T h e i r  t r e n d  i s  f a i r l y  c o n s i s t e n t ,  

a s  shown o n  F i g u r e  5 .1 5  and l a t e r a l l y  t h e  d i s t u r b e d  b e l t s  

have  a l i m i t e d  e x t e n t  and  a n n e a r  t o  be c o n f i n e d  by t h e  

d o m in a n t  n o rm a l  G h a r n o id  c r o s s - f a u l t s . They t h e r e f o r e  

a p p e a r  t o  be l a t e r  i n  age  t h a n  t h e  G h a r n o i d  n o r m a l  f a u l t s  

s i n c e  t h e y  o c c u r  as  d i s t i n c t i v e  e n t i t i e s  i n  f a u l t  b l o c k s  

a l r e a d y  d e f i n e d  by t h e  l a t t e r .

2 1 3 .
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i.5.2 G o m n re ss io n a l  S t ru c i J i i r e s

Such s t r u c t u r e s  a r e  v e r y  common w i t h i n  t h e  a r e a  o f  s t u d y  

and t h e r e  i s  l i t t l e  n e e d  t o  go t o  a d j a c e n t  a r e a s  f o r  

exam ples .  The ’a n t h r a c i t e  f i e l d ’ i s  s e v e r e l y  a f f e c t e d  by 

o v e r t h r u s t s ,  r e v e r s e  f a u l t s ,  s h e a r i n g  and o t h e r  

c o m n r e s s io n a l  s t r u c t u r e s .  S i n c e  t h e  a r e a  o f  s t u d y  i s  .. 

l o c a t e d  on t h e  a n t h r a c i t e  c o a l f i e l d  one would  e x n e c t  t o  

f in d  c o m p r e s s i o n a l  s t r u c t u r e s  o f  many k i n d s  w i t h i n  i t .

The i n c o m p e t e n t  s t r u c t u r e s  have  a  s m a l l  l a t e r a l  and 

v e r t i c a l  e x t e n t ,  w h ic h  makes s u c h  s t r u c t u r e s  v e r y  d i f f i c u l t  

to p r o j e c t  and p r e d i c t .  They t h e r e f o r e  p o se  a  m a jo r  

problem t o  m in in g  o p e r a t i o n s  i n  an  a r e a  where  t h e  a n t h r a c i t e  

coa l  r a n k  commands t h e  h i g h e s t  m a r k e t  p r i c e  and so i s  o f  

major i m p o r t a n c e  t o  t h e  m in in g  i n d u s t r y .  The c o m p r e s s i o n a l  

in c o m p e ten t  s t r u c t u r e s  have  b e e n  s t u d i e d  i n  some d e t a i l  by 

those  g e o l o g i s t s  V\'ho a r e  o p e r a t i o n a l l y  i n v o l v e d  i n  c o a l  

mining on t h e  a n t h r a c i t e  c o a l f i e l d :  t h e  p r e s e n t  a u t h o r  

spen t  t e n  y e a r s  s t u d y i n g  s u c h  s t r u c t u r e s  i n  t h e  c o n t e x t  o f  

o p e r a t i o n a l  p l a n n i n g .

.1 Small S c a l e  C o m p r e s s io n a l  S t r u c t u r e s  A f f e c t i n g  D i s c r e t e  
Geographic  . i r e a s

I t  i s  w o r t h  d e s c r i b i n g  tivo ex am p les  o f  s t r u c t u r e s  w h ic h  f a l l  

w i t h i n  t h i s  c a t e g o r y ,  b o t h  o f  w h ich  have  been  o b s e r v e d  and 

d e s c r i b e d  w i t h i n  t h e  a r e a  o f  s t u d y ,  one a t  T r e f o r g a n  and 

one a t  Aberpergwm C o l l i e r y .
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At T r e f o r g a n  C o l l i e r y  t h e  e f f e c t s  o f  s t r u c t u r a l  d e f o r m a t i o n  

uPon th e  l e a s t  co m p e te n t  s t r a t a  was s e e n  i n  t h e  S o u th  

D evelopm ents ,  These d e v e lo p m e n ts  were d r i v e n  i n  a s o u t h 

w e s t e r l y  d i r e c t i o n  ( s e e  P i g . 3 . 2 )  and w ere  P la n n e d  t o  p a s s  

b e n e a th  t h e  main T r e f o r g a n  d r i f t s .  The main  d r i v a g e s  had 

been  lo g g e d  i n  d e t a i l ,  so t h a t  t h e  s t r u c t u r e s  i n  t h i s

a r e a  had a l r e a d y  been  i d e n t i f i e d  and r e c o r d e d  ( s e e  Appendices 
111 and T i l l ) .

The S o u th  D evelopment  I n t a k e  D r iv a g e  had  advanced  j u s t  o v e r  

200m i n  t h e  Upper Nine F e e t  Seam and h ad  e n c o u n t e r e d  a 

s m a l l  l a g  f a u l t  (Im) and a s m a l l  o v e r t h r u s t  ( 0 .6 0 m ; , b o t h  

o f  w hich  w ere  d i s c r e t e  s t r u c t u r e s .  Up t o  t h i s  p o i n t  t h e  

seam s e c t i o n  had r e m a in e d  n o rm a l  a t  a p p r o x i m a t e l y  1.80m 

i n c l u d i n g  two t h i n  d i r t  bands  n e a r  t h e  b o t to m  o f  t h e  seam. 

The r o o f  was a t h i n l y  bedded  s l i g h t l y  s i l t y  mudstone and 

th e  f l o o r  a  weak and m i c r o - s h e a r e d  s e a t e a r t h .

J u s t  beyond 200m i n  t h e  i n t a k e  d r i v a g e ,  t h e  h o r i z o n  o f  th e  

Wine F e e t  Seam, i t  s r o o f  m udstone  and i t  s s e a t e a r t h  

became h i g h l y  s h e a r e d ,  w i t h  t h e  t h r e e  l i t h o l o g i e s  c o m p le t e ly  

i n t e r m i x e d .  The l o c a l  t e rm  f o r  h i g h l y  m i c r o - s h e a r e d  s t r a t a  

which i s  v e r y  weak and i s  e a s i l y  c a p a b l e  o f  b e in g  c rum bled  

by hand i s  ’r a s h i n g s * ;  such  s t r a t a  a r e ' d e s c r i b e d  a s  ’r a s h y ’ . 

Thus,  i n  t h e  S o u th  I n t a k e  D r iv ag e  t h e  h o r i z o n  o f  t h e  Upper 

Wine F e e t  Seam and i t  s immediate  r o o f  and f l o o r  m easu res  

were r e p l a c e d  by a  bed o f  r a s h i n g s  4m t o  8m t h i c k ,  when 

th e  r a s h i n g s  a r e  b r o k e n  o r  s p l i t  t h e y  do so a lo n g  a b l o c k ,  

p o l i s h e d  and s h i n i n g  s u r f a c e .  Amongst t h e s e  r a s h i n g s  

were o c c a s i o n a l  f r a g m e n t s  o f  r o o f  mudstone w h ich  can  be 

r e c o g n i s e d  as  s u c h .  These f r a g m e n t s  o f  r o o f  m ig h t  be a  few 

hundred  m i l l i m e t r e s  a c r o s s .
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r
The n o rm a l  r o o f  m e a s u r e s  o f  t h e  Unper  Nine F e e t  Seam 

c o n t a i n  some b an d s  o f  t h i n  i r o n s t o n e  and s c a t t e r e d  l a r g e  

i r o n s t o n e  n o d u l e s  u p  t o  2m o r  3m i n  d i a m e t e r .  These  v e r y  

s t r o n g  n o d u l e s  w ere  u n d i s t u r b e d  by th e  i n t e n s e  s h e a r i n g ;  

i n d e e d  t h e  s h e a r  p l a n e s  w ere  i n e v i t a b l y  d i s t o r t e d  a r o u n d  

th e  n o d u l e s .  The i r o n s t o n e  n o d u l e s  w ere  l e f t  am ongst  t h e  

weak r a s h i n g s ,  r e a d y  t o  f a l l  i n t o  t h e  d r i v a g e  as  s o o n  as  

s u p p o r t  was rem oved  f ro m  b e n e a t h  them .

Also s c a t t e r e d  am ongs t  t h e  r a s h i n g s  v m s  s h e a r e d  and d i s t u r b e d  

c o a l .  Some P i e c e s  may be no more t h a n  a  few t e n s  o f  

m i l l i m e t r e s  a c r o s s ,  o r  m ig h t  be p r e s e n t  i n  b an d s  o v e r  a 

m e t re  t h i c k .  When p r e s e n t  a s  b a n d s  t h e  c o a l  was alv^ays 

d i s j o i n t e d ,  d i p p i n g  e r r a t i c a l l y  b e tw e e n  h o r i z o n t a l  and  4 5 ° .  

The d i r e c t i o n  o f  d i p  a l s o  t e n d e d  t o  change  r a p i d l y  i n  s h o r t  

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

i l l u s t r a t e d  on t h e  s e c t i o n  c o u l d  be r e c o g n i s e d  ( F i g . 5 . 1 5 ) .

w i th  c a r e f u l  e x a m i n a t i o n  a  b o u n d a ry  c o u l d  som et im es  be 

r e c o g n i s e d  w i t h i n  t h e  r a s h i n g s  where  t h e  b l a c k  r a s h i n g s  

a s s o c i a t e d  w i t h  t h e  c o a l  h o r i z o n  p a s s e d  down i n t o  a  brown 

r a s h i n g  w h ic h  was t h e  d i s t u r b e d  s e a t e a r t h  f l o o r ,  t h e  

u p p e r  b o u n d a ry  v/as a lw a y s  e a s y  t o  r e c o g n i s e  when i t  was 

p r e s e n t  i n  t h e  h e a d i n g :  t h e  r a s h i n g s  p a s s e d  upw ards  i n t o  

a w e l l  b ed d e d  and u n d i s t u r b e d  s i l t y  m u d s to n e .  The change  

was d r a s t i c  and r e m a r k a b l y  s h a r p ,  su c h  h e a v i l y  d i s t o r t e d  

s t r a t a  i n  j u x t a p o s i t i o n  w i t h  n o rm a l  m e a s u r e s .  T h i s  

boundary  was r a r e l y  s e e n ,  f o r  t h o u g h  t h e  t h i c k n e s s  o f  t h e  

bed o f  r a s h i n g s  v a r i e d ,  i t  was g e n e r a l l y  more t h a n  4m t h i c k  

and so e x t e n d e d  above  t h e  d r i v a g e .  Roof  f a l l s  i n d i c a t e d
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t h a t  i t  was ut) t o  8m t h i c k  i n  p l a c e s .

In  w i d t h  t h i s  b e l t  c f  d i s t u r b e d  g round  was n r c v e d  t o  be i n  

e x c e s s  c f  185m. The i n t a k e  d r i v a g e  was d r i v e n  i n t o  t h e  

d i s t u r b a n c e  f o r  t h a t  d i s t a n c e  b e f o r e  b e i n g  abandoned .

S e c t i o n s  -drawn t h r o u g h  t h e  d i s t u r b a n c e  s u c h  as  t h e  one 

u sed  h e r e  ( F i g . 5 . 1 8 ;  s u g g e s t e d  t h a t  t h e  w i d t h  o f  s h e a r e d  

ground was p r o b a b l y  some 210m,. The t r e n d  o f  t h e  d i s t u r b e d  

b e l t  was d e t e r m in e d  by c o m n a r i s o n  w i t h  t h e  r e t u r n  d r i v a g e  

and was fo u n d  t o  be f o l l o w i n g  t h e  d i r e c t i o n  o f  t h e  main  

o v e r t h r u s t s  i n  t h i s  a r e a  ( s e e  F i g . 5 . 1 9 K

'"hen t r a c e d  u u - d i u  t h i s  i n c o m n e t e n t  s t r u c t u r e  i s  e a s i l y  

l o c a t e d  i n  o t h e r  d r i v a g e s  a t  T r e f o r g a n :  i t  was i d e n t i f i e d  

i n  t h e  main T r e f o r g a n  d r i f t s  and i n  t h e  E a s t  Deve lopm ent  

d r i v a g e s .  In  b o t h  c a s e s  t h e  i n c o m p e te n t  s t r u c t u r e  was 

seen  a t  t h e  h o r i z o n  o f  t h e  F our  F e e t  and Tv/o F e e t  Nine 

Seams. These seams o c c u r  i n  m ea su re s  w h ich  a r e  much 

s t r o n g e r  and more c o m p e te n t  t h a n  th e  m ea su re s  s u r r o u n d i n g  

th e  Nine F e e t  Seam: beds  o f  s a n d s t o n e  and s i l t s t o n e  a r e  

f a i r l y  common.

.'/hen s e e n  a t  t h i s  h i g h e r  l e v e l  t h e  d i s t u r b a n c e  i s  a d i s c r e t e  

f a u l t  P lan e  w i t h  a d i p  o f  45 ° > i . e .  a  r e v e r s e d  f a u l t .  The 

f a u l t  P la n e  i s  a c l e a n  b r e a k  l e s s  t h a n  5cms w i d e :  t h e  

d i s p l a c e m e n t  o f  t h e  beds  c an  be c l e a r l y  s e e n  and m easu red  

(see  F i g . 5 . 2 0 ) .  The t o t a l  b e l t  o f  d i s t u r b e d  g round  a t  t h e  

Upper Nine F e e t  Seam h a s  a th row  e s t i m a t e d  t o  be 10m and 

the  b e l t  i s  some 210m w i d e .  I n  t h e  h i g h e r  d r i v a g e s  t h e  

s t r u c t u r e  h a s  a t o t a l  t h ro w  o f  l lm  and i s  r e p r e s e n t e d  by f o u r
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r e v e r s e d  f a u l t s  w h ich  e x i s t  w i t h i n  a hand o f  m easu res  75m 

wide when m easu red  h o r i z o n t a l l y .

The d r a m a t i c  change i n  t h e  n a t u r e  o f  t h i s  d i s t u r b a n c e  as  

i t  a f f e c t s  c o m p e te n t  and in c o m p e te n t  m easu res  i s  t y p i c a l  

o f  t h e  b e h a v i o u r  o f  i n c o m p e t e n t  s t r u c t u r e s  a s  t h e y  o c c u r  

i n  c o a l  m e a s u re s .  In  t h i s  example w eaker  s t r a t a  a ro u n d  

the  t h i c k  Upper Nine F e e t  Seam and i t ’ s t h i c k ,  weak s e a t 

e a r t h  were v e r y  s e v e r e l y  and s e l e c t i v e l y  d i s t u r b e d  by th e  

c o m p r e s s io n a l  r e v e r s e d  f a u l t :  w h i l e  t h e  same t e c t o n i c  

p r e s s u r e s  r e s u l t e d  i n  d i s c r e t e  r e v e r s e d  f a u l t i n g  i n  t h e  

more c o m p e ten t  m easu res  a round  t h e  Four  F e e t  and Two F e e t  

Nine Seams.

A second example o f  an  i n c o m p e te n t  s t r u c t u r e  which  a f f e c t s  

a d i s c r e t e  g e o g r a p h i c  a r e a  was o b s e rv e d  a t  Aberrergwm 

C o l l i e r y .  The s t r u c t u r e  was o b s e r v e d  on t h e  N2 f a c e  a t  

t h i s  c o l l i e r y ,  a l o n g w a l l  u n i t  some 90m. lo n g  a d v a n c in g  i n  

a n o r t h e r l y  d i r e c t i o n .  To d a t e  t h i s  l o n g w a l l  u n i t  i s  t h e  

o n ly  one to  have  worked t h i s  a r e a  o f  Nine F e e t  Seam i n  

r e c e n t  t i m e s .  As shown on F i g u r e  5 .2 1  any f u r t h e r  work 

to  t h e  w e s t  o f  t h e  N2 P a n e l  w i l l  e n c o u n t e r  t h e  same 

s t r u c t u r e  and p r o b a b l y  p r o v id e  a more e x t e n s i v e  p r o v i n g  

of  i t .  The Nine F e e t  Seam i s  t h e  o n ly  one worked i n  t h i s  

-area so t h e r e  i s  no p r o v i n g  a t  o t h e r  s t r a t i g r a p h i e  

h o r i z o n s  to  examine the, b e h a v i o u r  o f  t h i s  s t r u c t u r e  as  i t  

t r a v e r s e s  d i f f e r e n t  l i t h o l o g i e s .
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The in c o m p e t e n t  s t r u c t u r e  d e s c r i b e d  h e r e  a c h i e v e s  i t  s 

d i s l o c a t i o n  i n  su ch  a manner  t h a t  t h e  s t r a t a  i n v o l v e d  i s  

n o t i c e a b l y  r o t a t e d .  The d e t a i l e d  d e s c r i p t i o n  w h ich  

f o l l o w s  d e m o n s t r a t e s  t h a t  t h e  r o t a t i o n  o f  t h e  numerous  

c e l l s  o f  c o a l  a lo n g  s l i p  p l a n e s  i s  a v i t a l  f e a t u r e  o f  

t h i s  i n c o m p e te n t  s t r u c t u r e .  I t  i s  t h e r e f o r e  p r o p o s e d  to  

c o in  to  t e rm  ' r o t a r y  f a u l t '  t o  a p p l y  t o  t h i s  s t r u c t u r e .

The te rm  ' r o t a r y '  conveys  one p r o m i n e n t  f e a t u r e ;  namely  

t h a t  a  s i g n i f i c a n t  e l e m e n t  o f  t h e  d i s p l a c e m e n t  i s  a c h i e v e d  

by r o t a t i n g  t h e  s t r a t a .  T h i s  a u t h o r  a p p r e c i a t e s  t h a t  t h e  

te rm  i s  s i m i l a r  t o  ' r o t a t i o n a l  f a i l u r e s '  o r  ' r o t a t i o n a l  

f a u l t s '  as  fo u n d  i n  u n c o n s o l i d e d  m a t e r i a l s ;  how ev er ,  t h e  

r o t a t i n g  e l e m e n t  i s  an i m p o r t a n t  f e a t u r e  o f  t h i s  i n c o m p e t e n t  

s t r u c t u r e  and t h i s  a u t h o r  f e e l s  t h a t  t h e  t e r m s  a r e  

s u f f i c i e n t l y  d i s s i m i l a r .  The t e r m  ' r o t a r y  f a u l t ' w i l l  t h e r e  

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

The most n o t i c e a b l e  f e a t u r e  o f  t h i s  r o t a r y  f a u l t  i s  t h e  

extreme t h i n n i n g  o f  t h e  bed  a f f e c t e d  by t h e  s t r u c t u r e :  i n  

the  example n u o te d  h e r e  i t  i s  t h e  ITine P e e t  Seam w h ich  was 

o b se rv e d  to  t h i n  t o  0 . 50m from  i t  s n o rm a l  t h i c k n e s s  o f  

2.50m. The d e t a i l s  o f  t h e  r o t a r y  f a u l t  a t  Aberpergwm 

C o l l i e r y  were n o t e d  by t h i s  a u t h o r  on a number o f  v i s i t s  

to  t h e  c o l l i e r y  ( s e e  P i g . 5 . 2 1 ) .  The r o o f  m e a s u re s  o v e r  

the  seam i n  t h i s  a r e a  a r e  a  w e l l  bedded s i l t y  mudstone 

c o n t a i n i n g  numerous P l a n t  r e m a i n s .  The seam i t s e l f  i s  n o t  

a s i n g l e  l e a f  o f  c o a l ,  b u t  i s  b an d ed ,  h a v i n g  a s l i g h t l y  

v a r i a b l e  s e c t i o n  w h ich  a v e r a g e s :

Coal  0.06m

M u d s t o n e , c a r b o n a c e o u s ,  0.04m
r a s h y

2 1 9
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r
Coal 0.08m

P a r t i n g

Goal  ■ 0.17m

Mudstone ,  c a r b o n a c e o u s ,  r a s b y  0.10m

Coal  1.55m

S i d e r i t e  l e n s e s  0 . 05m

Coal  0.20m

S e a t e a r t h ,  weak 0.05m

I n f e r i o r  c o a l  0.05m

S e a t e a r t h ,  weak 0.10m

I n f e r i o r  c o a l  0.05m

The seam i s  u n d e r l a i n  by a t h i c k  s e a t e a r t h  w hich  i s  

a p p r o x i m a te ly  3m t h i c k  and w h ich  t e n d s  t o  be v e r y  weak and 

r a s h y  a t  t h e  t o n  becoming s t r o n g e r  downwards. The s e a t e a r t h  

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

The F I  f a c e  was examined from t h e  r i g h t  hand s u p p ly  r o a d  

down to  t h e  l e f t  hand main g a t e  r o a d .  At f i r s t  t h e  seam 

was o f  normal  t h i c k n e s s  and was u n d i s t u r b e d ;  moving tov/ards  

th e  main  g a t e  road .  the_ seam b e g a n  t o  l o s e  o v e r a l l  t h i c k n e s s .  

The to p  o f  t h e  seam rem a in ed  u n d i s t u r b e d ;  t h i s  i n c l u d e d  

th e  r o o f  m e a s u re s ,  t h e  to p m o s t  t h i n  c o a l  band and d i r t  

band and t h e  0.08m band o f  c o a l  o v e r l y i n g  t h e  p a r t i n g .  The

c o a l  from t h e  p a r t i n g  down to  t h e  n e x t  d i r t  band was f r i a b l e  

and s l i g h t l y  d i s t u r b e d  and t h e  c o a l  f rom t h i s  lo w e r  d i r t  

band down to  t h e  tv;o i n f e r i o r  c o a l  bands  a t  t h e  b a se  o f  th e  

seam became i n c r e a s i n g l y  d i s t u r b e d  as  t h e  main  g a t e  r o a d  

was a p p ro a c h e d .  C a r e f u l  e x a m i n a t i o n  o f  t h e  bands  o f  c o a l  

and mudstone r e v e a l e d  t h a t  t h e  to p m o s t  bands  were d i p p i n g

220.
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f a i r l y  r e g u l a r l y  a t  3^ t o  3° t o w a r d s  t h e  m a in  g a t e  r o a d .

The 0.10m b a n d  o f  c a r b o n a c e o u s  m u d s to n e  n e a r  t h e  t o p  o f  t h e  

seam i s  n o r m a l l y  w eak  a n d  t e n d s  t o  be  r a s h y .  sVhen e x a m in e d  

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

t h i c k n e s s  b e t w e e n  0 .10m  and  0 .20m  an d  was  h i g h l y  s h e a r e d .

The m a in  l e a f  o f  c o a l  b e lo w  t h i s  d i r t  ban d  h a d  b e e n  r o t a t e d  

by an am ount  w h i c h  i n c r e a s e s  t o  51^ i n  t h e  v i c i n i t y  o f  t h e  

m a in  g a t e  r o a d  ( s e e  P i g s . 5 . 2 2 ,  5 . 2 3  and  5 . 2 4 J .  The 

t h i c k n e s s  o f  t h i s  l e a f  o f  c o a l  r e m a i n e d  n o r m a l  when m e a s u r e d  

a t  r i g h t  a n g l e s  t o  t h e  d i n ,  b u t  a s  t h e  am o u n t  o f  r o t a t i o n  

i n c r e a s e d  t h e  seam a m ^ e a r e d  t o  t h i n  w hen  m e a s u r e d  v e r t i c a l l y

The r o t a t i o n  was  l i m i t e d  t o  t h e  m a in  l e a f  o f  c o a l  so  t h a t  

r e l a t i v e  movement h a d  t a k e n  n l a c e  a l o n g  t h e  0 .10m d i r t  

b a n d ,  a l o n g  e a c h  a r e - e x i s t i n g  s l i m  n l a n e  a n d  a l o n g  t h e  0 . 05m 

o f  weak s e a t e a r t h  i m m e d i a t e l y  u n d e r l y i n g  t h e  m a in  l e a f  o f  

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

f a u l t  i n  t h e  m a in  l e a f  o f  c o a l .  As i n  v i r t u a l l y  a l l  

a n t h r a c i t e  seam s  t h e  s l i n  n l a n e s  w e re  v e r y  w e l l  d e v e l o p e d  

i n  t h e  c o a l ,  b u t  d i e d  o u t  dow nw ards  i n t o  t h e  s e a t e a r t h .

The movement was b e s t  d e v e l o p e d  w h e re  t h e  s l i p  n l a n e s  w e re  

w e l l  d e v e l o p e d .  The h i g h e r  o f  t h e  two i n f e r i o r  b a n d s  o f  

c o a l  o c c u r r i n g  a t  t h e  b o t t o m  o f  t h e  seam t e n d e d  t o  u n d u l a t e  

s l i g h t l y  a l o n g  t h e  l e n g t h  o f  t h e  f a c e  h a v i n g  b e e n  d i s p l a c e d  

s l i g h t l y  a l o n g  e a c h  s l i n  p l a n e  ; t h e  movement  was a c h i e v e d  

by means o f  e l a s t i c  f l o w .  The s l i n  n l a n e s  w e re  s l i g h t l y  

l e s s  w e l l  d e v e l o p e d  and  t h e  movement  l e s s  n r o n o u n c e d  a t  t h e  

lo w e r  band  o f  i n f e r i o r  c o a l  so  t h a t  i t  d i s p l a y e d  v i r t u a l l y  

no d i s l o c a t i o n .

2 I



I/)
CJ

LU

OJ

o
w

E

».

OJ
c n
L -
GJ

<

OJ
w
O

CM

OJ

CJ)
c

Z3
C5

> %
L _
C3
o

ÛC
M—o

( / )

5

OJ
Q

OJ
cn
c no

c
o
w
OJ

00

• . 

I

<

o
CL

E
CJ
OJ

00

OJ
OJ

OJ
c

o
J C  
00

(/)
- ac_
o
u
QJ
c_

CO
lJ

c
o

■O
OJto
CJ

CD

/ A
X

A.
A A

A
A A

k
// A

A A

A A
A

A
/ /  

/  /
A

■O
OJ

aL J
Szj
c

o _
TD
OJ

c n
c
o

</) 
OJ 
(_  

■I "
OJ

- d  ^

C_ 0»
O t ;
to

OJ CJ

S - 2
to  •—

(U QJ QJ
to

TJ
QJ-4—
CJ

o

CJ
o
u

to
JK:
u
O

CO

o

to

. 5  QJ

2  °
CL
CL QJ
CJ _C 

to
— C 
c  o

CJ 
w
oQJ

3
O

QJ
ID

§  -  
LJ CJ

U
C- to

|ji
c_CL —̂ T3 

a
CL to O-

: i3  c3 o
( / )  CO z

CSI
CSI

lH

QJ
(_
3oi

QJ
QJ

00
to
QJ

to
QJ

Fig u r e  5 .2 4



The seam had  t h e r e f o r e  b e e n  a f f e c t e d  by p r e s s u r e s  w h ic h  h ad  

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

was a lm o s t  h o r i z o n t a l  a t  t h e  t o n  and b o t t o m  w here  t h e y  

o c c u r r e d  i n  t h e  band  o f  c a r b o n a c e o u s  m uds tone  and t h e  s e a t 

e a r t h  r c s n e c t i v e l y . I n  t h e  m id d le  s e c t i o n  e a c h  p l a n e  o f  

movement was a l o n g  t h e  n r e - e x i s t i n g  s l i n  n l a n e  and so  d i p p e d  

a t  a p p r o x i m a t e l y  5 5 ° .

R e l a t i v e  movement a l o n g  t h i s  r o t a r y  f a u l t  i n c r e a s e d  i n  a  

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

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

m e a s u re s  w ere  o b s e r v e d  t o  come c l o s e r  and c l o s e r  t o g e t h e r  a s  

t h e  seam t h i n n e d ,  a t  f i r s t  by t h e  i n c r e a s e d  r o t a t i o n  o f  e a c h  

c e l l  o f  c o a l .

R e a r  t h e  m a in  g a t e  r o a d  t h e  m a i n  l e a f  o f  c o a l  was  s e e n  t o  t h i n  

a n d  be r e p l a c e d  by 0 .55m o f  P u l v e r i s e d  c o a l .  The s e c t i o n  a t  

t h i s  P o i n t  c o n s i s t e d  o f :

U n d i s t u r b e d  s i l t y  m u d s to n e

U n d i s t u r b e d  c o a l  0 .06m

U u d s to n e ,  c a r b o n a c e o u s ,  r a s h y  0 .04m

G o a l ,  t h e  t o n  b e d d i n g  P l a n e  was i n t a c t
b u t  t h e  c o a l  was p u l v e r i s e d .  0.35m

S e a t e a r t h ,  d i s t u r b e d  0 .15m ( v a r i a b l e )

I n f e r i o r  C o a l  0.05m

S e a t e a r t h ,  weak and r a s h y  0 .10m

I n f e r i o r  Goal  0.05m

2 2 2
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Thus ,  t h e  r o o f  and f l o o r  m e a s u re s  w ere  i n t a c t  and had  t h e  

a p p e a r a n c e  o f  b e i n g  u n d i s t u r b e d ;  t h e  i n t e r v e n i n g  g ro u n d  

p r e v i o u s l y  o c c u p i e d  by a p p r o x i m a t e l y  2 .8m o f  c o a l  seam, was 

r e p r e s e n t e d  by 0.35m o f  p u l v e r i s e d  c o a l  a t  t h i s  p o i n t .

I f  two g i v e n  d a t a  a r e  exam ined  a c r o s s  a  n o rm a l  f a u l t - t h e  

u s u a l  i n t e r v a l  b e tw e e n  them i s  r e d u c e d  by t h e  d i s p l a c e m e n t  

o f  t h e  f a u l t ,  w h ich  i s  t e n s i o n a l  i n  i t  s  g e n e r a t i o n .  The 

same e x a m i n a t i o n  a c r o s s  an  o v e r t h r u s t ,  w h ic h  i s  due t o  

c o m p r e s s i o n ,  r e v e a l s  t h a t  t h e  i n t e r v a l  b e tw e e n  t h e  tv;o 

datums i s  i n c r e a s e d .  I n  t h e  c a s e  o f  t h e  r o t a r y  f a u l t  

o b s e r v e d  a t  Aberpergwm C o l l i e r y ,  t h e  u s u a l  s e p a r a t i o n  

b e tw een  t h e  r o o f  m udstone  and t h e  s e a t e a r t h  i s  g r e a t l y  

r e d u c e d  when compared t o  t h e  norm: t h i s  s u g g e s t s  t h a t  r o t a r y  

f a u l t s  a r e  t e n s i o n a l  i n  o r i g i n .  However,  an  e x a m i n a t i o n  o f  

a l l  t h e  f e a t u r e s  o f  t h e  r o t a r y  f a u l t  a t  Aberpergwm s u g g e s t s  

t h a t  i t  i s  a  s t r u c t u r e  w h ich  h a s  fo rm ed  i n  a  s t r e s s  f i e l d  

where  t h e  p r i n c i p a l  s t r e s s  i s  c l o s e  t o  v e r t i c a l  and i s  

c o m p r e s s i o n a l , F i g u r e  5 * I 0 c .  A d i a g r a m m a t i c  i n t e r p r e t a t i o n  

o f  t h i s , r o t a r y  f a u l t  i s  i l l u s t r a t e d  i n  F i g u r e  5 . 2 5 ,  w h ich  

i s  f u r t h e r  s t y l i s e d  i n  F i g u r e  5 . 2 6 .

S t r a i g h t f o r w a r d  c o m p r e s s i o n  a c t i n g  a p p r o x i m a t e l y  a t  r i g h t  

a n g l e s  t o  t h e  b e d d in g  i n  t h i s  f a s h i o n  can  be e n v i s a g e d ,  

d u r i n g  e r o g e n i c  a c t i v i t y ,  where  u p l i f t  w ould  p ro d u ce  

l o c a l i s e d  p r e s s u r e  p o i n t s  s u b j e c t i n g  t h e  s t r a t a  t o  co m p re s s io n .  

S h e a r i n g  i n d u c e d  by r e l a t i v e  l a t e r a l  movement c an  be e n v i s a g e d  

i n  t h e  c a s e  o f  t h e  A rm or ican  o r e g e n y  w here  t h e  c o a l f i e l d  was 

s u b j e c t e d  t o  p r e s s u r e s  f rom t h e  s o u t h .  I n  t h e  c a s e  o f  su c h  

p r e s s u r e s  one would  n o t  e x p e c t  a l l  t h e  s t r a t a  i n  a  s e d im e n t

223.
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p i l e  such  as  t h e  Goal Measures  t o  move u n i f o r m l y ;  r e l a t i v e  

movement o f  one bed o r  g ro u p  o f  beds  o v e r  a n o t h e r  can  be 

e x p e c te d  l o c a l l y .  What i s  s u r p r i s i n g  i n  t h i s  i n s t a n c e  a t  

Aberpergwm C o l l i e r y  i s  t h a t  t h e  r e l a t i v e  movement would 

have to  be c l o s e  to  w e s t - s o u t h - w e s t  t o  e a s t - n o r t h - e a s t ;  

v i r t u a l l y  a t  r i g h t  a n g l e s  to  t h e  n o r t h - w e s t  t o  s o u t h - e a s t  

normal f a u l t s .

U n f o r t u n a t e l y  th e  e x t e n t  and t r e n d  o f  t h i s  r o t a r y  f a u l t  h a s ,  

so f a r ,  n o t  b ee n  p ro v e d  b e c a u s e  o f  t h e  s m a l l  amount of  

development  work c a r r i e d  o u t  i n  t h i s  a r e a  o f  t h e  c o l l i e r y .

I t  would  be i n t e r e s t i n g  t o  u P - d a t e  i n f o r m a t i o n  on  t h i s  

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

62 Small S c a le  In c o m p e te n t  S t r u c t u r e s  A f f e c t i n g  Harrow 
S t r a t i g r a p h i e  Bands '

There a r e  s e v e r a l  examples  o f  s t r a t i g r a p h i e  h o r i z o n s  t h a t  

have been  s e l e c t i v e l y  deformed b o t h  w i t h i n  t h e  a r e a  o f  s tu d y  

and i n  t h e  a d j a c e n t  a r e a s .  There  a r e  some in c o m p e te n t  bands 

displa^Ting d e f o r m a t i o n  a lm o s t  eve ryw here  i n  t h e  c o a l f i e l d ,  

a l t h o u g h  s u c h  h o r i z o n s  a r e  l e s s  common f u r t h e r  e a s t  i n  th e  

c o a l f i e l d .

W ith in  t h e  a r e a  o f  sinidy a  number o f  t h e  t h i c k e r  c o a l  and 

s e a t e a r t h  beds  have been  deform ed w h i l e  t h e  s u r r o u n d i n g  

measures  a r e  u n d i s t u r b e d .  At T r e f o r g a n  C o l l i e r y  th e  f l o o r  

of th e  Upper Nine F e e t  Seam i s  one such  exam ple .  The 

normal sequence  i s  i l l u s t r a t e d  i n  F ig u re  5 .2 7  where i t  can 

be s e e n  t h a t  t h e  seam i s  o v e r l a i n  by a s i l t y  to  s l i g h t l y  

s i l t y  mudstone which  i s  t h i n n l y  bedded .  The seam i t s e l f
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i s  a p p r o x i m a t e l y  1 .80m t h i c k ,  w i t h  two t h i n  d i r t  b a n d s  n e a r  

t h e  b a s e .  I t  s i t s  on  a  r e l a t i v e l y  t h i c k  s e a t e a r t h  w h i c h  i s  

some 3m t h i c k .  I n  t h e  T r e f o r g a n  a r e a  t h e  t o n  o f  t h e  s e a t 

e a r t h  i s  e v e r y w h e r e  b r o k e n  by many m i c r o - s h e a r s  r e s u l t i n g  

i n  a bed o f  w ea k ,  f r i a b l e  r a s h i n g s  w h ic h  c a n  be c r u m b l e d  

e a s i l y  by h a n d .

T h i s  bed  o f  r a s h i n g s  v a r i e s  i n  t h i c k n e s s  b u t  i s  n o r m a l l y  

a b o u t  Im t h i c k .  The i n t e n s i t y  o f  m i c r o - s h e a r i n g  d i m i n i s h e s  

downwards  a s  t h e  s i l t  c o n t e n t  i n  t h e  s e a t e a r t h  i n c r e a s e s  

an d  t h e  s e a t e a r t h  t a k e s  on  a  n o r m a l  a p p e a r a n c e  w i t h  

r e c o g n i z a b l e  r o o t s .  E l s e w h e r e  t h e r e  a r e  e x t e n s i v e  d e p o s i t s  

o f  s P h a e r o s i d e r i t e  p i n - h e a d  n o d u l e s  i n  t h e  s e a t e a r t h  a n d , l i k e  

q u a r t z  g r a i n s ,  w h e r e  p r e s e n t  i n  t h e  s e a t e a r t h  t h e  

S P h a e r o s i d e r i t e  e f f e c t i v e l y  p r o h i b i t s  t h e  d e v e l o p m e n t  o f  

t h e  m i c r o - s h e a r i n g .

The m i c r o - s h e a r i n g  i s  f r e q u e n t l y  so i n t e n s e  t h a t  i n d i v i d u a l  

s h e a r  s u r f a c e s  a r e  t o o  s m a l l  t o  t a k e  m e a s u re m e n t s  o n :  t h e  

number  o f  o r i e n t a t i o n s  o f  s h e a r  s u r f a c e s  a l s o  s e r v e s  t o  

r e d u c e  th e  s e a t e a r t h  t o  s m a l l  f r a g m e n t s .  'Vhere a  ^ a t t e r n  

can  be r e c o g n i s e d  i t  i s  a lw av s  i n  t h e  shame o f  s i n u o u s  

' 3 ’ s h e a r s .  T h e se  a r e  m os t  e a s i l y  o b s e r v e d  w here  t h e  

m i c r o - s h e a r i n g  a f f e c t s  t h e  l o w e s t  t h i n  l e a f  o f  c o a l .  I n  

many o b s e r v a t i o n s  t h e  c o a l  l e a f  s im p l y  became c a u g h t  u p  i n  

t h e  s h e a r i n g  and s m a l l  f r a g m e n t s  and c u b es  o f  t h e  a n t h r a c i t e  

a r e  s c a t t e r e d  t h r o u g h  t h e  n o u e r  p o r t i o n  o f  t h e  bed o f  

r a s h i n g s .  E l s e w h e r e  w here  t h e  s h e a r i n g  was l e s s  i n t e n s e  

t h e  c o a l  c o u l d  be s e e n  i n  s m a l l  b u t  d i s c r e t e  ’3 ’ f r a g m e n t s  

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

F i g u r e  5 . 2 7 .
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To t h e  e a s t  and s o u t h  e a s t  t h e  U pper  Nine F e e t  oeam w i t h  

t h e  Lower Nine F e e t  o f  t h e  T r e f o r g a n  a r e a  fo rm  t h e  

s t a n d a r d  Nine F e e t  Seam. The s t a n d a r d  F i n e  F e e t  Seam i s  

p r e s e n t  a c r o s s  t h e  t a k e  o f  t h e  a d j a c e n t  Aberpergwm C o l l i e r y :  

t h e r e  t h e  same p a t t e r n  o f  m i c r o - s h e a r i n g  i s  p r e s e n t  a t  t h e  

t o p  o f  t h e  t h i c k  s e a t e a r t h  w h ic h  u n d e r l i e s  t h e  I line  F e e t  

Seam. A l th o u g h  n o t  docum en ted  by a  g e o l o g i s t ,  m in in g  

r e c o r d s  s u g g e s t  t h a t  t h e  same p a t t e r n  was a l s o  ^ r e s e n t  

f u r t h e r  w e s t  i n  t h e  U pper  Nine F e e t  Seam w o r k i n g s  a t  C e fn  

Coed C o l l i e r y .  C om bin ing  t h e  docum en ted  i n f o r m a t i o n  w i t h  

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

a f f e c t s  a p p r o x i m a t e l y  a Im band  o f  g r o u n d  f o r  an  a r e a  i n  

e x c e s s  o f  30 s q u a r e  k i l o m e t r e s  l e a v i n g  t h e  e n v e l o p i n g  

s t r a t a  u n d i s t u r b e d .

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

can  be o b s e r v e d  i n  t h e  U pper  S i x  F e e t  Seam, w h ic h  o c c u r s

a p p r o x i m a t e l y  50m above t h e  ^ p - e r  F i n e  F e e t  Seam i n  t h e

T r e f o r g a n  a r e a .  T h i s  seam h a s  a  t h i n n l y  b e d d e d ,  s l i g h t l y  

s i l t y  m uds tone  r o o f  and a  s e a t e a r t h  f l o o r  w h ic h  t e n d s  t o  be 

v e r y  s i l t y  o r  s a n d y .  The seam i t s e l f  i s  i n  two l e a v e s  and 

i s  j u s t  o v e r  a m e t r e  t h i c k  on a v e r a g e ,  h a v i n g  a  s e c t i o n :

C o a l  O.7 O3

M u d s to n e ,  c a r b o n a c e o u s  0.15m

C o a l  0.30m

The c e n t r a l  b and  o f  c a r b o n a c e o u s  m uds tone  i s  f r i a b l e  and 

h i g h l y  s h e a r e d  w h e r e v e r  i t  h a s  b e e n  exam in ed  i n  t h e  T r e f o r g a n  

a r e a .

2 2 6
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As a c u m u l a t i v e  e f f e c t  o f  t h e  movement a l o n g  t h e s e  m i c r o 

s h e a r  p l a n e s  t h e  t h i c k n e s s  o f  t h i s  c e n t r a l  d i r t  band  v a r i e s  

f rom  0.05m u p  t o  0 .5 0 m .  The tv/o l e a v e s  o f  c o a l  bend  and 

' f lo w *  t o  accommodate  t h i s  v a r i a t i o n ,  a s  do t h e  r o o f  and 

f l o o r  m e a s u r e s .  T h e re  a r e  no o b v i o u s  d i s p l a c e m e n t s  o f  t h e  

c o a l  b^nds  a l o n g  s l i p  p l a n e s , a s  h a s  b e e n  o b s e r v e d  i n  o t h e r  

in c o m p e t e n t  s t r u c t u r e s  ( s e e  F i g . 5 . 2 8 ) .

T hus ,  a c r o s s  t h e  T r e f o r g a n  a r e a  t h e  U pper  S i x  F e e t  Seam 

i s  a h i g h l y  v a r i a b l e  o n e ,  a  v a r i a t i o n  w h ic h  d o e s  n o t  hav e  

any o b v i o u s  p a t t e r n ,  so  t h a t  t h e  seam i s  d i f f i c u l t  to  work  

u s i n g  modern m in in g  m e t h o d s .

At Aberpergwm C o l l i e r y  t h e  seam h a s  u n i t e d  w i t h  ir.vo o t h e r  

c o a l  seams and a f u r t h e r  s e a t e a r t h  t o  fo rm  t h e  s t a n d a r d  

S i x  F e e t  Seam ( t h e  E i g h t e e n  F e e t  Seam o f  Aberpergwm; w h ic h  

i s  some 3 . 5 ^  t h i c k .  The d e f o r m e d  c a r b o n a c e o u s  m uds tone  

d e s c r i b e d  above i s  n o t  p r e s e n t ,  so t h e  m i c r o - s h e a r i n g  i s  

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

h a s  b ee n  o b s e r v e d  a c r o s s  t h e  T r e f o r g a n  a r e a  and a f f e c t s  a t  

l e a s t  10 s q u a r e  k i l o m e t r e s .

In c o m p e te n t  s t r u c t u r e s  s e l e c t i v e l y  a f f e c t i n g  n a r ro w  

s t r a t i g r a p h i e  bands  have  b e e n  o b s e r v e d  a t  a  number  o f  

h o r i z o n s  w i t h i n  t h e  a r e a  o f  s t u d y .  A l l  t h e  o b s e r v a t i o n s  

have b e en  i n  t h e  m e a s u r e s  b e low  t h e  ' F e n n a n t  S a n d s t o n e s ’ . 

The number  o f  seams e x p l o i t e d  f ro m  t h e  F e n n a n t  M easu res  

a r e  r e l a t i v e l y  few ;  h o w e v e r ,  w o r k i n g s  a r e  f a i r l y  w i d e s r e a d  

and no exam ples  o f  i n c o m p e t e n t  s t r u c t u r e s  have  been  

documented f ro m  t h e s e  u p p e r  m e a s u re s  t o  d a t e .

2 7



E ls e w h e r e  i n c o m p e t e n t  s t r u c t u r e s  have  b e e n  o b s e r v e d  i n  t h e  

m e a s u re s  f rom  i m m e d i a t e l y  b e low  t h e  ’P e n n a n t  S a n d s t o n e s ’ 

down to  t h e  F i v e  F e e t  Seam.  The s t r u c t u r e s  s e l e c t i v e l y  

a f f e c t  t h e  w e a k e s t  g ro u n d  i n  t h a t  p a r t  o f  t h e  s u c c e s s i o n  

where  t h e y  o c c u r  so  t h a t  f a i r l y  f i n e  g r a i n e d  m u d s to n e s  

o v e r l y i n g  t h e  F i n e  F e e t  and U p p e r  S ix  F e e t  Seams i n  t h e  

ex am p les  d e c r i b e d  above  a r e  u n a f f e c t e d  and a r e  i m m e d i a t e l y  

a d j a c e n t  t o  i n c o m p e t e n t  s t r u c t u r e s . However ,  t h e  r o o f  o f  

t h e  il0o3 Rhondda ( o r  U pper  P i n c h i n ;  Seam i s  a  m uds tone  o f  

s i m i l a r  l i t h o l o g y ,  b u t  i s  l o c a l l y  a f f e c t e d  by i n c o m p e t e n t  

s t r u n t u r e s .  The R o .3  Rhondda  Seam i s  s i t u a t e d  j u s t  be low  

t h e  ’ P e n n a n t  M e a s u r e s ’ n e a r  t h e  b a s e  o f  t h e  U pper  G o a l  

M e a s u r e s .  The seam i t s e l f  i s  a  s e r i e s  o f  t h i n  b an d s  o f  

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

0.90m i n  t o t a l  t h i c k n e s s .  The f l o o r  i s  a  h a r d  s e a t e a r t h  

s a n d s t o n e  ( g a n i s t e r )  so  t h a t  t h e  r o o f  m u d s to n e  i s  t h e  l e a s t  

c o m p e te n t  l i t h o l o g y :  i t  i s  s u b j e c t  t o  i n c o m p e t e n t  

d e f o r m a t i o n  a t  t h i s  s t r a t i g r a p h i e  l e v e l ;  w h e r e a s  t h e  same 

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

M iddle  and l o w e r  Goal  M e a s u r e s .

Thus ,  i t  c a n  be s e e n  t h a t  t h i s  c a t e g o r y  o f  i n c o m p e t e n t  

s t r u c t u r e s  a r e  f o u n d  t h r o u g h o u t  t h e  m e a s u r e s  f rom  t h e  F i v e  

F e e t  Seam t o  i m m e d i a t e l y  b e lo w  t h e  P e n n a n t  S a n d s t o n e s ,  

/ / h i l s t  s u c h  s t r u c t u r e s  a r e  f o u n d  t h r o u g h o u t  t h e s e  m e a s u r e s  

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

t h e  u n d e r l y i n g  and o v e r l y i n g  a r e n a c e o u s  s e q u e n c e s .  V/hers-  

e v e r  su c h  s t r u c t u r e s  o c c u r  t h e y  a r e  s e l e c t i v e l y  c o n f i n e d  

t o  th e  l e a s t  c o m p e t e n t  l i t h o l o g y  i n  t h a t  p a r t  o f  t h e  

s e q u e n c e .
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CHAPTER 6 
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6.1 I n t r o d u c t i o n  and D i s c u s s i o n  o f  D a ta  S o u rces

The f o r e g o i n g  c h a p t e r s  have  d e s c r i b e d ,  i n  some d e t a i l ,  t h e  

sequence  o f  r o c k s  w hich  co m p r ise  t h e  Coal  M easures  w i t h i n  

th e  a r e a  o f  s tu d y  o f  t h i s  t h e s i s :  t h e y  have a l s o  d e s c r i b e d  

t h e  t e c t o n i c  s t r u e  "bares w hich  have  been  o b s e rv e d  w i t h i n  t h o s e  

r o c k s .  In  t h i s  c h a n t e r  i t  i s  n ro n o se d  to  b r i n g  a l l  t h e  

o b s e r v a t i o n s  t o g e t h e r  and t o  a t t e m p t  to  d e s c r i b e  a sequence  

o f  e v e n t s  w h ich  w i l l  a c c o u n t  f o r  t h e  d e p o s i t i o n  and 

s u b s e q u e n t  t e c t o n i c  d e f o r m a t i o n  o f  t h e  m easu res  o b s e rv e d  

w i t h i n  t h i s  n a r t  o f  t h e  F o r t h  Cron o f  t h e  S o u th  .Vales C o a l 

f i e l d .

The c o n c l u s i o n s  d i s c u s s e d  i n  t h i s  s e c t i o n  a r e  b a se d  on th e  

g r e a t e s t  number o f  o b s e r v a t i o n s  a v a i l a b l e  to  t h i s  a u t h o r  

from w i t h i n  t h e  a r e a  s t u d i e d .  Every  e f f o r t  has  been  made 

to  a v o id  t h e  n o s s i b l e  e r r o r s  w h ich  can  a r i s e  by e x t r a n o l a t i n g  

g e o l o g i c a l  n a t t e r n s  based  on a s i n g l e  v i s i t  t o  a  s i n g l e  

u n d e rg ro u n d  o r  s u r f a c e  e x p o su re  f a r  a c r o s s  t h e  c o a l f i e l d .

The d e f i c i e n c y  o f  i n a d e q u a t e  f i e l d  o b s e r v a t i o n s  a r e  h e r e  

i l l u s t r a t e d  w i t h  r e f e r e n c e  to  t h e  s t r u c t u r e  o f  t h e  C w m l ly n fe l l  

F a u l t ,  i n a c c u r a t e l y  d e s c r i b e d  by T r o t t e r  1947,  and r e d raw n  

h e re  ( P i g s .  6 . 1  and 5 . 2 ) .  The memoirs o f  t h e  B r i t i s h  

G e o l o g i c a l  Survey  ( f o r m e r l y  t h e  I n s t i t u t e  o f  G e o l o g i c a l  

S c i e n c e s ;  have t r a d i t i o n a l l y  fo rmed a  b a s i c  s o u rc e  o f  f i e l d  

d a t a  f o r  t h e  S o u th  .Vales and o t h e r  C o a l f i e l d s .  T h i s  a r e a  

i s  m a r g in a l  w i t h i n  t h e  M er th y r  Area  o f  t h e  memoirs and i t  was

2 2 9



Section A cross The Cwmllynfell Fault
s tud y.

Restored 
Opencast Site,

ped.^
Seam N^2 Rhondda’Seom':
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I
n e v e r  as  i m p o r t a n t  a s  t h e  M e r th y r  -  A b e rd a re  a r e a  e c o n o m i c a l l y .

T h i s  work d e s c r i b e s  t h i s  a r e a  i n  a d e t a i l  n o t  p r e v i o u s l y  

u n d e r t a k e n  and c o r r e c t s  t h e  n o t  i n s i g n i f i c a n t  e a r l i e r  m i s -  

c o r r e l a t i o n  o f  c o a l  seams ( R o b e r t s o n  1 9 3 2 ; .  Many w e l l  

e s t a b l i s h e d  n r i n c i n l e s  o f  o t h e r  a u t h o r s  a r e  q u o te d  i n  t h i s  

d i s c u s s i o n  and a r e  a n n l i e d  f o r  t h e  f i r s t  t im e  t o  a d e t a i l e d  

g e o l o g i c a l  a n n r a i s a l  o f  t h i s  a r e a .

Woodland and Evans (1964)  i d e n t i f i e d  and c o n s t r u c t e d  i d e a l  

c y c l e t h e m s  f o r  t h e  S o u th  Wales  C o a l f i e l d  w h ic h  w ere  b a s e d  

on o b s e r v a t i o n s  i n  t h e  P o n t y p r i d d  and M a e s te g  a r e a :  an  a r e a  

w h ic h  was d i s t a n t  f rom  t h e  c o n te m p o ra n e o u s  s h o r e l i n e .  T h i s  

work i d e n t i f i e s  and d e s c r i b e s  f o r  t h e  f i r s t  t im e  i d e a l  

c y c lo th e m s  f o r  an  a r e a  o f  t h i s  c o a l f i e l d  w h ic h  was m a r g i n a l  

t o  t h e  c o n te m p o ra n eo u s  s h o r e l i n e .  The i d e a l  c y c lo th e m s  

d e s c r i b e d  h e r e i n  c o n t a i n  much more d e t a i l e d  f a u n a l  

i n f o r m a t i o n  t h a n  t h o s e  o f  Woodland and E vans :  t h e y  do n o t  

n e c e s s a r i l y  conform to  t h e  same s t r a t i g r a p h i e  g r o u p i n g s  as  

t h o s e  o f  Woodland and E v a n s ;  t h e y  i d e n t i f y  a  c l o s i n g  

t r a n s g r e s s i v e  phase  p r e v i o u s l y  fo u n d  o n l y  i n  t h e  Lower 

W e s t p h a l i a n  A by Woodland and Evans ; and t h e y  d e m o n s t r a t e  

t h a t  c y c lo th e m s  a r e  n o t  t h e  b a s i c  c y c l i c l y  r e p e a t e d  

s e d i m e n t a r y  u n i t  f o r  t h e  ’P e n n a n t  M e a s u r e s ’ .

The d i s c u s s i o n s  o f  t h e  s t r u c t u r a l  g e o lo g y  s i m i l a r l y  draw 

upon  p r i n c i p l e s  e s t a b l i s h e d  by e a r l i e r  a u t h o r s .  These  

p r i n c i p l e s  a r e  a p p l i e d  t o  t h e  d e t a i l e d  s t r u c t u r a l  o b s e r v a t i o n s  

c o l l e c t e d  f rom a  w ide  g e o g r a p h i c  a r e a  and a s u b s t a n t i a l  p a r t  

o f  t h e  W e s t p h a l i a n  s t r a t i g r a p h i e  co lum n.  A new s t r u c t u r a l
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model i s  p ro p o se d  f o r  t h i s  a r e a  and i t  s i m p l i c a t i o n  f o r  

the  s t m c t u r a l  e v o l u t i o n  o f  t h e  Sou th  w ales  C o a l f i e l d  i s  

d i s c u s s e d ,

0,2 D i s c u s s i o n  o f  t h e  S t r a t i . ^ a p h y

11 P a l a e o - e n v i ro n m e n t

From t h e  d e t a i l e d  d e s c r i p t i o n  i n  C h a p t e r  2 o f  t h i s  t h e s i s  

i t  can  be s e e n  t h a t  t h e  Coal  Measures  o b s e r v e d  w i t h i n  t h e  

a r e a  c o v e re d  by t h i s  t h e s i s  a r e  t y p i c a l  o f  t h e  Coal  Measures  

obse rved  t h r o u g h o u t  much o f  t h e  s t r a t i g r a n h i c  column. They 

comnrise  a  seq u en ce  o f  c y c l i c  s e d im e n t s  w h ich  i n c l u d e  a l a r g e  

number o f  c o a l  seams.  A t o t a l  o f  54 seams o f  c o a l  have been  

d i s c u s s e d :  many o f  t h o s e  seams c o n t a i n  a number of  l e a v e s  o f  

c o a l  ( see  P i g . 2 . A).

P e t t i j o h n  (1957/  comments t h a t  t h e  t h i c k  d e n o s i t s  o f  n e a t  

which gave r i s e  t o  t h e  c o a l  seams a r e  a f e a t u r e  o f  f r e s h  

water  swamps, ouch n e a t  d e p o s i t s  m igh t  a c cu m u la te  by th e  

in s i t u  g ro w th  and c o a l i f i c a t i o n  o f  p l a n t  m a t e r i a l  

(au to c h th o n o u s  c o a l  s e a m s ) ,  o r  m igh t  a c c u m u la te  as  p l a n t  

m a t e r i a l  i s  c a r r i e d  i n t o  a  b a s i n  o f  d e p o s i t i o n  by s t r e a m  

a c t i o n  ( a l l o c h t h o n o u s  c o a l  s e a m s) .  The seams o b s e rv e d  

th ro u g h o u t  t h e  S t r a t i g r a p h i e  column w i t h i n  t h i s  s tu d y  a l l  

have a s e a t e a r t h  im m e d ia te ly  u n d e r l y i n g  t h e  c o a l  seam i n  

which t h e  f o s s i l  r e m a in s  o f  r o o t s  a r e  w i d e s p r e a d .  These 

coal seams a r e  t h e r e f o r e  c o n s i d e r e d  to  be a u t o c h t h o n o u s .
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The t r o n i c a l  o r  s u b - t r o p i c a l  s e t t i n g  f o r  t h e  d e p o s i t i o n  

o f  t h e  C a r b o n i f e r o u s  r o c k s  o f  t h i s  a r e a  i s  e n v i n c e d  by 

t h e  n r e s e n c e  o f  t h e  e x t e n s i v e  A von ian  l i m e s t o n e s  w h ic h  

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

S y s te m ;  t h e  n r e s e n c e  o f  c o r a l  w i t h i n  t h e  m a r in e  b an d s  

o f  t h e  C o a l  M e a s u r e s ;  and t h e  p r e s e n c e  o f  i r o n s t o n e  

n o d u l e s  t h r o u g h o u t  t h e  C o a l  M e a s u r e s .  C r u n e r  ( 1 9 2 2 ) ,

S i l l  (1927)  and J a n e s  (1954)  a l l  n o t e d  t h a t  i r o n s t o n e  

w i l l  be d e n o s i t e d  by n r e c i n i t a t i o n  i n  i r o n i c a l  

c o n d i t i o n s .

I n  a t h o r o u g h  e x a m i n a t i o n  o f  t h e  s e d i m e n t o l o g y  o f  t h e  

C a r b o n i f e r o u s  r o c k s  o f  S o u th  '.Vales K e l l i n g  (1976 ;  

s u g g e s t s  t h a t  t h e  .V e s tn h a l i a n  (now p a r t  o f  t h e  S i l e s i a n  

s u b - s y s t e m )  m e a s u r e s  r e n r e s e n t  a  p e r s i s t e n t l y  n e r a l i c  

e n v i r o n m e n t .  The s e n s i t i v i t y  o f  t h e  e n v i r o n m e n t  i s  r e f l e c t e d  

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

i n  t h e  C o a l  M easu re s  o f  t h i s  a r e a .  The p a t t e r n  o f  c y c l o t h e m s  

i n  t h e  Lower  C oa l  M easu res  and  t h e  l o w e r  p a r t  o f  t h e  M idd le  

C o a l  M e a su re s  .are more r e g u l a r  t h a n  t h e  c y c l o t h e m s  f o u n d  

h i g h e r  i n  t h e  C o a l  M easu res  ( c f .  P i g s .  2 . 1 0  and 2 . 1 1  w i t h  

P i g s .  2 . 1 2 ,  2 . 1 3  and 2 . 1 4 ) .

The c y c l i c  n a t u r e  o f  t h e  C o a l  M easu res  i n  Couth  Vales  

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

s e a - l e v e l  i n f l u e n c i n g  a  b a s i n  o f  d e p o s i t i o n  bounded  by 

an a r e a  o f  low r e l i e f  ( R o b e r t s o n  1 9 4 8 ) .
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.V i th in  t h e s e  r a u i d  c h a n g e s  o f  s e d i m e n t o l o g y  s e v e r a l  

p a t t e r n s  e m erg e .  A c o m p a r i s o n  o f  f i g u r e s  2 . 1 0  and 2 . 1 1  

w i t h  F i g u r e s  2 . 1 2 ,  2 .1 3  and 2 . 1 4  w i l l  r e v e a l  t h a t  t h e  

Lower Goal  M e asu res  and t h e  l o w e r  n a r t  o f  t h e  M iddle  

Coal  M easu res  {.V e s t o h a l i a n  A and Lower V e s t n h a l i a n  3j 

a r c  composed o f  c y c l o t h e m s  w h ic h  a r e  more r e g u l a r  t h a n  

t h e  c y c l o t h e m s  o f  h i g h e r  s u b - d i v i s i o n s  o f  t h e  Coal  

M easu res  (Unner  V e s t n h a l i a n  B t o  TTi^per V e s t n h a l i a n  C) .

h e l l i n g  (1 976 ;  c o n s i d e r e d  t h a t  t h e  C a r b o n i f e r o u s  r o c k s

o f  S o u th  V a le s  a c c u m u l a t e d  i n  a n a r a l i c  e n v i r o n m e n t  

w i t h  an  e m e r g e n t  a r e a  t o  t h e  n o r t h  ( S t .  G e o r g e ' s  Land ; ; 

a r o u g h l y  n o r t h - s o u t h  a r c u a t e  a r e a  o f  u P l i f t  t o  t h e  

e a s t  ( t h e  Usk A n t i c l i n e ; ;  and a  r a p i d l y  s u b s i d i n g  

g é o s y n c l i n a l  t r o u g h  t o  t h e  s o u t h  i n  w h ic h  f l y s c h - t y n e  

d e p o s i t s  w e re  a c c u m u l a t i n g .  The p r i n c i p l e  f a c t o r s  

i n f l u e n c i n g  t h e  d e p o s i t i o n  o f  t h e  C o a l  M e asu re s  w i t h i n  

t h i s  e n v i r o n m e n t  w ere  c l i m a t i c ,  t e c t o n i c  and e u s t a t i c .  

W hatever  t h e  i n t e r p l a y  o f  t h e s e  t h r e e  jh c t o r s  t h e  

o b s e r v a t i o n  n o t e d  i n  t h e  p r o c e e d i n g  p a r a g r a p h  s u g g e s t s  

t h a t  t h e y  became more v a r i a b l e  a s  t i m e  w en t  o n .

V a r i a t i o n s  a r e  p r e s e n t  w i t h i n  t h e  l o w e r  s u b - d i v i s i o n s  

o f  t h e  Coa l  M e a s u r e s .  A number o f  seams s p l i t  w i t h i n  

t h e  a r e a  o f  s t u d y , e . g .  t h e  Lower G e l l i d e g  Beam ( F i g . 2 . 1 5 ; ,  

t h e  Seven  F e e t  Seam ( F i g . 2 . 1 3 ) ,  t h e  F i n e  F e e t  Seam 

( F i g . 2 . 2 1 )  and t h e  Si: :  F e e t  Seam ( F i g . 2 . 2 3 ) .

/ C o n t
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Such s e an s n l i t s  a r e  a f e a t u r e  o f  d i f f e r e n t i a l  s u b s id e n c e  

w i t h i n  t h e  a r e a  o f  d e p o s i t i o n  ( ^ a r r y  1 9 6 6 ; .  W i t h i n  t h e  

a r e a  o f  t h i s  s t u d y  i t  i s  n o t i c e a b l e  t h a t  s e v e r a l  c o a l  seams 

have t h e i r  t h i c k e s t  dev e lo p m en t  i n  t h e  e a s t  o f  t h e  a r e a :  

around Aberpergivm and B laengw rach  C o l l i e r i e s ,  i . e .  n e a r  

the Vale of  N ea th  D i s t u r b a n c e . The seam s p l i t s  i n t o  a 

number o f  t h i n n e r  c o a l s ,  e a c h  w i t h  i t s  own u n d e r l y i n g  

s e a t e a r t h ,  i n  a w e s t e r l y  and n o r t h - w e s t e r l y  d i r e c t i o n .

Using t h e  p r i n c i p l e s  e s t a b l i s h e d  by P a r r y  i n  t h e  s o u t h 

e a s t  o f  t h e  c o a l f i e l d  t h e  s e d i m e n t a r y  P a t t e r n  o b s e rv ed  

w i th in  t h i s  p r e s e n t  a r e a  o f  s tu d y  s u g g e s t s  t h a t  t h e  r e g i o n  

around G ly n n ea th  was a p o s i t i v e  a r e a ,  w i t h  r e l a t i v e  

subs idence  i n  t h e  a r e a  e x t e n d i n g  to 'wards t h e  w e s t  and 

no r th  - w e s t .

2 Comparison o f  I d e a l  Cyclothems

The i d e a l  cy c lo th em s  c o n s t r u c t e d  f o r  t h i s  a r e a  o f  s tu d y  f o r  

the V e s t n h a l i a n  A ( F i g . 2 .46 ; ,  Lower V e s t n h a l i a n  B ( F i g . 2 . 4 7 ;  

and Upper  V e s t n h a l i a n  B/Lower V e s t p h a l i a n  C ( F i g . 2 .4 8 ;  show 

nany s i m i l a r i t i e s ,  s u g g e s t i n g  no d r a s t i c  change i n  

I sed im entary  c o n d i t i o n s .  The t h r e e  t y p i c a l  c y c lo th em s  a re  

of s i m i l a r  o v e r a l l  t h i c k n e s s  s u g g e s t i n g  t h a t  t h o u g h  t h e r e  

are some d i f f e r e n c e s  be tween  t h e  i n f l u e n c e s  o f  c l i m a t e ,  

t e c t o n i c s  and e u s t a t i c  c h a n g e s ,  t h e  i n t e r p l a y  bety/een th e  

three r e m a in e d  b r o a d l y  s i m i l a r  w i t h i n  t h e  a r e a  o f  s tu d y  

from t h e  o p e n in g  of  t h e  Coal  M easures  t o  t h e  Cambriense  

narine i n c u r s i o n .

All t h r e e  i d e a l  cy c lo th em s  commence w i t h  a r e g r e s s i v e  P h ase  

which d o m in a te s  t h e  c y c lo th e m ,  i n d i c a t i n g  r e l a t i v e l y  s t a b l e  

condi t ions  w i t h  a s low r e l a t i v e  f a l l  i n  s e a - l e v e l .  Thomas ( I 9 6 7 ;
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and V/i l l iarns  (1966 ,  1969) s u g g e s t  t h a t  t h e s e  d e p o s i t s  a r e  

t y p i c a l  l o w e r  d e l t a  p l a i n  and_bay  s e d i m e n t s  w h ich  

were i n t e r m i t t e n t l y  a f f e c t e d  by d i s t r i b u t o r y  s a n d s  ( F i g . 2 . 3 0 ) .  

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

C h a p te r  2 would  s u p p o r t  t h i s  a s s u m p t i o n .  The s a n d s t o n e  phase  

w i t h i n  t h e  c y c l o t h e m s  c o m p r i s i n g  t h i s  p a r t  o f  t h e  s e q u e n c e  

t e n d s  t o  be v a r i a b l e  i n  t h i c k n e s s  and i n t e r m i t t e n t  i n  

d e v e lo p m e n t .

The t h r e e  i d e a l  c y c lo th e m s  a l s o  d i s p l a y  a  b r o a d l y  s i m i l a r  

c l o s i n g  p h a s e :  e a c h  c l o s e s  w i t h  a  n o t i c e a b l y  s u b o r d i n a t e  

p r o g r e s s i v e  p h a s e .  T h i s  s u g g e s t s  t h a t  w h i l e  t h e  f a l l  i n  s e a -  

l e v e l  m ig h t  have  b e en  a c h i e v e d  s l o w l y ,  t h e  e u s t a t i c  changes  

which  c l o s e d  e a c h  c y c l e t h e m  were  r a p i d  and s h o r t  l i v e d .

2.2.1 Lower W e s t p h a l i a n  A

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

to  be o b s e r v e d .  The i d e a l  c y c lo th e m  f o r  t h e  W e s t p h a l i a n  A 

i s  t h e  t h i c k e s t  o f  t h e s e  t h r e e ,  i t  t e n d s  t o  h av e  a  r e l a t i v e l y  

t h i n  seam o f  c o a l  w h ich  i s  u s u a l l y  m u l t i - l e a v e d .  The f a u n a  

of t h e  d o m in an t  r e g r e s s i v e  P h a se  i s  E u e s t h e r i a  s p . , s m a l l  

f r a g m e n t s  o f  f i s h  r e m a i n s ,  l a m e l l i b r a n c h s  and v a r i o u s  worm 

m a rk in g s ,  a l l  b e i n g  i n d i c a t i v e  o f  a  b r a c k i s h  r a t h e r  t h a n  a 

mar ine e n v i r o n m e n t  ( G a l v e r  I 9 6 9 ) .  P l a n t s  a r e  common i n  t h e  

u ppe r  p a r t  o f  t h e  r e g r e s s i v e  p h a s e  and p e r s i s t  upwards  t h r o u g h 

out  t h e  c y c lo th e m  t h r o u g h  t h e  a r e n a c e o u s  and p r o g r e s s i v e  p h a s e s

This  i d e a l  c v c lo th e m  i s  t h i c k e r  t h a n  t h e  two s u c c e e d i n g  i d e a l  

c y c lo th e m s :  i t  may be t h a t  t h e  a r e a  o f  s t u d y  was s i t u a t e d  

s l i g h t l y  h i g h e r  on t h e  d e l t a  P l a i n .  ’Ey c o m p a r i s o n  t h i s  a r e a
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may have been  s i t u a t e d  lo w e r  on t h e  d e l t a  p l a i n  i n  th e  

su c ce e d in g  W e s t p h a l i a n  B and Lower W e s t p h a l i a n  0 t i m e s .

A l t e r n a t i v e l y ,  K e l l i n g  p o i n t s  o u t  t h a t  w i t h i n  a g iv e n  

s e d im e n ta ry  e n v i r o n m e n t  t h e  r a t e  o f  i n f l u x  o f  s e d im e n t  w i l l  

be c o n t r o l l e d  by t h e  c l i m a t e  ( K e l l i n g  1 9 7 6 ) .  I f  t h i s  v iew 

is  a c c e p t e d  t h e n  i t  would  s u g g e s t  t h a t  t h e  c l i m a t e  v;as 

g e n e r a l l y  w e t t e r  i n  W e s t p h a l i a n  A t i m e s  t h a n  i n  th e  s u c c e e d i n g  

W es tp h a l ian  B and Lower W e s t p h a l i a n  G t i m e s .

An e x a m i n a t i o n  o f  t h e  f o s s i l  a s s e m b la g e s  t y p i c a l l y  o f  t h e  i d e a l  

cyc lo them s f o r  t h e  Lower W e s t p h a l i a n  B and Upper  W e s tp h a l i a n  B /  

Lower W e s t p h a l i a n  G ( r i g s .  2.4-7 and 2 . 4 8 )  w i l l  show t h a t  

O s t r a c o d s ,  P l a n o l i t e s  o p h th a l r a o id e s  and a  number o f  m ar in e  

f o s s i l s  a r e  t o  be fo und  n e a r  t h e  commencement o f  t h e  r e g r e s s i v e  

Phase i m m e d ia t e ly  above t h e  P r o c e e d i n g  c o a l .  The p r e s e n c e  

of t h e s e  f o s s i l s  and t h e  d ev e lo p m en t  o f  one o r  more 

marine bands  n e a r  t h e  b a s e  o f  t h e  c y c lo th e m s  s u g g e s t  t h a t  t h e  

e u s t a t i c  ch an g e s  n e c e s s a r y  to  p e r m i t  a  m a r in e  i n c u r s i o n  were  

accom pl ished  f a i r l y  r e a d i l y  d u r i n g  t h e  'W e s tp h a l ia n  B and 

Lower W e s t p h a l i a n  t i m e s .

F u r t h e r ,  t h e  common o c c u r r e n c e  o f  w e l l  d e v e lo p e d  P l a n o l i t e s  

o p h th a lm o id es  as  opposed to  t h e  s t u n t e d  P l a n o l i t e s  s p .  fo u n d  

in t h e  W e s tp h a l i a n  A i d e a l  c y c lo th e m  s u g g e s t s  more open ,  

c l e a n e r  s e a s  p r e v a i l e d  i n  t h e  l a t e r  p e r i o d s .  T h is  l e a d s  t o  

the c o n c l u s i o n  t h a t  t h e  d i f f e r e n c e s  o b s e r v e d  be tween  th e  i d e a l

i
' / e s t p h a l i a n  A cy c lo th em  and t h e  g e n e r a l l y  more s i m i l a r  

Lower 'W es tp h a l ia n  3 and Upper  ’W es tPha l ianB /L ow er  . . e s t p h a l i a n  G 

id e a l  c y c lo th e m s  i s  b ec a u s e  t h e  a r e a  o f  s t u d y  was s i t e d  

s l i g h t l y  h i g h e r  on t h e  d e l t a  P l a i n  d u r i n g  W e s tp h a l i a n  A t i m e s ;
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the  d e p o s i t i o n a l  b a s i n  s u b s i d e d  w i t h  t im e  so t h a t  t h i s  a r e a  

was l o w e r  on t h e  d e l t a  p l a i n  i n  W e s t p h a l i a n  B and Lower 

W e s tp h a l i a n  C t i m e s .

Seams o f  c o a l  a r e  r e l a t i v e l y  t h i n  and r a r e l y  s i n g l e - l e a f  i n  

the  W e s t p h a l i a n  A m e a s u r e s .  T h i s  s u g g e s t s  an i n s t a b i l i t y  o f  

the  d e l t a  p l a i n  w hich  a l l o w e d  r e l a t i v e l y  t h i n  a c c u m u l a t i o n s  o f  

p e a t  r e s u l t i n g  i n  t h i n n e r  c o a l  seam s:  l o c a l  e u s t a t i c  changes  

as a r e s u l t  o f  t h e  i n s t a b i l i t y  r e s u l t e d  i n  t h e  d e p o s i t i o n  

of t h i n  beds  o f  mud w h ich  s u b s e q u e n t l y  l i t h i f i e d  t o  fo rm  th e  

i n t r a - s e a m  d i r t  b a n d s .

,2,2 Lower J e s t n h a l i a n  B

■Then one exam ines  t h e  i d e a l  c y c lo th e m  f o r  t h i s  sub  -  

d i v i s i o n  i d e n t i f i e d  w i t h i n  t h e  a r e a  o f  s t u d y  t h e r e  a r e  a 

number o f  d i f f e r e n c e s  o f  d e t a i l  a s  compared w i t h  t h e  i d e a l  

cyc lo them f o r  t h e  J e s t p h a l i a n  A. The i d e a l  c y c lo th e m  f o r  t h e  

Lower U e s t n h a l i a n  B i s  t h i n n e r  t h a n  i t s  u n d e r l y i n g  n e i g h b o u r  

and c o n t a i n s  a f o s s i l  a s s e m b la g e  w h ich  i s  more d i v e r s e  and 

more m ar ine  i n  n a t u r e . A n o t i c e a b l e  and i m p o r t a n t  d ev e lo p m en t  

in t h e  Lower ' .T e s tpha l ian  B i s  t h e  t h i c k  c o a l :  t h e  m a j o r i t y  o f  

widely  e x p l o i t e d  c o a l  seams i n  S o u th  .Vales a r e  t o  be found  

w i th in  t h i s  d i v i s i o n  o f  t h e  Goal  M e a su re s .  The d e l t a  p l a i n  

must have  r e m a in e d  s t a b l e  f o r  c o n s i d e r a b l e ,  p e r i o d s  . t o  a l lo w  

the t h i c k  a c c u m u l a t i o n s  o f  p e a t  w hich  form ed t h e s e  t h i c k  c o a l  

seams.

Llany o f  t h e s e  t h i c k  seams c o n t a i n  a number o f  t h i n  bands  of  

carbonaceous  mudstone i n d i c a t i n g  l o c a l  s u b s i d e n c e  and a b r e a k  

in th e  a c c u m u l a t i o n  o f  p e a t .  In  some i n s t a n c e s  t h e  s u b s i d e n c e
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was s u f f i c i e n t l y  l o n g  l i v e d  to  a l l o w  a s o i l  t o  fo rm r e s u l t i n g  

i n  a  s e a t e a r t h .  However ,  some o f  t h e s e  t h i c k  seams a r e  

s u r p r i s i n g l y  f r e e  f rom  d i r t  b a n d s :  t h e  m a in  l e a f  o f  t h e  S i x  

F e e t  Seam a t  Aberpergwm C o l l i e r y  i s  2.92m t h i c k  and i s  

i n t e r r u p t e d  by a s i n g l e  band o f  c a r b o n a c e o u s  mudstone  0.18m 

t h i c k .  C l e a r l y  t h e  d e l t a  p l a i n  m us t  h a v e  r e m a in e d  s t a b l e  a t  

a d e p t h  s u i t a b l e  f o r  t h e  g row th  o f  a t h i c k  P e a t  l a y e r  f o r  a  

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

in  s e a - l e v e l .  T h is  c o n t r a s t s  s h a r p l y  w i t h  t h e  l e s s  s t a b l e  

c o n d i t i o n s  s u g g e s t e d  by t h e  t h i n n e r ,  m u l t i - l e a v e d  seam 

d eve lopm en t  o f  t h e  U e s t p h a l i a n  A d i v i s i o n .

The m ea su re s  o f  t h e  Lower W e s t p h a l i a n  B d i v i s i o n  w i t h i n  t h e  

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

b a s i n  o f  d e p o s i t i o n :  i n d i v i d u a l  c y c lo th e m s  show g e o g r a p h i c  

v a r i a t i o n s  i n  t h e i r  s t r u c t u r e  ; t h i n  seams o f  c o a l  may be 

dev e lo p ed  l o c a l l y  w i t h i n  a c y c l o t h e m ;  many o f  t h e  c o a l  seams 

s p l i t  i n t o  a number o f  t h i n n e r  seams i n  a  w e s t e r l y  and n o r t h 

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

v a r i a t i o n s  t h a t  were P r e s e n t  i n  t h i s  a r e a  a t  t h e  t im e  o f  

d e p o s i t i o n ,  t h i s  a r e a  e n j o y e d  r e l a t i v e l y  s t a b l e  c o n d i t i o n s  

fo r  t h e  d u r a t i o n  o f  Lower l e s t p h a l i a n  B d i v i s i o n .

The v iew t h a t  t h e  c o n d i t i o n s  p r e v a i l i n g  w i t h i n  t h e  a r e a  o f  

s tudy d u r i n g  Lower u e s t P h a l i a n  B t i m e s  were  more d i s t a n t  f rom  

the co n tem p o ra n e o u s  s h o r e  t h a n  was t h e  c a s e  f o r  t h e  ’.V e s tp h a l i a n  

A p e r i o d  i s  s u p p o r t e d  by t h e  o c c u r r e n c e  o f  t h e  Vanderbec '- r  t  

(Amman) K a r i n e  Band. I n  f a c t  t h i s  i s  t h e  f i r s t  o f  a number o f  

marine bands  w h ic h  i n d i c a t e  t h e  f r e q u e n c y  w i t h  w h ich  m a r in e  o r  

Q uas i -m ar ine  c o n d i t i o n s  p r e v a i l e d  i n  t h i s  a r e a  f rom  t h e  o n s e t
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of  t h e  Lower  ’/ V e s tp h a l i a n  B p e r i o d  t h r o u g h  t o  t h e  Lower  

V / e s t p h a l i a n  G p e r i o d .

!,3 Upper  W e s t p h a l i a n  B/Lower  ï ï e s t o h a l i a n  C

The i d e a l  c y c l o t h e m  i d e n t i f i e d  w i t h i n  t h i s  a r e a  f o r  t h e  

Upper  W e s t p h a l i a n  B and  t h e  Lower W e s t p h a l i a n  G d i s p l a y s  

many f e a t u r e s  w h i c h  a r e  s i m i l a r  t o  t h e  im m e d ia te  u n d e r 

l y i n g  i d e a l  c y c l o t h e m ;  t h e  o v e r a l l  t h i c k n e s s ,  t h e  p r e v a l e n c e  

o f  m a r in e  i n c u r s i o n s  a t  t h e  b a s e  o f  t h e  c y c l o t h e m ,  t h e  

d o m in a n t  r e g r e s s i v e  P h a s e ,  a  v e r y  s h o r t - l i v e d  t r a n s g r e s s i v e  

p h a s e  a t  t h e  t o p  o f  t h e  c y c l o t h e m ,  t h e  a p p e a r a n c e  o f  P l a n t s  

t h r o u g h o u t  m o s t  o f  t h e  c y c l o t h e m  and  a  s i n g l e - l e a f  c o a l  

seam.

I n  m arked  c o n t r a s t  i s  t h e  t h i c k n e s s  o f  t h e  seam o f  c o a l :  

i n  t h e  m e a s u r e s  e m b ra c ed  i n  t h i s  d i v i s i o n  o f  t h e  G oa l  

M e a su re s  t h e  c o a l  seams r a r e l y  e x c e e d  Im a n d  a r e  g e n e r a l l y  

l e s s  t h a n  0 ,60m i n  t h i c k n e s s .  W h i l s t  a  r e l a t i v e l y  t h i n ,  

s i n g l e  l e a f  s t r u c t u r e  i s  t h e  m o s t  common c o a l  seam 

d e v e l o p m e n t ,  t h e  d e t a i l e d  c o n d i t i o n s  p r e s e n t  a c r o s s  t h e  

d e l t a  c o m p le x e s  i s  r e f l e c t e d  i n  t h e  v a r i a t i o n s  s e e n  i n  t h e  

c o a l  s e a m s .  K u l t i - l e a v e d  seams o f  c o a l  a r e  p r e s e n t  i n  

t h i s  P a r t  o f  t h e  s e q u e n c e ,  e . g .  t h e  U p p e r  W e lsh  V e in  ( P i g .  

2 . 3 6 ) ;  seam s d i s p l a y  r a p i d  c h a n g e s  o f  s t r u c t u r e  o v e r  

r e l a t i v e l y  s h o r t  d i s t a n c e s ,  e . g .  t h e  P e n t r e  Group o f  Seams 

( P i g . 2 . 3 2 ) ;  and seams show m arked  v a r i a t i o n s  i n  t h i c k n e s s ,  

e . g .  t h e  G o r l lw y n  Seam ( P i g . 2 . 3 1 ) .

The p r o x i m i t y  o f  o p e n  m a r in e  s e a s  i s  d e m o n s t r a t e d  by  t h e  

number o f  m a r in e  bands  i n  t h i s  p a r t  o f  t h e  s e q u e n c e ,  8 i n  a l l  

Some o f  t h e s e  m a r in e  i n c u r s i o n s  r e s u l t e d  i n  t r u l y  m a r i n e
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c o n d i t i o n s  o v e r  o n l y  p a r t  o f  t h i s  a r e a ,  e . g .  t h e  P o r a m i n i f e r a  

and  F i v e  Roads  M a r i n e  Bands  ( F i g . 2 . 3 3 ) ;  w h i l s t  some r e s u l t e d  

i n  o n l y  q u a s i - m a r i n e  c o n d i t i o n s  i n  t h i s  a r e a ,  e . g .  t h e  R afod  

H e u lo g  K a r i n e  Band ,  ( F i g . 2 . 2 7 ) .

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

s u g g e s t e d  P a l a e o - e n v i r o n m e n t  i s  d i s c u s s e d  i n  t h e  f o l l o w i n g  

s e c t i o n .  H ow ever ,  i t  i s  i m p o r t a n t  t o  n o t e  t h e  g e o g r a p h i c  

s p r e a d  o f  m a r i n e  and  q u a s i - m a r i n e  s e d i m e n t s  a c r o s s  t h i s  a r e a  

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

t h i s  s u b - d i v i s i o n  o f  t h e  G o a l  M e a s u r e s .

T h u s ,  two f e a t u r e s  d o m i n a t e  t h i s  s u b - d i v i s i o n  o f  t h e  G oal  

M e a s u r e s ,  The i d e a l  c y c l o t h e m  i n d i c a t e s  t h e  p r o x i m i t y  o f  a  

m a r i n e  e n v i r o n m e n t  w h i c h  c l e a r l y  s u g g e s t s  t h a t  t h i s  a r e a  was 

s i t u a t e d  on t h e  l o w e r  d e l t a  P l a i n  f o r  t h i s  p e r i o d .  T h i s  i s  

s u ^ t o r t e d  by t h e  l a c k  o f  t h i c k  c o a l  s e a m s ,  i n d i c a t i n g  t h a t  

t h e  a r e a  em e rg e d  t o  an  e n v i r o n m e n t  s u i t a b l e  f o r  d e n s e  

p l a n t  g r o w t h  f o r  o n l y  r e l a t i v e l y  s h o r t  P e r i o d s  o f  t i m e . / n  

e x a m i n a t i o n  o f  t h e  d e t a i l e d  s t r a t i g r a p h i e  s e c t i o n s  ( F i g s .  2 .2 5  

t o  2 . 3 7 )  i n d i c a t e s  t h a t  r a p i d  v a r i a t i o n s  t a k e  p l a c e  i n  t h e  

s t r u c t u r e  o f  t h e  c y c l o t h e m s  c o m p r i s i n g  t h i s  s u b - d i v i s i o n  o f  

t h e  Goal  M e a s u r e s .  S u ch  r a p i d  c h a n g e s  a r e  u n e x p e c t e d  i n  

e n v i r o n m e n t  w h i c h  o t h e r w i s e  a p p e a r s  t o  be b e c o m in g  more  m a r in e  

and  e v e r  more d i s t a n t  f ro m  t h e  c o n t e m p o r a n e o u s  s h o r e l i n e :  an  

e n v i r o n m e n t a l  d e v e l o p m e n t  w h e re  one m i g h t  e x p e c t  a  t r e n d  

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

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

n o t i c e a b l e  and  a r e  i n  c o n t r a s t  t o  t h e  u n d e r l y i n g  G o a l  M e a su re s  

I t  a p p e a r s  t h a t  a l t h o u g h  t h i s  a r e a  may h a v e  b e e n  m a r i n e
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a t  t i m e s  t h e  c h a n g e s  i n  r e l a t i v e  s e a - l e v e l  w ere  r a p i d :  m a r in e  

• i n c u r s i o n s  p r o b a b l y  s p r e a d  r a p i d l y  o v e r  a  d e l t a i c  a r e a  w h ic h  was 

of  low r e l i e f .  S l i g h t  c h a n g e s  o f  r e l a t i v e  s e a - l e v e l  r e s u l t e d  i n  

the  d e l t a  p l a i n  e m e r g in g  t o  a l l o w  t h e  d e v e lo p m e n t  o f  a  t h i c k  

v e g e t a t i o n  c o v e r .

A d e t a i l e d  e x a m i n a t i o n  o f  t h e  s t r a t i g r a p h i e  r e c o r d  f a v o u r s  t h e  

above i n t e r p r e t a t i o n  r a t h e r  t h a n  t h e  r a p i d  i n f i l l i n g  o f  a  

marine  b a s i n  a s  a  r e s u l t  o f  s e v e r e  c l i m a t i c  c h a n g e s .  The t h i c k  

d e p o s i t s  o f  c o a r s e  s e d i m e n t  w h i c h  w o u ld  r e s u l t  f rom  s u c h  a  

mechanism a r e  s i m p l y  n o t  p r e s e n t .  The i d e a l  Upper  M e s t p h a l i a n  

B/Lower W e s t p h a l i a n  C c y c l o t h e m  i s  t h i c k e r  t h a n  i t ' s  i m m e d i a t e l y  

u n d e r l y i n g  n e i g h b o u r  ( o f .  F i g s . 2 . 4 7  and  2 . 4 8 ) ,  b u t  t h e  i n c r e a s e d  

t h i c k n e s s  i s  m a r g i n a l  and c o n t r a s t s  s t r o n g l y  w i t h  t h e  much 

t h i c k e r  c y c l o t h e m s  i n  t h e  Upper  Coa l  M e a s u r e s .

Apart  f ro m  t h e  d e v e lo p m e n t  o f  m a r in e  s e d i m e n t s  t h e  o v e r a l l  

s t r u c t u r e  o f  t h e  l o w e r  W e s t p h a l i a n  B and  Upper  W e s t p h a l i a n  B /  

Lower W e s t p h a l i a n  C c y c l o t h e m s  a r e  s i m i l a r ;  s u g g e s t i n g  a  b r o a d  

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

s u g g e s t e d  h e r e  t h a t  t h e  d i f f e r e n c e s  b e tw e e n  t h e  tivo i d e a l  

cy c lo th em s  a r e  a  r e s u l t  o f  f a i r l y  r a p i d  c h a n g e s  o f  r e l a t i v e  s e a -  

l e v e l  i n  a b a s i n  o f  low r e l i e f .

M.4 Upper  W e s t p h a l i a n  C

The m e a s u re s  be low  t h e  P aynes  Seam h a v e  b e e n  s u b - d i v i d e d  by 

means o f  t h e  s t r u c t u r e  o f  t h e  c y c l o t h e m s .  F o r  e a c h  s u b - d i v i s i o n  

TTOPosed an  i d e a l  c y c l o t h e m  h a s  b e e n  r e c o g n i s e d  and d e s c r i b e d :  

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

/ C e n t
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u n i t  w i t h i n  e a c h  s u b - d i v i s i o n .  A l t h o u g h  W oodland  an d  E v a n s  

d e s c r i b e d  a n  i d e a l  c y c l o t h e m  f o r  t h e  U p o e r  V v e s t p h a l i a n  G 

s u b - d i v i s i o n  i n  t h e  P o n t y p r i d d  -  M a e s t e g  a r e a :  i t  h a s  p r o v e d  

i m p o s s i b l e  t o  d e s c r i b e  s u c h  a  c y c l o t h e m  i n  t h i s  a r e a .  The 

d e t a i l e d  d e s c r i p t i o n s  i n  C h a p t e r  2 o f  t h i s  t h e s i s  i n d i c a t e  

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

c o m p r i s e d  o f  a  n u m b e r  o f  c y c l o t h e m s  ( s e e ” P i g . 2 . 5 0 ) ,

E a c h  m e so th e m  commences  w i t h  a  s h o r t - l i v e d  an d  t r u n c a t e d  

r e g r e s s i v e  p h a s e .  P y r i t e ,  E u e s t h e r i a  s p . a n d  P l a n o l i t e s  

o p h t h a l m o i d e s  a r e  common i m m e d i a t e l y  ab o v e  e a c h  c o a l  seam 

s u g g e s t i n g  a  f a i r l y  r a p i d  q u a s i - m a r i n e  i n c u r s i o n ,  p r o b a b l y  

o v e r  a  l o w - l y i n g  d e l t a  p l a i n .  The s e q u e n c e  o f  e v e n t s  i s  

f r e q u e n t l y  i n t e r r u p t e d ,  i n d i c a t i n g  a  r e l a t i v e l y  u n s t a b l e  

e n v i r o n m e n t .  E m e rg e n c e  o f  t h e  d e l t a  p l a i n  t o  a  s i t u a t i o n  

w h e r e  a  v e g e t a t i o n  c o v e r  c o u l d  d e v e l o p  was i n v a r i a b l y  s h o r t 

l i v e d :  c o a l  s eam s  a r e  t h i n  an d  o f t e n  a b s e n t .  T h i s  s e q u e n c e  

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

l e v e l  o v e r  a  l o w e r  d e l t a  p l a i n  o f  lo w  r e l i e f .

T h e se  l o w e r  P l a i n  c y c l o t h e m s  o c c u r  i n  s m a l l  g r o u p s ,  e a c h  

g r o u p  o f  w h i c h  a l t e r n a t e s  r e g u l a r l y  w i t h  a  v e r y  t h i c k  

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

l i v e d  r e g r e s s i v e  p h a s e .  The t h i c k  a r e n a c e o u s  d e v e l o p m e n t  i s  

t e r m i n a t e d  by  a  t h i n  t r a n s g r e s s i v e  s e q u e n c e .  The b a s e  o f  t h e  

s a n d s t o n e  i s  f r e q u e n t l y  a  c o n g l o m e r a t e  b a n d :  f u r t h e r  t h i n  

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

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

F i g u r e  2 . 4 0 .
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The c o n g l o m e r a t e  b a n d s  and  t h e  i m m e d i a t e l y  o v e r l y i n g  s a n d s t o n e  

c o n t a i n  s t r e a k s  o f  c o a l  w h i c h  a p p e a r  t o  h a v e  b e e n  l a i d  down 

a s  v e g e t a t i o n :  many a r e  o o a l i f i e d  p l a n t s .  Also p r e s e n t  a r e  

r o u n d e d  f r a g m e n t s  o f  g r e y  c o a l  m e a s u r e  m u d s t o n e s  w h i c h  h av e  

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

t h e y  w e r e  t r a n s p o r t e d  and  d e p o s i t e d  a s  b a l l s  o f  mud. Bo th  

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

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

The c o n g l o m e r a t e  b a n d s  f r e q u e n t l y  c o n t a i n  s m a l l  c u b i c  c r y s t a l s

o f  p y r i t e  a s  w e l l  a s  c u b i c  f r a c t u r e  f r a g m e n t s  o f  c o a l .

Bo th  w e r e  c l e a r l y  t r a n s p o r t e d  l i t h i f i e d  and  m u s t  h a v e  b e e n  

t r a n s p o r t e d  o n l y  a  s h o r t  d i s t a n c e  : t h e  p y r i t e  w o u ld  s o o n  be 

o x i d i s e d  i n  t u r b u l e n t  f r e s h w a t e r  an d  t h e  c o a l  w o u ld  d i s i n t e g r a t e

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

h a v e  b e e n  c a r r y i n g  f r e s h  P l a n t  m a t e r i a l  a s  w e l l  a s  r e w o r k e d  

b a l l s  o f  mud. A ls o  b e i n g  c a r r i e d  by t h e  same d i s t r i b u t a r i e s  

and  s t r e a m s  a r e  f r a g m e n t s  o f  l o c a l l y  o b t a i n e d  l i t h i f i e d  c o a l  

m e a s u r e s .  K e l l i n g ,  ( 1 9 7 6 )  s u g g e s t e d  t h a t  t h e s e ' a r e  u p p e r  d e l t a  

P l a i n  s e d i m e n t s  ( s e e  P i g . 2 . 3 9 ) ,  some o f  w h i c h  a r e  c l e a r l y  

l o c a l l y  d e r i v e d .

T h e se  u p p e r  d e l t a  p l a i n  s e d i m e n t s  a l t e r n a t e d  r e g u l a r l y  w i t h  

t h e  l o w e r  d e l t a  P l a i n  a n d  q u a s i - m a r i n e  c y c l o t h e m s  w h i c h  

c o m p r i s e  t h e  ’ s l a c k '  w i t h i n  e a c h  m e so th e m .  T h i s  r e g u l a r  

a l t e r n a t i o n  m i g h t  be e x p l a i n e d  by a n  a d v a n c i n g  and  r e t r e a t i n g  

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

s e d i m e n t  s u p p l y  w i t h  t i m e  t h r o u g h o u t  t h e  U p p e r  C a r b o n i f e r o u s  , 

e a r l y  s u p p l y  b e i n g  f ro m  t h e  n o r t h  w i t h  n o r t h e r l y  a d v a n c i n g

2 4 3 .
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d e l t a  com plexes  f e d  f rom th e  s o u t h  d o m in a t in g  th e  mid to  

l a t e  M e s t p h a l i a n  d i v i s i o n s .  T h i s  a r e a  o f  s tu d y  would have 

l a i n  a t  t h e  n o r t h e r n  e x t r e m e ty  o f  t h e  n o r t h e r l y  ad v an c in g  

d e l t a  complexes  such  t h a t  t h e  s t r u c t u r e  o f  t h e  mesothem 

r e f l e c t s  an o s c i l l a t i n g  d e l t a  f r o n t  w h ic h ,  o v e r a l l ,  was 

p r o g r e s s i n g  n o r t h w a r d s .  The o s c i l l a t i o n s  m igh t  be a r e s u l t  

of a c o m b i n a t i o n  o f  e u s t a t i c  and c l i m a t i c  c h a n g e s .

These c o n d i t i o n s  p e r s i s t e d  t h r o u g h o u t  t h e  Upper A e s t p h a l i a n  

0 s u b - d i v i s i o n  i n  t h i s  a r e a .  The h i g h e s t  seam o c c u r r i n g  

w i t h i n  t h e  a r e a  o f  s tu d y  i s  t h e  Hughes V ein ,  which  marks t h e  

base o f  t h e  .T e s tp h a l i a n  U. The same c o n d i t i o n s  p r e v a i l  f o r  

the p a r t  o f  t h e  o v e r l y i n g  c y c lo th e m  w h ich  o u t c r o p s  w i t h i n  

t h i s  a r e a  o f  s t u d y .

Marine H o r izo n s

In a l l , 9 m a r in e  h o r i z o n s  have been  o b se rv e d  i n  th e  e x p l o r a t i o n  

programmes and m in ing  o p e r a t i o n s  w i t h i n  t h i s  a r e a .  Some o f  

the h o r i z o n s  have  y i e l d e d  m ar ine  f a u n a  w i t h i n  t h i s  a r e a ;  

o the rs  have y i e l d e d  m ar ine  f a u n a  a t  some l o c a l i t i e s  and q u a s i -  

marine f a u n a  e l s e w h e re  and o t h e r s  have y i e l d e d  on ly  q u a s i 

marine f a u n a  o n ly  w i t h i n  t h i s  a r e a  b u t  have  y i e l d e d  mar ine  

fauna e l s e w h e r e  i n  t h e  South  .Vales C o a l f i e l d .  The m ar in e  

hor izons  n o t e d  w i t h i n  t h i s  s t u d y  a r e ,  i n  s t r a t i g r a p h i e  o r d e r : -

9 .  Çambrie-nse (Upper  Gvrni Gors ) M.B.

8 .  Middle Cwm Gors M.B.

7. Lower Cwm Gors M.B.

6 .  F i v e  Roads M. B.

2 4 4
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5 .  F o r a m i n i f e r a  M.B.

4 ,  A eg i ranum  (O e fn  Coed)  M.B.

3 .  B r i t a n n i c  M.B.

2 .  H afod  H e u lo g  M.B.

1 ,  V a n d e r b e c k e i  M.B.

C a r e f u l  e x a m i n a t i o n  o f  m a r i n e  b a n d s  w h e r e  u n w e a t h e r e d  s a m p l e s  

a r e  a v a i l a b l e ,  s u c h  a s  f ro m  d e e p  b o r e h o l e s  and  u n d e r g r o u n d  a t  

c o l l i e r i e s  r e v e a l s  a t h i n  b a n d  o f  n o n - m a r i n e  s t r a t a  

i m m e d i a t e l y  a b o v e  t h e  c o a l  and  b e n e a t h  t h e  m a r i n e  s t r a t a .  

T h ese  b a n d s  may be o n l y  0 .03m t h i c k ,  b u t  s i n c e  f i r s t  b e i n g  

o b s e r v e d  t h e y  h a v e  b e e n  n o t e d  a t  a l l  e x p o s u r e s .  The m a r in e  

i n c u r s i o n s ,  t h e r e f o r e ,  w ere  a c h i e v e d  by means o f  a  g e n t l e  

r e l a t i v e  e u s t a t i c  r i s e  w h ic h  f i r s t  r e s u l t e d  i n  n a r a l i c  

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

F u r t h e r  r e l a t i v e  r i s e s  i n  s e a  l e v e l  r e s u l t e d  i n  f u l l y  m a r i n e  

c o n d i t i o n s  w i t h  t h e  d e p o s i t i o n  o f  t h e  m a r i n e  b ^ n d .

The s e d i m e n t a r y  s t r u c t u r e  o f  t h e  C o a l  M e a s u r e s  i s  a  t e s t i m o n y  

t o  a n  u n s t a b l e  d e n o s i t i o n a l  e n v i r o n m e n t .  T h i s  i n s t a b i l i t y  

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

i n  t h i s  a r e a .  The V a n d e r b e c k e i  and  A e g i r a n u m  M a r in e  Bands  

b o t h  d i s p l a y  more t h a n  one b a n d  o f  m a r i n e  s t r a t a  w i t h  

i n t e r v e n i n g  n o n - m a r i n e  s t r a t a .  The s t r u c t u r e  o f  t h e  

F o r a m i n i f e r a  and  F i v e  Roads  M a r in e  Bands h a s  b e e n  d i s c u s s e d  

i n  d e t a i l  i n  C h a p t e r  2 and i s  i l l u s t r a t e d  i n  F impure 2 .  d p .  I n  

a l l  t h e  ab o v e  i n s t a n c e s  more  t h a n  one m a r i n e  i n c u r s i o n  i s

p r e s e n t  w i t h i n  a s i n g l e  c y c l o t h e m :  t h e  g r e a t e s t  num ber  b e i n g

5 in  t h e  A e g i r a n u m  M a r in e  B an d . I t  i s  a p p a r e n t  t h a t  when 

m a r in e  c o n d i t i o n s  p r e v a i l e d  t h e  a r e a ' w a s  m a r g i n a l  t o  t h e

4 5
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m a r i n e  e n v i r o n m e n t  and  e a c h  m.ar ine  e v e n t  m a n i f e s t e d  

i t s e l f  a s  a  s e r i e s  o f  m a r i n e  i n c u r s i o n s  and  r e g r e s s i o n s .

The f a u n a l  c o n t e n t  o f  e a c h  m a r i n e  h o r i z o n  a s  f o u n d  i n  t h e  

b o r e h o l e s  and c o l l i e r i e s  e x a m in e d  w i t h i n  t h e  s c o n e  o f  t h i s  

s t u d y  i s  i l l u s t r a t e d  on t h e  s e r i e s  o f  p l a n s  c o m p r i s i n g  

F i g j r e s  6 . 3  t o  6 . 1 1 .  T h e s e  f i g u r e s  i l l u s t r a t e  t h e  e x t e n t  

o f  t h e  m a r i n e  i n c u r s i o n s  u s i n g  G a l v e r b  (19 63)  c r i t e r i a  f o r  

d e t e r m i n i n g  m a r i n e  o r  q u a s i - m a r i n e  e n v i r o n m e n t s  u s i n g  

f a u n a l  a s s e m b l a g e s  and  t h e  p r e s e n c e  o f  p y r i t e .

The i n f o r m a t i o n  c o n v e y e d  bv t h e s e  P l a n s  i s  u n f o r t u n a t e l y  

l i m i t e d  by t h r e e  p a r a m e t e r s :  some o f  t h e  l o c a t i o n s  a r e  o u t 

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

some o f  t h e  m a r in e  h o r i z o n s  w e r e  p a s s e d  t h r o u g h  d u r i n g  o p e n -  

h o l e  P h a s e s  o f  d r i l l i n g  p ro g ram m es  ; some o f  t h e  o l d e r  b o r e 

h o l e s  h av e  no f o s s i l  r e c o r d .

The H afod  H e u lo g  and  B r i t a n n i c  M a r in e  Bands d i s p l a y  o u a s i -  

m a r in e  c o n d i t i o n s  a c r o s s  t h i s  a r e a  i n d i c a t i n g  t h a t  t h i s  

a r e a  was m a r g i n a l  t o  t h e  s e a s  w h i c h  e x i s t e d  e l s e w h e r e  

i n  t h i s  s e d i m e n t a r y  b a s i n .  The F o r a m i n i f e r a ,  t h e  F iv e  R o a d s ,  

t h e  Lower,  M id d le  and r a r e r  Cwm G ors  ^ - a r i n e  Bands a l l  

y i e l d e d  m a r i n e  f a u n a  f ro m  some l o c a l i t i e s  w i t h i n  t h i s  a r e a  

and e u a s i - m a r i n e  s t r a t a  f ro m  o t h e r s .  The e x p o s u r e s  o f  t h e s e  

m a r in e  b a n d s  i n d i c a t e  t h e  n o r t h w a r d  e x t e n t  o f  m a r i n e  c o n d i t i o n s  

i n  e a c h  i n s t a n c e  and  a l l  d e m o n s t r a t e  t h a t  t h i s  a r e a  was 

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

Only t h e  V a n d e r b e c k e i  (Amman) an d  A eg i r a n u m  (O efn  Coed)  M a r in e  

Bands y i e l d e d  m a r i n e  f a u n a  o v e r  t h e  w h o le  o f  t h i s  a r e a ;
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c l e a r l y  i n d i c a t i n g  a  more  e x t e n s i v e  m a r i n e  i n c u r s i o n  w h i c h  

p r o g r e s s e d  f u r t h e r  n o r t h w a r d s .  The V a n d e r b e c k e i  (Amman)

M a r in e  Band i s  g e n e r a l l y  t h i n  i n  t h i s  a r e a  u s u a l l y  b e i n g  

l e s s  t h a n  0 .4m  t h i c k .  Only i n  T r e f o r g a n  B o r e h o l e  B o . 4 a r e  

t h e  m a r in e  s t r a t a  Im t h i c k  i n d i c a t i n g  t h a t  t h e  m a r i n e  

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

t h i s  a r e a .  T h i s  s u g g e s t s  t h a t  t h e  c o n t e m p o r a n e o u s  m a r g i n  o f  

m a r in e  a c t i v i t y  and n r o b a b l y  t h e  c o n t e r a p e r a n e o u s  c o a s t l i n e  

l a y  t o  t h e  n o r t h - w e s t  r a t h e r  t h a n  t o  t h e  n o r t h .

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  f u r t h e r  t o  t h e  s o u t h - e a s t  a t  

Aberuergwm C o l l i e r y  t h e  V a n d e r b e c k e i  (Amman) M a r in e  Band 

i s  o n l y  j u s t  o v e r  0 .10m t h i c k  i n d i c a t i n g  a  s h o r t e r  l i v e d  

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

e a r l i e r  s e c t i o n  t h a t  t h e  a r e a  a r o u n d  t h e  V a le  o f  H e a t h  was  

a n o s i t i v e  one  d u r i n g  t h e  Tinner C a r b o n i f e r o u s :  t h i s  

s u g g e s t i o n  was  made on t h e  e v i d e n c e  o f  seam s n l i t t i n g .  The 

n a t u r e  o f  t h e  V a n d e r b e c k e i  (Amman) M a r in e  Band e n d o r s e s  

t h i s  s u g g e s t i o n :  i t ’ s t h i n  d e v e l o p m e n t  a t  Abercergwm C o l l i e r y  

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

t h e  m a r in e  i n c u r s i o n .

The A eg i ranum  ( C e fn  Coed)  M ar in e  Band d i s p l a y s  a n a t t e r n  

w h ic h  i s  b r o a d l y  s i m i l a r  t o  t h a t  o b s e r v e d  w i t h  t h e  

V a n d e r b e c k e i  (Amman) M a r in e  Band.  The s e d i m e n t a r y  B a s i n  was 

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

a t  l e a s t  5 s e p a r a t e  m a r i n e  i n c u r s i o n s  t o o k  P la c e .  A g a i n  t h e  

maximum e x t e n t  o f  m a r i n e  a c t i v i t y  was i n  t h e  s o u t h - e a s t  

w h e re  t h e  5 s e p a r a t e  m a r i n e  i n c u r s i o n s  a r e  r e c o r d e d  i n  

T r e f o r g a n  B o r e h o l e  H o . 4 .  P r o g r e s s i v e l y  l e s s  m a r i n e  i n c u r s i o n :
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advanced i n  a n o r t h - w e s t e r l y  d i r e c t i o n ,  a g a i n  s u g g e s t i n g  

t h a t  the  contemporaneous  s h o r e l i n e  l a y  i n  t h i s  d i r e c t i o n .  

U n f o r t u n a t e l y  m in ing  i n  th e  a r e a  o f  Abernergwm C o l l i e r y  was 

such t h a t  no good r e c o r d s  o f  t h e  Aegiranum Marine Band e x i s t  

i n  t h a t  a r e a  so t h a t  t h e  q u e s t i o n  o f  th e  a r e a  being a p o s i t i v e  

one c.annot be t e s t e d .

In  s e v e r a l  a s p e c t s  t h e  marine  and q u a s i - m a r i n e  bands endorse  

the  o b s e r v a t i o n s  based uPon t h e  i d e a l  cy c lo th e m s :  th e  a r e a  

was m a r in e / lo w e r  d e l t a  P l a i n  f o r  th e  U e s n h a l i a n  A, Lower 

■'/esphalian B and Upper W e s tp h a l ia n  B/Lower W e s tp h a l i a n  C 

s u b - d i v i s i o n s ;  t h e  b a s i n  o f  d e p o s i t i o n  was u n s t a b l e ;  t h e r e  

was a s i g n i f i c a n t  change i n  t h e  d e p o s i t i o n a l  env i ronm en t  

midway th ro u g h  t h e  W e s tp h a l i a n  C.

The Cambriense (Upper Cwm Uors) Marine Band i s  t h e  l a s t  

mar ine i n c u r s i o n  n o t  o n ly  w i t h i n  t h i s  a r e a ,  b u t  a c r o s s  th e  

South Wales C o a l f i e l d .  In  t h i s  a r e a  some 550m o f  s t r a t a  

have been s t u d i e d  below th e  Cambriense (Upper Cwm Cors)  Marine 

Band and 9 m ar ine  h o r i z o n s  have been r e c o g n i s e d  i n  t h i s  p a r t  

of  th e  se n u en ce .  D ur ing  th e  s tu d y  650m o f 'm e a s u r e s  above the  

.marine  band have been examined and no m ar ine  bands have been 

r e c o g n i s e d :  c l e a r l y  a  marked change I n  th e  d e p o s i t i o n a l  

env i ronm en t  e x i s t i n g  i n  t h e  Upper C a r b o n i f e ro u s  d iv i s io n .

Summary o f  S t r a t i g r a p h i e  A p p r a i s a l

A s tu d y  o f  th e  d e t a i l e d  s t r a t i g r a p h i e  columns c o l l a t e d  f o r

t h i s  a r e a ,  t h e  i d e a l  cyc lo them s  based  uPon them and th e

d e t a i l s  o f  t h e  marine  bands p ro v id e s ,  f o r  t h e  f i r s t  t i m e ,

u s e f u l  and e x t e n s i v e  i n f o r m a t i o n  a b o u t  t h e  Upper C a r b o n i f e ro u s  

p a l a e o - e n v i ro n m e n t  i n  t h i s  a r e a .
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S e d i m e n t a t i o n  d u r i n g  t h e  . V e s t n h a l i a n  A t o o k  P l a c e  on  a  

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

The d e p o s i t i o n a l  e n v i r o n m e n t  was f a i r l y  u n s t a b l e  w i t h  t h e  

d e l t a  P l a i n  e m e r g i n g  t o  a  l e v e l  w h e re  v e g e t a t i o n  c o u l d  

a c c u m u l a t e  f o r  o n l y  s h o r t  p e r i o d s  o f  t i m e .  T h i s  was f o l l o w e d  

by a  r a p i d  r i s e  i n  r e l a t i v e  s e a - l e v e l  o v e r  a  d e l t a  P l a i n  o f  

low r e l i e f .  The l o w e r  d e l t a "  P l a i n  t h e n  s l o w l y  e m e r g e d ,  

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

d e v e l o p e d  t o  g e n e r a t e  t h e , n e x t  l a y e r .  The g e n e r a l  e n v i r o n m e n t  

was  b r a c k i s h  r a t h e r  t h a n  m a r i n e .

T h i s  a r e a  became s l i g h t l y  more d i s t a n t  f r o m  t h e  c o n t e m p o r a n e o u s  

s h o r e l i n e  d u r i n g  t h e  s u b s e q u e n t  Lower . V e s t p h a l i a n  B and  

U pper  w ' e s t P h a l i a n  B/Lower ^ e s t p h a l i a n  0 t i m e s .  D u r i n g  t h e  

Lower t e s t p h a l i a n  B t h i s  a r e a  sa'w t h e  g r a d u a l  e n c r o a c h m e n t  

o f  m a r in e  c o n d i t i o n s  and t h i s  .a rea  was  p r o b a b l y  s i t u a t e d  

s l i g h t l y  l o w e r  on  t h e  d e l t a  c o m p le x  t h a n  i n  t h e  i m m e d i a t e l y  

p r o c e e d i n g  p e r i o d .  I t  was  d u r i n g  t h e  Lower . V e s t p h a l i a n  B 

t h a t  t h e  d e p o s i t i o n a l  e n v i r o n m e n t  was a t  i t ’ s m o s t  s t a b l e  

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

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

s i m i l a r  t o  t h a t  f o r  t h e  V e s t p h a l i a n  A.

Mid-way t h r o u g h  t h e  Lower V e s t p h a l i a n  B t h e  b a s i n  o f  

d e p o s i t i o n  a g a i n  became more u n s t a b l e  w i t h  more r a n i d  

f l u c t u a t i o n s  i n  s e a - l e v e l .  T h e r e  w e r e  s e v e r a l  m a r in e  

i n c u r s i o n s ,  some o f  w h ic h  a d v a n c e d  o n l y  t o  t h e  s o u t h  o f  t h i s  

a r e a ,  some o f  w h ic h  m a r t i a l l y  a d v a n c e d  a c r o s s  t h i s  a r e a  -^nd 

o t h e r s  w h i c h  a d v a n c e -  o n l y  t o  t h e  s o u t h  o f  t h i s  a r e a  

r e s u l t i n g  i n  o u a s i - m a r i n e  d e p o s i t s  i n  t h i s  . a r e a . The
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i n s t a b i l i t y  w h i c h  n r e v a i l e d  t h r o u g h o u t  t h e  U n p e r  //’e s t p h a l i a n  

B /L o w e r  / V e s t p h a l i a n  G i s  w e l l  d e m o n s t r a t e d  by t h e  m a r i n e  

i n c u r s i o n s  w h i c h  s o m e t i m e s  n r o v e  t o  be  m u l t i n l e  wlien e x a m i n e d  

i n  d e t a i l .  The d e l t a  c o m n l e x  em e rg e d  f o r  o n l y  b r i e f  p e r i o d s  

t o  a l l o w  t h e  d e v e l o p m e n t  o f  a  v e g e t a t i o n  c o v e r  a n d  t h e  

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

r e f l e c t e d  i n  t h e  r a n i d  c h a n g e s  now o b s e r v e d  i n  c y c l o t h e m s  

a n d  t h e  s t r u c t u r e  o f  c o a l  s e a m s .

M id-w ay  t h r o u g h  t h e  V / e s t n h a l i a n  G t h e r e  was  a  d r a s t i c  c h a n g e  

i n  t h e  s e d i m e n t a r y  e n v i r o n m e n t .  K e l l i n g  ( 1 9 7 6 )  s u g g e s t e d  a 

d r a s t i c  c h a n g e  i n  e n v i r o n m e n t  an d  s e d i m e n t  s o u r c e  w i t h  t h e  

n o r t h w a r d  d e v e l o p m e n t  o f  d e l t a  c o m p l e x e s  f e d  f r o m  t h e  s o u t h .  

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

w a r d  a d v a n c i n g  d e l t a  c o m p l e x e s .  The d e l t a  f r o n t  a p p e a r s  

t o  h a v e  o s c i l l a t e d  f a i r l y  r e g u l a r l y  so  t h a t  l o w e r  d e l t a /  

q u a s i - m a r i n e  s e d i m e n t s  a r e  i n t e r c a l a t e d  w i t h  u p p e r  d e l t a  

P l a i n  s e d i m e n t s .  The b a s i c ,  r e p e a t e d  s e d i m e n t a r y  u n i t  

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

r e t r e a t  t o  a l l o w  a  l o w e r  d e l t a  p l a i n  o u a s i - m a r i n e  e n v i r o n m e n t ;  

a n d  s u b s e q u e n t  d e l t a  a d v a n c e .  T h i s  s u g g e s t e d  s e d i m e n t a r y  u n i t  

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

a n d  i s  r e g u l a r l y  r e p e a t e d .  T h e r e  w e r e  no f u r t h e r  m a r i n e  
i n c u r s i o n s .

T h e se  c o n d i t i o n s  p e r s i s t e d  u n t i l  t h e  d e p o s i t i o n  o f  t h e  

h i g h e s t  b e d s  now o u t c r o p i n g  i n  t h i s  a r e a  w h i c h  a r e  a t  t h e  

b a s e  o f  t h e  . V e s t p h a l i a n  D.

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

t h e  m a r i n e  b a n d s  s u g g e s t s  t h a t  t h e  c o n t e m p o r a n e o u s  s h o r e l i n e
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l a y  t o  t h e  n o r t h - w e s t .  The a r e a  n e a r  t h e  Vale  o f  ^ e a t h  

D i s t u r b a n c e  was a  n o s i t i v e  a r e a  u n t i l  a t  l e a s t  t h e  Lower 

U e s t n h a l i a n  C, No e v i d e n c e  h a s  b e e n  o b s e r v e d  i n  t h i s  s t u d y  

t o  s u n p o r t  o r  r e j e c t  t h e  c o n t i n u a t i o n  o f  t h i s  n o s i t i v e  a r e a  

t h r o u g h o u t  t h e  U u n e r  w e s t r h a l i a n  C a n d  7 / e s t n h a l i a n  D.

6 , 4  S t r u c t u r a l  S e t t i n g

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

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

C h a n t e r s  3 ,  4 a n d  5 h e r e i n .  Of t h e  many f a u l t s  o b s e r v e d  l7/vo 

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

-  E . N . S . )  and f a u l t s  h a v i n g  a n  A r m o r i c a n  t r e n d  

(N.N.,7 .  -  3 . 3 . S .  and N .N .E .  -  3 . 3 . t , j .  The n r e s e n c e  o f  b o t h  

t r e n d s  w i t h i n  t h i s  a r e a  i s  a  m a t t e r  w h i c h  d e s e r v e s  d i s c u s s i o n .

The t y n e s  o f  f a u l t  n r e s e n t  a r e  v a r i e d  an d  t h e  d i f f e r e n t  t y n e s  

h av e  t o  be co m n a re d  and  i n t e g r a t e d  i n t o  a  s t r u c t u r a l  s y n t h e s i s  

o f  t h e  a r e a .  B o th  c o m n r e s s i o n a l  an d  t e n s i o n a l  f a u l t s  a r e  

n r e s e n t  and  t h e r e  h a s  b e e n  much d i s c u s s i o n ,  some p u b l i s h e d  

b u t  m o s t l y  u n p u b l i s h e d ,  a s  t o  w h i c h  cam% f i r s t ,  t h e  o v e r t h r u s t s  

o r  t h e  n o r m a l  f a u l t s . A g a i n ,  t h i s  q u e s t i o n  n e e d s  t o  be 

r e s o l v e d  i n  o r d e r  t o  c o n s t r u c t  a c o m p r e h e n s i v e  s t r u c t u r a l  

s y n t h e s i s .

D u r i n g  t h e  Tinner C a r b o n i f e r o u s  t h e  S o u t h  '.Vales C o a l f i e l d ,  

a l o n g  w i t h  much o f  N o r t h e r n  Enrrn^e was  a n  i n t e g r a l  ^^art o f  a  

c r u s t a l  P l a t e  (CV/en 1 9 9 4 ) .  To t h e  s o u t h  t h e r e  was  s e a - f l o o r  

s p r e a d i n g  w i t h  s u b s e q u e n t  c l o s i n g  s u b d u c t i o n ;  t o  t h e  n o r t h  

l a y  t h e  Lower D a l a e o z o i c  l a n d - m a s s  g e n e r a l l y  r e f e r r e d  t o  a s  

S t .  G e o r g e ' s  Land ( s e e  P i g . 2 . 4 ) .
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The T T i n c i n l e  e f f e c t  o f  t h e  A r m o r i c a n  O rogeny  on  t h e  I Jnper  

P a l a e o z o i c  s t r a t a  o f  t h e  S o u t h  '.Yales C o a l f i e l d  was a  n o r t h 

w a r d  d i r e c t e d  c o n n r e s s i o n  a g a i n s t  t h e  r e s i s t a n t  I . I i d - f a l e s  

l a n d m a s s  ( ' .Vindley 1 9 7 7 ; .  The n o r t h e r l y  a d v a n c e  o f  t h i s  

n o r t h w a r d  d i r e c t e d  d e f o r m a t i o n  l a y  t o  t h e  s o u t h  o f  t h e  

S o u t h  .Vales C o a l f i e l d .  Though t h e r e  i s  some d e b a t e  a s  t o  

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

( t h e  V<ariscan  F r o n t )  i t  seem s g e n e r a l l y  a c c e n t e d  t h a t  i t  i s  

t o  be f o u n d  t r e n d i n g  i n  a  3 . 3 . E .  d i r e c t i o n  t h r o u g h  

P e m b r o k e s h i r e  (now F y f e d )  and  t o  t h e  s o u t h  o f  t h e  m a in  c o a l 

f i e l d  ( T r i n g h a m  1 9 3 0 ,  Dunne 1 9 8 3 ) .

S o u t h  o f  t h e  V a r i s c a n  F r o n t  t h e  d e f o r m a t i o n  i s  o f  a  much 

h i g h e r  d e g r e e  t h a n  i s  s e e n  i n  t h e  S o u t h  V a le s  C o a l f i e l d .  

O v e r t h r u s t i n g  i s  common i n  t h e  C o a l f i e l d  and  many e x a m p l e s  

h av e  b e e n  r e f e r r e d  to  i n  t h i s  w o r k .  The e x t e n t  o f  t h e  

l i s n l a c e m e n t  o f  t h e s e  o v e r t h r u s t s  c a n  g e n e r a l l y  be m e a s u re d  

i n  t e n s  o f  m e t r e s  and o n l y  r a r e l y  i n  h u n d r e d s  o f  m e t r e s .

T h i s  c o n t r a s t s  s t r o n m l v  w i t h  t h e  t h r u s t  and narme 

d e v e l o n m e n t s  s o u t h  o f  t h e  B r i s t o l  C h a n n e l  w h e re  t h e  

d i s n l a c e m e n t  a l o n g  n o r t h w a r d  d i r e c t e d  s t r u c t u r e s  c a n  be 

m e a s u re d  i n  t e n s  o f  k i l o m e t r e s  ( S e l l w o o d  and  Thomas 1 9 8 c ) .

T h i s  s t r u c t u r a l  d i s n o s i t i o n  c l e a r l y  s u g g e s t s  a  n o r t h u a r d  

d i r e c t e d  d e f o r m a t i o n  b e i n g  g e n e r a t e d  by e r o g e n i c  a c t i v i t y  

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

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

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

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

c o n f i r m  t h e  n o r t h w a r d  d i r e c t e d  c o m p r e s s i o n .
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A s i m i l a r  n a t t e r n  o f  o r o g e n i c  d e f o r m a t i o n  i s  t o  be  o b s e r v e d  

i n  t h e  Tinner P a l a e o z o i c  r o c k s  o f  S o u t h e r n  I r e l a n d .  Here 

n r e - e x i s t i n g  C a l e d o n i a n  s t r u c t u r e s  became o b l i t e r a t e d  by 

t h e  n o r t h w a r d  a d v a n c i n g  V a r i s c a n  f e r o n t ,  a s  i t s  i n f l u e n c e  

d i m i n i s h e d  t h e  m o d i f i e d  C a l e d o n i a n  s t r u c t u r e s  r e m a i n  t o  be 

o b s e r v e d  i n  a r e a s  f u r t h e r  t o  t h e  n o r t h ,  t h e  V a r i s c a n  D i s t u r b a n c e  

h a v i n g  f a i l e d  t o  o b l i t e r a t e  th e m  (G o o n e r  e t  a l . 1 9 8 6 ) .

The S o u t h  V/ales  C o a l f i e l d  a n d  t h e  a r e a  s t u d i e d  w i t h i n  t h i s  

work l a y  t o  t h e  n o r t h  o f  t h e  V a r i s c a n  f r o n t  an d  t h e  h i g h e r  

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

t h e s e  n o r th w .a rd  d i r e c t e d  - p r e s s u r e s  and a  r e s i s t a n t  b l o c k  

l y i n g  t o  t h e  n o r t h .

One e f f e c t  o f  t h i s  s e t t i n g  was  t h e  g e n e r a t i o n  o f  c o m n r e s s i o n a l  

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

r e s i s t a n t  m a s s i f ,  i . e .  a  C a l e d o n o i d  t r e n d .  Amongst  

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

Gwm Dwrch,  Ammanford and  C a r r e g  G ennen c o m p r e s s i o n  b e l t s ,  

a l l  s t r u c t u r e s  o f  A r m o r i c a n  ag e  h a v i n g  a  C a l e d o n o i d  t r e n d  

( T r o t t e r  1 9 4 7 ) .

The n r i n c i n a l  movem ents  c o u l d  n o t  be  o f  a n  age  w h i c h  i s  

y o u n g e r  t h a n  A r m o r i c a n .  At t h e  s o u t h e r n  and  s o u t h - e a s t e r n  

m a r g in s  o f  t h e  S o u t h  W ales  C o a l f i e l d  T r i a s s i c  and  L i a s s i c  

s t r a t a  o v e r s t e p  t h e  C o a l  M e a s u r e s .  I n  t h e  m a in  t h e  

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

y o u n g e r  m e a s u r e s  i n d i c a t i n g  t h a t  t h e y  a r e  p r e - T r i a s s i c  i n  

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

t o  be f o u n d  i n  t h e s e  y o u n g e r  r o c k s  s u g g e s t i n g  t h a t  some

2 5 3 .
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p o s t - L i a s s i c  r e - a c t i v a t i o n  t o o k  p l a c e  a l o n g  them (A nderson  

1 9 5 1 ; .  Where t h e  c r o s s - f a u l t s  a r e  o b s e r v e d  i n  t h e  T r i a s s i c  

and L i a s s i c  m e a s u re s  t h e  d i s p l a c e m e n t  i s  much s m a l l e r  t h a n  

th e  d i s p l a c e m e n t  o b s e r v e d  i n  t h e  Coa l  M e a s u r e s .  A l th o u g h  

t h e  p o s t - L i a s s i c  movement m us t  t h e r e f o r e  have  b e e n  

r e l a t i v e l y  s m a l l  i t  seems r e a s o n a b l e  t o  c o n c lu d e  t h a t  t h e  

d i s p l a c e m e n t  o f  many o f  t h e  c r o s s - f a u l t s  s e e n  on t h e  c o a l f i e l d  

was i n c r e a s e d  by t h i s  l a t e r  r e - a c t i v a t i o n .

6.5 S t r u c t u r a l  E v o l u t i o n

i.S. l  The Vale o f  N e a th  and Tawe V a l l e y  D i s t u r b a n c e s

S e v e r a l  i m p o r t a n t  d i s t u r b a n c e s  i n  t h e  S o u t h  Wales  C o a l f i e l d  

have  a c a l e d o n o i d  t r e n d  ( S .H .E .  -  W. S . W. ) ,  i n c l u d i n g  t h e  

c o m p r e s s i o n  b e l t s  m e n t io n e d  i n  t h e  p r e v i o u s  s e c t i o n .  D e s p i t e  

t h e i r  t r e n d  t h e y  a r e  c o n s i d e r e d  to  be o f  A rm o r ican  a g e ,  t h e i r  

t r e n d  r e f l e c t i n g  t h e  g r a i n  and s t r u c t u r a l  t r e n d  o f  th e  

r e s i s t a n t  f o r e l a n d  a g a i n s t  w h ic h  t h e  Upper  P a l a e o z o i c  

s e d im e n t s  were  b e i n g  d r i v e n ;  t h e  t r e n d  i s  t h o u g h t  n o t  t o  

r e f l e c t  b u r i e d  C a l e d o n i a n  s t r u c t u r e s  ( T r o t t e r  1 9 4 7 ) .

A number o f  p a p e r s  have  d i s c u s s e d  t h e  n a t u r e  o f  b o t h  t h e  

Tawe V a l l e y  and Vale o f  U e a th  D i s t u r b a n c e s  and t h e  g e n e r a l  

c o n c l u s i o n  i s  t h a t  t h e  s t r u c t u r e s  hav e  p r o b a b l y  fo rm ed o v e r  

b asem en t  C a l e d o n i a n  s t r u c t u r e s .

Owen (1 9 5 3 ; d i s c u s s e d  t h e  Vale o f  H e a th  D i s t u r b a n c e  and 

n o t e d  i t s  t r e n d  and p r o b a b l e  e x t e n s i o n  a s  an  e n t i t y  beyond 

th e  S o u th  .Vales C o a l f i e l d  i n t o  t h e  w e lsh  B o r d e r l a n d s .

J . D .  weaver  (1974 and 1 9 7 5 J made s i n i l a r  o b s e r v a t i o n s  r e l a t i n g
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t o  t h e  Tawe V a l l e y  D i s t u r b a n c e ,  a s  d i d  R o b e r t s  ( 1 9 8 1 ) .

A r g u i n g  a l o n g  s i m i l a r  l i n e s  B a l l  and  D i n e l e y  (1 9 5 1 )  d e s c r i b e d  

r e - e m n h a s i s e d  f o l d s  a r o u n d  T i t t e r s t o n e  G lee  H i l l ,  f o l d s  

a s s o c i a t e d  w i t h  t h e  e x t e n s i o n  o f  t h e  Tawe V a l l e y  D i s t u r b a n c e .  

The f o l d s  h a d  b e e n  r e - e m p h a s i s e d  by t h e  A r m o r i c a n  m ovements  

c l e a r l y  i m p l y i n g  p r e - e x i s t i n g  s t r u c t u r e s .  B a l l  and  D i n e l e y  

s u g g e s t e d  P r e - C a l e d o n i a n  s t m a c t u r e s  a t  d e p t h  w h i c h  w e re  

i n f l u e n c i n g  t h e  A r m o r i c a n  d e f o r m a t i o n .  I n  a  more r e c e n t  

d i s c u s s i o n  ' .V i l l iam s  and  Chapman ( 1 9 8 6 )  s u g g e s t e d  t h a t  b o t h  

t h e  Vale  o f  H e a t h  and Tawe V a l l e y  D i s t u r b a n c e s  w e re  r e l a t e d  

t o  m a j o r  C a l e d o n i a n  l i n e a m e n t s .  T h e r e  i s  t h e r e f o r e  an  

a g r e e m e n t  t h a t  b o t h  d i s t u r b a n c e s  h a v e  a  nu m b er  o f  f e a t u r e s  

i n  common a n d  t h e  s u g g e s t i o n  i s  t h a t  b o t h  h a v e  p r o b a b l y  

r e s u l t e d  f r o m  A rm o r i c a n  P r e s s u r e s  r e - a c t i v a t i n g  b a s e m e n t  

C a l e d o n i a n  s t r u c t u r e s .

B o th  d i s t u r b a n c e s  h a v e  b e e n  d e s c r i b e d  a s  s i n i s t r a l  w r e n c h  

f a u l t s  w i t h  a  v a r i a b l e  n e t  v e r t i c a l  d o w n th ro w  t o w a r d s  t h e  

s o u t h .  De B i t t e r  (1 9 o 4 )  a r g u e d  t h a t  i n  g e n e r a l  w r e n c h  

f a u l t s  a r e  d e e p - s e a t e d  b a s e m e n t  s t r ' u c t u r e s ;  a n  a r g u e  m ent  

w h i c h  w o u ld  s u p p o r t  Owen and  w e a v e r  i n  t h e i r  c o n c l u s i o n s  

r e g a r d i n g  t h e s e  two s t r u c t u r e s .  I f  t h e s e  a s s u m p t i o n s  ,are 

c o r r e c t  t h e n  i t  seems l i k e l y  t h a t  t h e y  h a v e  f o r m e d  above  

a  d e e p - s e a t e d  f a u l t .  B r i c e  (19 66) s u g g e s t e d  t h a t  w r e n c h  

f a u l t s  s u c h  a s  t h e s e  i n  y o u n g e r  s e d i m e n t s  a r e  more l i k e l y  t o  

r e f l e c t  a  b a s e m e n t  f a u l t  r a t h e r  t h a n  a  b a s e m e n t  f o l d .
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C e r t a i n l y  movement a l o n g  t h e s e  two d i s t u r b a n c e s  h a s  o c c u r r e d  

o v e r  a l o n g  P e r io d .  Oven (1953)  s u g g e s t e d  t h a t  movement 

was t a k i n g  P la c e  a l o n g  t h e  Vale  o f  H e a th  D is tu r b a n c e  d u r i n g  

D i n a n t i a n  and Ham urian  t i m e s .  C e r t a i n l y  t h i s  work 

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

th e  d e p o s i t i o n  o f  t h e  .V e s t p h a l i a n  m ea su res .  S e v e r a l  c o a l  

seams h a v e  a  t h i c k  s e c t i o n  i n  t h e  r e g i o n  o f  t h e  Vale  o f  

H e a t h  D i s t u r b a n c e  and s p l i t  i n t o  a  number o f  t h i n n e r  seams 

t o w a r d s  t h e  w e s t  and n o r t h - w e s t .  "^arry (10 66;  c o n c l u d e d  t h a t  

s u c h  a seam s ^ U i t t i n g  t a k e s  P la c e  f rom  a  ^ o s i t i v e  a r e a  t o 

w a r d s  an  a r e a  where  t h e  se d im e n ta r y  b a s in  was s u b s i d i n g :  

t h e  same p r i n c i p l e s  have  b e e n  d e s c r i b e d  r e c e n t l y  by F i e l d i n g  

( 1 9 2 4 ; .  T h u s ,  t h e  a r e a  a r o u n d  t h e  Vale  o f  H ea th  D i s t u r b a n c e  

was a p o s i t i v e  a r e a  when t h e  Seven  F e e t  Seam ( u p p e rm o s t  

Lower Coa l  M e a s u r e s j was b e i n g  d e p o s i t e d  and movement a lon g  

t h e  Vale  o f  H e a th  D i s t u r b a n c e  r e s u l t e d  i n  t h i s  a r e a  r e m a i n i n g  

a  P o s i t i v e  one w ith  c o n t i n u e d  d i f f e r e n t i a l  s u b s i d e n c e  t o 

w a rd s  t h e  w e s t  and n o r th -w e s t  a t  l e a s t  u n t i l  t h e  d e p o s i t i o n  

o f  t h e  F o u r  F e e t  Seam i n  t h e  M id d le  C o a l  M e a s u r e s .

T h i s  f i r s t  a c c o u n t  o f  t h e  d e t a i l s  o f  t h e  m a r in e  b an d s  i n  t h i s  

F o r t h  Crop a r e a  d e s c r i b e d  i n  S e c t i o n  6 . 3  o f  t h i s  t h e s i s  

i n d i c a t e s  t h a t  t h e  a r e a  a ro u n d  t h e  Vale  o f  H e a th  D i s t u r b a n c e  

was s t i l l  an  e m e r g e n t  a r e a  u n t i l  a t  l e a s t  t h e  Aegiranum  

(C efn  Coed;  m a r in e  i n c u r s i o n s .  T hus ,  i t  i s  h e r e  c o n c l u d e d  

t h a t  t h e r e  was  r e l a t i v e  u p l i f t  a l o n g  t h e  Vale  o f  H e a th  

D i s t u r b a n c e  f o r  a s i g n i f i c a n t  p a r t  o f  t h e  .V e s t p h a l i a n  p e r i o d .
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Though n o t  s t u d i e d  t o  t h e  same d e g r e e  w i t h i n  t h i s  w o r k ,  i t  

i s  i n t e r e s t i n g  t o  n o t e  t h a t  a t  l e a s t  some c o a l  seams d i sp la y -  

s i m i l a r  f e a t u r e s  a r o u n d  t h e  Tawe V a l l e y  D i s t u r b a n c e .  The 

U nner  P i n c h i n  Seam h a s  a  two c o a l  s e c t i o n  ( s e e  F i g . 2 . 3 7 )  

i n  P l a c e s .  The seam h a s  r e c e n t l y  b e e n  e x p l o i t e d  by a  

number  o f  p r i v a t e  c o l l i e r i e s  i n  t h e  im m e d ia te  v i c i n i t y  o f  

t h e  Tawe V a l l e y  D is - tu rb a n c e  w h e re  t h e  i n t r a - s e a m  band  o f  

c a r b o n a c e o u s  m uds tone  i s  a t  i t ’ s t h i n n e s t  and w h ere  t h e  ti/vo 

l e a v e s  o f  c o a l  u n i t e  t o  fo rm  a t h i c k e r  seam .  The band o f  

c a r b o n a c e o u s  m u d s to n e  t h i c k e n s  away f ro m  t h e  Tawe V a l l e y  

D i s t u r b a n c e  and a g a i n  i t  i s  s u g g e s t e d  h e r e  t h a t  u p l i f t  

a l o n g  t h i s  d i s t u r b a n c e  o c c u r r e d  d u r i n g  V e s t p h a l i a n  

s e d i m e n t a t i o n  i n  a  manner  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  t h e  

Vale o f  H e a th  D i s t u r b a n c e .

Both d i s t u r b a n c e s  have  a l a r g e  n e t  downthrow t o w a r d s  t h e  

s o u t h  i n d i c a t i n g  f u r t h e r  movement  d u r i n g  t h e  A rm o r ic a n  

o r o g e n y .  As m e n t i o n e d  a b o v e ,  Owen and 7 /eaver  b o t h  d e s c r i b e d  

l a r g e  s i n i s t r a l  w re n c h  movements  a l o n g  t h e s e  d i s t u r b a n c e s  

r e s u l t i n g  f ro m  s o u t h  t o  n o r t h  c o m n r e s s i o n a l  f o r c e s  d u r i n g  

t h e  A r m o r i c a n  e a r t h - m o v e m e n t s  (V e a v e r  1 9 7 4 ) .

Movement a l o n g  t h e s e  d i s t u r b a n c e s  may h a v e  c o n t i n u e d  i n  

P o s t -  L i a s s i c  t i m e s  and may e v e n  have  c o n t i n u e d  i n t o  t h e  

Heogene :  a  s u g g e s t i o n  made by l e a v e r  (1975)  b a s e d  on 

g e o m o r ^ h o l o g i c a l  e v i d e n c e .

C e r t a i n l y  t h i s  a u t h o r  v;ould c o n c u r  w i t h  o t h e r s  t h a t  movement 

a l o n g  t h e s e  two d i s t u r b a n c e s  h a s  had  a  l o n g  and co m plex  

h i s t o r v .  E v i d e n c e  d e s c r i b e d  i n  t h i s  t h e s i s  f rom  w i t h i n  t h i s
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a r e a  i n d i c a t e s  u n l i f t  a l o n g  them  t h r o u g h o u t  much o f  

l e s t n h a l i a n  d e p o s i t i o n .  T h u s ,  when t h e  c l i m a x  o f  t h e  

A rm o r ic a n  d e f o r m a t i o n  o c c u r r e d  i n  P o s t - G a r b o n i f e r o u s  t i m e s  

t h e s e  two d i s t u r b a n c e s  w e re  a l r e a d y  i n  e x i s t e n c e  d i v i d i n g  

t h e  S o u th  V a le s  C o a l f i e l d  i n t o  t h r e e  s t r u c t u r a l  u n i t s .

The t h r e e  s e c t i o n s  w e re  a l l  s u b j e c t e d  t o  t h e  same g e n e r a l  

s t r e s s - f i e l d  d u r i n g  t h e  A r m o r ic a n  o r o g e n y  and  one w o u ld  

e x p e c t  t o  f i n d  a  b r o a d l y  s i m i l a r  s t r u c t u r a l  î v a t t e r n  i n  t h e  

t h r e e  u n i t s .  T h i s  i s  t h e  c a s e  w i t h  ÏÏ-3 an d  H . H . l .  -  3 . S . E .  

c r o s s - f a u l t s  P r e s e n t  a c r o s s  t h e  w h o le  c o a l f i e l d .  L o c a l  

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

r e f l e c t  l o c a l  v a r i a t i o n s  i n  t h e  s t r e s s - f i e l d .

As d e t a i l e d  above  a  number  o f  a u t h o r s  have  d e s c r i b e d  w r e n c h -  

movements  a l o n g  t h e  Y ale  o f  N e a t h  and Tawe V a l l e y  D i s t u r b a n c e s  

i n d i c a t i n g  t h a t  t h e  t h r e e  s e c t i o n s  o f  t h i s  c o a l f i e l d  w e re  

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

p r e s s u r e s .  I t  i s  p r o p o s e d  h e r e  t h a t  u n d e r  t h e s e  c i r c u m s t a n c e s  

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

p o s s i b i l i t y  t h a t  t h e  l a t e r  A rm o r ic an  s t r u c t u r e s  w i l l  m a tc h  

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

u n i t s ,  i . e .  t h e  c r o s s - f a u l t s  w i l l  n o t  m a t c h  a c r o s s  t h e  

Vale  o f  H e a t h  D i s t u r b a n c e  and Tawe V a l l e y  D i s t u r b a n c e .

The l e n g t h y  and  d e t a i l e d  d i s c u s s i o n  i n  C h a p t e r  4 o f  t h i s  

t h e s i s  l e a d s  t h i s  a u t h o r  t o  t h e  c o n c l u s i o n  t h a t  t h e  s t r u c t u r e s  

o b s e r v e d  i n  t h e  C o a l  M e asu re s  c a n n o t  be m a tc h e d  i n  d e t a i l  

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

c e r t a i n l y  t h e  c a s e  w i t h  t h e  Vale  o f  H e a th  D i s t u r b a n c e  ( s e e  

F i g s .  4 . 1 ,  4 . 5 ,  4 . 7  and 4 . 2 ) .  I t  i s  n o t  s u f f i c i e n t  t o
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Development Of Structures During
Ttie Armorican Oroaenv.

Block  ni
Block E -■

Block I

a) F o r ma t i o n  o f  c a l e d o n o i d  s t r u c t u r e s ,  p o s s i b l y  above  
b a s e me n t  f a u l t s .

H

b) F o r ma t i o n  o f  n o r ma l  c r o s s  f a u l t s  w i t h i n  t h e  p r e - e x i s t i n g  
s t r u c t u r a l  u n i t s .

S ca le
Kilometres 0 5 10_________20

Miles 0 1 5 10

Figure 6.15



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

on  e i t h e r  s i d e  o f  t h e  V a le  o f  N e a th  D i s t u r b a n c e .  I n  o r d e r  

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

d i s t u r b a n c e  a s  t h e  k e y  t o  d e t e r m i n i n g  t h e  t e a r i n g  co m p o n en t  

o f  t h e  l a t t e r  t h e  m a tc h  m u s t  be a c h i e v e d  i n  d e t a i l  an d  n o t  

i n  g e n e r a l .

T h a t  a  d e t a i l e d  m a tc h  c a n n o t  be  a c h i e v e d  a c r o s s  t h e  V ale  o f  

N e a t h  D i s t u r b a n c e  ( s e e  P i g . 4 . 5 )  r e s u l t s  i n  t h e  i n e v i t a b l e  

c o n c l u s i o n  t h a t  0/ven ( 1953)  h a d  no g r o u n d s  f o r  c a l c u l a t i n g  

a s i n i s t r a l  w r e n c h  movement f o r  t h i s  s t r u c t u r e .  O w en 's  

d e t a i l e d  m app ing  w ork  c o n f i r m s  t h a t  t h e  c r u s t  on  b o t h  s i d e s  

o f  t h e  Vale  o f  N e a t h  D i s t u r b a n c e  h a s  b e e n  s u b j e c t e d  t o  a 

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

t h i s  a u t h o r .  O.ven's m app ing  a l s o  d e m o n s t r a t e s  t h e  p r e 

e x i s t e n c e  o f  t h e  Vale  o f  N e a t h  D i s t u r b a n c e  and h e n c e  t h e  

i n d e p e n d e n c e  o f  t h e  tvio s t r u c t u r a l  u n i t s  d u r i n g  t h e  A r m o r i c a n  

o r o g e n y :  t h e  c r o s s - f a u l t s  a r e  n o t  c o n t i n u o u s  a c r o s s  t h e  

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

a u t h o r  c o n c u r s .  H ow ever ,  i t  i s  u n l i k e l y  t h a t  t h e  movement 

a l o n g  t h e  V a le  o f  N e a t h  D i s t u r b a n c e  was s i n i s t r a l  i n  s e n s e .

C om bin ing  Owen 's  (1953)  c o n c l u s i o n s  w i t h  w e a v e r ' s  (1 9 7 5 )  

p r o p o s a l s  f o r  t h e  d e v e l o p m e n t  o f  t h e  C a l e d o n o i d  b e l t s  

( P i g .  6 . 1 5 ( a ) )  w o u ld  r e q u i r e  one o f  two s t r u c t u r a l  p a t t e r n s .  

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

t h e n  i t  i m p l i e s  t h a t  t h e  c e n t r a l  s t r u c t u r a l  u n i t  h a s  

r o t a t e d  i n  a  c l o c k w i s e  s e n s e  ( P i g . 5 . 1 6 ( b j ] .  I f  t h i s  w e re  

t h e  c a s e  t h e n  one m i g h t  e x p e c t  t o  s e e  a  r o t a t i o n  i n  t h e  

t r e n d  o f  t h e  c r o s s - f a u l t s  w i t h i n  t h i s  s t r u c t u r a l  u n i t ,  a
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Behaviour Of The Crust Around 
The Caledonoid Disturbances.

or.l o w e r  P a l a e o z o i c  B l o c k

crn
0 ’s

f  a. W *- -  O'»"» «toping

/ -  -  /

-  2.=_l j  z_n̂  lio j* - '

— B a s e m e n t  f a u l t s

a) R e s o l u t i o n  o f  t h e  o r o g e n i c  p r e s s u r e s  a f t e r  Weaver  1 9 7 5 .  
Not e  t h a t  W e a v e r ' s  d i s p l a c e m e n t  o f  t h e  C o a l f i e l d  S y n c l i n e  
i n d i c a t e s  a N o r t h - E a s t e r l y  movement  f o r  Bl o c k  I I .

NM-

Block n
,/"Block :

Block I

b) Wrench mo v e me n t s  a f t e r  Weave r  1975 ,  i mp l y  e i t h e r  a 
r o t a t i o n  o f  B l o c k  I I ,  o r . . . .

Block n
Block 1 ■ X

Block I

c) A s i g n i f i c a n t l y  l a r g e r  wr e n c h  movement  a l o n g  t h e  Va l e  o f  
Nea t h  D i s t u r b a n c e  t h a n  a l o n g  t h e  Tawe V a l l e y  D i s t u r b a n c e .

Figu re  6.16



r o t a t i o n  w h i c h  i s  p a t e n t l y  a b s e n t  i n  t h e  many f a u l t s  

o b s e r v e d  i n  t h i s  s t u d y .  A l t e r n a t i v e l y ,  one c a n  a c h i e v e  a 

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

t e a r i n g  movement a l o n g  t h e  Vale  o f  îTeath D i s t u r b a n c e  i s  

g r e a t e r  t h a n  f o r  t h e  Tawe V a l l e y  D i s t u r b a n c e  ( P i g . 6 . 1 6 ( c ; j . 

0,-ven (1953)  i n d i c a t e d  a s i n i s t r a l  v.uench movement o f  some 

1 ,200m  f o r  t h e  V ale  o f  D e a th  D i s t u r b a n c e  and  Weaver  (1975)  

s u g g e s t e d  a  s i n i s t r a l  w r e n c h  movement o f  some 530m f o r  t h e  

Tawe V a l l e y  D i s t u r b a n c e :  h e n c e ,  i t  seems a s  i f  t h i s  model  

i s  c o n f i r m e d  by f i e l d  o b s e r v a t i o n s .

I f  t h e  two s t r u c t u r a l  B lo c k s  1 and 2 ( P i g . 6 . 1 6 ( a ) ) h av e  b o t h  

moved i n  t h e  same s e n s e ,  a s  s u g g e s t e d  by t h i s  c o n c e n t ,  t h e n  

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

be t h e  s a m e , r e s u l t i n g  i n  a  s i m i l a r  p a t t e r n  o f  o v e r t h r u s t s  

i n  e a c h  o f  t h e  two B lo c k s  ( P i g . 6 , 1 7 ( a j j . The m a jo r  b e l t  

o f  o v e r t h r u s t i n g  i n  B lo ck  2 i s  t h e  Br^m teg  O v e r t h r u s t s  i t ’ s 

t r e n d  c o n f i r m s  t h a t  B lo ck  2 moved i n  a  n o r t h - e a s t e r l y  

d i r e c t i o n .  The P r i n c i p a l  o v e r t h r i s t  i n  B l o c k  1 i s  t h e  

C ly n c o r r w g -T o w e r  O v e r t h r u s t  ( s e e  P i g .  4 . 9 ( a )  and P i g . 6 . 1 7 ( b ) ) ,  

w h ich  i s  P a r a l l e l  t o  t h e  Vale o f  D e a th  D i s t u r b a n c e .  P i g . 4 . 9 ( a ;  

a l s o  i l l u s t r a t e s  t h a t  t h e  n r i n c i n a l  f o l d s  have  t h e i r  a x e s  

p a r a l l e l  t o  t h e  Vale  o f  D e a th  D i s t u r b a n c e  r e f l e c t i n g  c r u s t a l  

s h o r t e n i n g  i n  t h e  same manner  a s  t h e  o v e r t h r a s t s .  T h a t  t h e  

f o l d s  and o v e r t h r u s t s  a r e  c l o s e l y  r e l a t e d  i s  e v i n c e d  by 

i n s t a n c e s  w h e re  f o l d s  become a c c e n t u a t e d  and  p a s s  l a t e r a l l y  

i n t o  o v e r t h u s t s .  T h u s ,  t h e  p r i n c i p a l  d i r e c t i o n  o f  

s h o r t e n i n g  and  t h e  n r i n c i n a l  c o m p r e s s i o n  w ere  p e r p e n d i c u l a r  

to  and n o t  p a r a l l e l  t o  t h e  Vale  o f  D e a th  D i s t u r b a n c e  i n  

B lo c k  1 .
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Overthrusts As Indicators Of

Block I

B lo c k  m

/  /  / \
Block  I

a) P r e d i c t e d  p a t t e r n  o f  o v e r t h r u s t i n g  i f  a l l  t h r e e  s t r u c t u r a l  
b l o c k s  had been  s i m i l a r l y  c o mp r e s s e d .

Block I

B lo c k  HI

Block I

b) P a t t e r n  o f  o v e r t h r u s t s  f ound  i n  p r a c t i s e .

i e y _
Tr end o f  p r i n c i p a l  o v e r t h r u s t s  wi t h  d i r e c t i o n  of  
o v e r t h r u s t i n g  i n d i c a t e d .

D i r e c t i o n  o f  p r i n c i p a l  c o m p r e s s i o n .

S ca le
5 10 20Kilometres 0 

Miles 0 1 10 Figure 6.17



I t  i s  t h e r e f o r e  a n n a r e n t  t h a t  B lock  1 was b e in g  d r i v e n  

n o r th w a rd s  a g a i n s t  B lock  2  and t h a t  i n  t h e  v i c i n i t y  o f  t h e  

Yale o f  %eath D i s t u r b a n c e  t h e  n r i n c i n a l  c o m p r e s s io n  was a t  

r i g h t  a n g l e s  t o  t h e  C a l e d o n i a n  d i s t u r b a n c e .  Block 3 was 

b e i n g  d r i v e n  and s h o r t e n e d  a g a i n s t  t h e  C e n t r a l  Wales m a s s i f  

( T r o t t e r  1947 ,  Weaver 1 9 7 5 i r e s u l t i n g  i n  t h e  m a jo r  

A rm orican  c o m n r e s s i o n a l  b e l t s  o f  c a l e d o n o i d  t r e n d .  Block  2  

was s q u e e ze d  be tween  t h e  o u t e r  two s t r u c t u r a l  u n i t s  and 

a d j u s t m e n t  t o o k  p l a c e  by means o f  w rench  movements a lo n g  

t h e  Yale o f  N ea th  and Tawe Y a l l e y  D i s t u r b a n c e .  Block 2  moved 

to w ard s  t h e  N.B. w i t h  i n t e r n a l  f r i c t i o n  r e s u l t i n g  i n  o v e r 

r i d i n g  o f  s t r a t i g r a n h i c  u n i t s  upon  o t h e r s  i n  l a r g e  o v e r 

t h r u s t s ,  n r i n c i n a l l y  t h e  Brynt e g  O v e r t h r u s t .  Such a 

s q u e e ze d  c e n t r a l  u n i t  m ig h t  be e x p e c t e d  t o  be w ed g e -sh ap e d  

w i t h  t h e  anex  to w ard s  t h e  3 .W .:  p r e c i s e l y  t h e  shape  o f  

B lo ck  2 .

Such a model answ ers  t h e  n o r th w a r d  d i r e c t e d  Armorican  

c o m n r e s s io n  d e s c r i b e d  by so many a u t h o r s  and i n c o r p o r a t e s  

a l l  t h e  m a jo r  s t r u c t u r a l  e l e m e n t s  p r e s e n t  w i t h i n  t h i s  a r e a .

As a r e s u l t  o f  t h i s  movement t h e  Tawe Y a l l e y  D i s t u r b a n c e  

must  have a s i n i s t r a l  t e a r i n g  component  ( a s  d e s c r i b e d  by 

l e a v e r  1 9 7 5 J b u t  t h e  Yale o f  N e a th  D i s t u r b a n c e  must  c l e a r l y  

be a  d e x t r a l  w rench  f a u l t .

,D2 Normal C r o s s - F a u l t s

Thus ,  t h e  e a r l i e s t  o f  t h e  s t r u c t u r e s  now o b s e rv e d  i n  the  

S o u th  Wales C o a l f i e l d  were  t h e  Yale o f  N ea th  and Tawe Y a l ley  

D i s t u r b a n c e s ,  w h ich  d i v i d e d  t h e  c o a l f i e l d  i n t o  t h r e e
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s t r u c t u r a l  u n i t s .  Each  o f  t h e s e  u n i t s  i s  i t s e l f  b r o k e n  i n t o  

s m a l l e r  f a u l t  b l o c k s  by means o f  t h e  n o r m a l  c r o s s - f a u l t s  

w h ic h  w e re  t h e  n e x t  t o  f o rm .  The s u g g e s t i o n  t h a t  t h e  f o l d s  

and o v e r t h r u s t s  f o rm ed  b e f o r e  t h e  c r o s s - f a u l t s  and w ere  

d i s p l a c e d  by t h e  l a t t e r  i s  e r r o n e o u s .

I t  i s  a  g r o s s  /D v er - s  imnl  i f  i c a t i o n  t o  de s c r i b e . . f o l d - - a n d  o v e r 

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

t h e  c r o s s - f a u l t s . I t  i s  an  e l e m e n t a r y  p r i n c i p l e  o f  g e o l o g y  

t h a t  a  s t r u c t u r e  d i s p l a c e d  by a n o t h e r  m u s t  p r e - d a t e  i t .  

However ,  d e t a i l e d  e x a m i n a t i o n  o f  t h e  many f o l d s  and o v e r -  

t ; i r u s t  s t r u c t u r e s  p r e s e n t  i n  t h e  S o u th  .Vales C o a l f i e l d  w i l l  

r e v e a l  t h a t  t h e y  a r e  n o t  d i s p l a c e d  by t h e  c r o s s - f a u l t s .

I t  i s  c e r t a i n l y  t h e  c a s e  t h a t  f o l d s  and  o v e r t h r u s t s  a r e  n o t  

c o n t i n u o u s  a c r o s s  t h e  n o rm a l  f a u l t s ;  t h i s  i s  n o t  a r e s u l t  

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

d e t a i l e d  n a t t e r n  o f  f o l d s  and o v e r t h r u s t s  a r e  d i f f e r e n t  i n  

e a c h  f a u l t  b l o c k .  I t  i s  t h e r e f o r e  s u g g e s t e d  h e r e  t h a t  t h e  

n o rm a l  c r o s s - f a u l t s  fo rm e d  b e f o r e  t h e  f o l d s  and o v e r t h r u s t s  . 

d i v i d i n g  t h e  c o a l f i e l d  i n t o  a l a r g e  number  o f  f a u l t  s l i c e s  

a l i g n e d  a n n r o x i m a t e l y  H . -  b .  Each  o f  t h e s e  s l i c e s  r e s p o n d e d  

to  t h e  no r thw .a rd  d i r e c t e d  A rm o r ic a n  c o m p r e s s i o n  w i t h  a d e g r e e  

o f  i n d e p e n d e n c e :  t h a t  t h e  c r o s s - f a u l t s  h a v e  a  w re n c h  com ponen t  

i s  w e l l  docu m en ted  ( T r o t t e r  1 947 ,  Owen 1 9 5 3 ,  1 973 ,  19S4,

Cayer  e t  a l .  1 9 7 3 ,  Owen and w eaver  1 9 9 3 ) .  T h i s  t e a r i n g  

movement i s  a r e s u l t  o f  t h i s  i n d e p e n d e n c e  o f  r e s p o n s e  t o  t h e  

c o m p r e s s i o n  s u c h  t h a t  e a c h  f a u l t  b l o c k  may h a v e  e x p e r i e n c e d  

a s i m i l a r  c r ^ a s t a l  s h o r t e n i n g  t o  i t ’s n e i g h b o u r ,  b u t  t h e  

manner  o f  t h e  s h o r t e n i n g  i s  d i f f e r e n t  ( s e e  E i g . S . l S ) .
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Generation Of Compressionai Structures
B etw een Normal C ross-Faults .
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a)  N o r t h e r l y  d i r e c t e d  c o m p r e s s i o n  a c t s  i n  a s i m i l a r  ma n n e r  
on a number  o f  f a u l t  b l o c k s  ( s t r i p s )  wh i c h  a r e  d e f i n e d  
by t h e  e a r l i e r  n o r ma l  c r o s s - f a u l t s .

N

\\\ \
\\

\\
j b )  A s i m i l a r  a mo u n t  o f  s h o r t e n i n g  i s  i n d u c e d  i n  e a c h  f a u l t

s l i c e  b u t  t h e  ma n n e r  o f  o f  t h e  s h o r t e n i n g  i s  d i f f e r e n t
I  i n  a d j a c e n t  f a u l t  s l i c e s .  To a c h i e v e  t h i s  s t r u c t u r a l
j p a t t e r n  t h e  n o r m a l  c r o s s - f a u l t s  a c q u i r e  a t e a r i n g

c o m p o n e n t .

Figure  6.16



T h a t  t h e  n o r m a l  f a u l t s  w ere  t h e  e a r l i e r  t o  fo rm  may be 

i l l u s t r a t e d  by r e f e r e n c e  t o  a  number  o f  e x a m p l e s ,  f i g u r e  3 .2 7  

i l l u s t r a t e s  t h e  d e t a i l s  o f  a  t h r u s t  t e r m i n a t i n g  a g a i n s t  and 

n o t  d i s p l a c e d  by a  n o rm a l  f a u l t :  t h i s  exam ple  i s  w e l l  p r o v e n  

b y  u n d e r g r o u n d  d r i v a g e s  and b o r e h o l e s .

Some l a r g e  c o m p r e s s i o n a i  s t r u c t u r e s  g i v e  t h e  s u p e r f i c i a l  

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

C'.vm hwrch C o m p r e s s io n  B e l t  ( T r o t t e r  1947)  and t h e  S r y n t e g  

O v e r t h r u s t  d e s c r i b e d  i n  t h i s  t h e s i s .  However ,  when t h e s e  

s t r u c t u r e s  a r e  ex am ined  i n  d e t a i l  t h e y  a r e  s e e n  t o  be 

d i f f e r e n t  i n  e a c h  c r o s s - f a u l t  b l o c k ,  s e e  f i g . 3 . 2 9 ,  f i g . 3 . 5  

and  th e  l a r g e  s t r u c t u r e  P l a n s  i n  t h e  a p p e n d i x .  These 

s t r u c t u r e s  r e p r e s e n t  a m a jo r  r e s p o n s e  t o  t h e  n o r t h w a r d  

d i r e c t e d  c o m p r e s s i o n  a c t i n g  o v e r  a  r e l a t i v e l y  I p r g e  a r e a  o f  

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

o f  t h e  f a u l t  b l o c k s  to  r e s p o n d  t o  t h a t  p r e s s u r e .

S i m i l a r l y ,  when exam ined  i n  d e t a i l ,  many f o l d s  a r e  n o t  

d i s p l a c e d  by t h e  c r o s s - f a u l t s ,  b u t  t h e  p a t t e r n  and number 

o f  f o l d s  i s  d i f f e r e n t  i n  a d j a c e n t  f a u l t  b l o c k s .  T h i s  i s  

i l l u s t r a t e d  by t h e  f o l d s  o b s e r v e d  a r o u n d  t h e  Yale o f  N e a th  

D i s t u r b a n c e  ( f i g . 4 . 2 ) .

T h a t  t h e  c r o s s - f a u l t s  f o rm ed  e a r l y  i n  t h e  s e q u e n c e  o f  

s t r u c t u r a l  d e f o r m a t i o n  i s  a l s o  e v i n c e d  by t h e  n a t u r e  of  t h e  

f e r i f h i l l  S l i d e ,  w h ic h  t e r m i n a t e s  a g a i n s t  t h e  Hinwaun 2A 

f a u l t  ( s e e  f i g s .  S . 3 and 5 . i ) .  Beyond t h e  H irw aun  2A f a u l t  

i s  a  b e l t  o f  s e v e r e  c v e r t h r u s t s  w h ich  a r e  p r e s e n t  i n  t h e  

n e x t  t h r e e  f a u l t  b l o c k s , a l t h o u g h  t h e  b e l t  o f  o v e r t h r u s t s  

i s  s i g n i f i c a n t l y  d i f f e r e n t  i n  e a c h  b l o c k  d i m i n i s h i n g  i n
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s e v e r i t y  eas i rwards  away from t h e  P e r n h i l l  S l i d e .  Again i t  

i s  a p p a r e n t  t h a t  t h e  no rm a l  c r o s s - f a u l t s  w ere  t h e  e a r l i e r  to  

form f o r  t h e y  do n o t  d i s p l a c e  o t h e r  s t r u c t u r e s ,  t h e y  s e p a r a t e  

a r e a s  w here  l a t e r  s t r u c t u r e s  on e i t h e r  s i d e  a r e  d i f f e r e n t .

These c r o s s - f a u l t s  may be p e r s i s t e n t  l a t e r a l l y  f o r  a  number 

o f  k i l o m e t r e s  and a r e  t o  be o b s e r v e d  a t  t h e  t h r e e  seam 

d a t a  d e s c r i b e d  i n  t h i s  t h e s i s ,  i . e .  t h e y  d i s p l a c e  th e  

whole t h i c k n e s s  o f  Coa l  M ea su re s .  These f a u l t s  may have 

fo rm ed  as a r e s u l t  o f  e a r l y  t e n s i o n a l  f o r c e s  w h ich  may have 

been  due t o  an  e a r l y  ph ase  o f  u p l i f t  i n  t h e  A rm orican  o rogeny  

o r  e l s e  may r e f l e c t  an  e l e m e n t  o f  t e n s i o n  a t  a p p r o x i m a te ly  

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

ïïhen t h e  c o m p r e s s i o n a i  s t r u c t u r e s  began  t o  fo rm  t h e  South  

t a l e s  C o a l f i e l d  was t h e r e f o r e  a l r e a d y  d i v i d e d  i n t o  t h r e e  

main s t r u c t u r a l  u n i t s  d e f i n e d  by t h e  Vale o f  N ea th  and Tawe 

V a l l e y  D i s t u r b a n c e s ,  e a c h  of  w h ich  was s u b - d i v i d e d  i n t o  a 

number o f  f a u l t  s l i c e s  by th e  many c r o s s - f a u l t s .  I t  was 

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

f o rm e d .

6,5,3 C o m n r e s s io n a l  S t r u c t u r e s

I t  h a s  b ee n  deduced  above t h a t  each  s l i c e  o f  t h e  C o a l f i e l d  

d e f i n e d  by t h e  c r o s s - f a u l t s  r e sp o n d e d  t o  t h e  c o m p r e s s i o n a i  

f o r c e s  w i t h  a d e g r e e  o f  i n d e p e n d e n c e . However,  t h e r e  a r e  a 

number o f  o v e r a l l  p a t t e r n s  t o  t h e  c o m p r e s s i o n a i  s t r u c t u r e s  

w h ich  r e q u i r e  an  e x p l a n a t i o n :  t h e  g e o g r a p h i c  and s t r a t i g r a p h i e  

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

r e s t r i c t e d  t o  t h e  m e a s u r e s  b e lo w  t h e  P e n n a n t  M e a s u r e s ,  

a l t h o u g h  some s m a l l e r  o v e r t h r u s t s  a f f e c t  t h e  N o .2 Rhondda 

Seam. S q u i r r e l  and Downing (1969)  s u g g e s t e d  mass movement 

o f  t h e  P e n n a n t  M e a su re s  o v e r  t h e  l o w e r  p o r t i o n  o f  t h e  G oal  

M e a s u r e s .  C e r t a i n l y  t h e  p r e s e n c e  o f  t h e  t h i c k  co m p e te n t  

P e n n a n t  M e a su re s  o v e r l y i n g  a  c e n t r a l  w e a k e r  s e q u e n c e  w h i c h  

i n  t u r n  o v e r l i e s  a  s e cue  nee  o f  s t r o n g  g r i t s  and l i m e s t o n e s  

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

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

u p p e r m o s t  c o m p e t e n t  u n i t  ( t h e  ’ P e n n a n t  M e a s u r e s ’ ) h a s  moved 

r e l a t i v e  t o  t h e  l o w e r  u n i t s :  t h e  movement  was a c h i e v e d  by 

means o f  t h e  o v e r th n m . i s t s , f o l d s  and o t h e r  i n c o m p e t e n t  

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

T he re  i s  s t r o n g  e v i d e n c e  f o r  t h e  d i f f e r e n t i a l  movement o f  

t h e  P e n n a n t  M easu re s  o v e r  t h e  more a r g i l l a c e o u s  u n d e r l y i n g  

c o a l  m e a s u r e s  w i t h i n  t h i s  a r e a .  Such a  movement m ust  have  

had i t ’ s p r i n c i p a l  com ponen t  d i r e c t e d  p a r a l l e l  t o  t h e  c r o s s 

f a u l t s  , w i t h  t h e  c r u s t a l  s l i c e s  s l i p p i n g  r e l a t i v e  to  e a c h  

o t h e r .  I f  t h e  p r i n c i p a l  movements  w ere  i n  any  o t h e r  

d i r e c t i o n  t h e n  t h e  e a r l i e r  fo rmed c r o s s - f a u l t s  w ou ld  be 

d i s t o r t e d :  s u c h  a  d i s t o r t i o n  h a s  n o t  b e e n  o b s e r v e d ,  i n d e e d  

t h e  t r e n d  and d i ^  o f  t h e  m a jo r  f a u l t  p l a n e s  i s  f a i r l y  

c o n s t a n t  a c r o s s  t h e  C o a l f i e l d ,  i r r e s p e c t i v e  o f  t h e  P r e s e n c e  

o f  c o m p r e s s i o n a i  s t r u c t u r e s .

The P e n n a n t  M easu res  g l i d e d  on  t h e  l e s s  c o m p e t e n t  m e a s u re s  

r e s u l t i n g  i n  t h e  i n c o m p e t e n t  s t r u c t u r e s  d e s c r i b e d  i n  C h a p t e r  5 

o f  t h i s  t h e s i s .  The movement was a c h i e v e d  on  t h r e e  s e p a r a t e
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s t r u c t u r a l  e l e m e n t s ,  e a c h  o f  w h ic h  i s  w i d e s p r e a d  i n  t h e  

m e a s u r e s  b e low  t h e  P e n n a n t  M easu re s  i n d i c a t i n g  t h a t  t h e  

P e n n a n t  M e a s u r e s  a c t e d  a s  a s i n g l e  c o m p e t e n t  s t r u c t u r a l  u n i t .

) The o v e r t h r u s t s  e n a b l e d  m e a s u re s  t o  o v e r - r i d e  e a c h  o t h e r  so 

t h a t  t h e  p r i n c i p a l  t r e n d s  o f  t h e  o v e r t h r u s t s  i n d i c a t e  t h e  

d i r e c t i o n s  o f  movement  and o f  s h o r t e n i n g .  I n  s t r u c t u r a l  

B lo c k  1 ( s e e  P i g .  6 . 1 6 )  t h e  c o m p r e s s i o n  was  d i r e c t e d  n o r t h 

w a rd s  a s  i n d i c a t e d  by t h e  G ly n co r rv ;g -T o w er  O v e r t h r u s t ,  b u t  

was m o d i f i e d  i n  t h e  v i c i n i t y  o f  t h e  C a l e d o n o i d  d i s t u r b a n c e s  

w here  i t  was  a t  r i g h t  a n g l e s  t o  them .  T h u s , t h e  C l y n c o r r w g -  

Tower O v e r t h r u s t  i s  p a r a l l e l  t o  t h e  Yale  o f  N e a th  D i s t u r b a n c e  

w i t h i n  t h i s  a r e a ,  b u t  f u r t h e r  t o  t h e  e a s t  a t  Tower C o l l i e r y ,  

away f rom  t h e  i n f l u e n c e  o f  t h e  c a l e d o n o i d  d i s t u r b a n c e s ,  t h e  

same o v e r t l i r u s t  t r e n d s  a p p r o x i m a t e l y  e a s t - w e s t .  T h i s  t r e n d  

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

s h o r t e n i n g  p a r a l l e l  t o  t h e  l a t t e r .

I n  s t m i c t u r a l  B lo ck  2 t h e  p r i n c i p a l  movement was t o w a r d s  t h e  

. ,  p a r a l l e l  t o  t h e  two C a l e d o n o i d  d i s t u r b a n c e s :  t h e  

B ry n te g  O v e r t h r u s t  i l l u s t r a t e s  t h e  d i r e c t i o n  o f  s h o r t e n i n g .  

O v e r t h r u s t i n g  w i t h i n  t h i s  b l o c k  i s  more s e v e r e  a t  t h e  m a r g i n s ,  

p a r t i c u l a r l y  i n  t h e  v i c i n i t y  o f  t h e  Vale  o f  N e a th  D i s t u r b a n c e .  

T h i s  s u g g e s t s  t h a t  t h e r e  was a  g r e a t  d e a l  o f  d r a g  a t  t h e  

m a rg in s  w here  t h e  s t r u c t u r a l  b l o c k s  w e re  i n  c o n t a c t  r e s u l t i n g  

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

l o w e r  u n i t s  r e s i s t e d  t h e  c o m p r e s s i o n  f ro m  t h e  s o u t h 

w e s t .
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An e x a m i n a t i o n  o f  t h e  o v e r t h r u s t i n g  i n  more d e t a i l  r e v e a l s  

v a r i a t i o n s  f rom t h e  p r i n c i p a l  t r e n d s  and o c c a s i o n a l  sou th w ard  

d i r e c t e d  o v e r t h r u s t s .  Such  v a r i a t i o n s  a r e  t o  be e x p e c t e d  

b e a r i n g  i n  mind t h a t  t h e  m e asu re s  a r e  by no means homogeneous 

and one would  n o t  e x p e c t  t h e  o r o g e n i c  p r e s s u r e s  t o  have 

o c c u r r e d  i n  a  u n i f o r m  m anner .  The l a t t e r  i s  p r e d i c t a b l e  on 

t h e  b a s i s  o f  t h e  number o f  f r a c t u r e s  a l r e a d y  i n  e x i s t e n c e  a t  

e a c h  s t a g e  o f  t h e  o r o g e n y .  N h i l s t  t h e  p r i n c i p a l  movements 

were as  d e t a i l e d  a b o v e ,  t h e r e  w ere  l o c a l i s e d  s t r u c t u r a l  c e l l s  

where s t r a t a  was d r i v e n  i n t o  l o c a l i s e d  low p r e s s u r e  a r e a s ,  

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

(ii)  Movement was a l s o  a c h i e v e d  by means o f  s l i p  a l o n g  in c o m p e te n t  

h o r i z o n s  w h ich  became h i g h l y  de fo rm ed  and weakened bv means 

o f  m u l t i p l e  m i c r o - s h e a r  p l a n e s .  T h i s  r e s u l t e d  i n  t h e  

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

( see  F i g s .  5 . 2 7  and 5 . 2 3 ) .  The d i r e c t i o n  o f  d i f f e r e n t i a l  

movement was i n  a manner  s i m i l a r  to  t h a t  d e s c r i b e d  f o r  o v e r -  

t l r r u s t s ,  i . e .  p r i n c i p a l l y  p a r a l l e l  t o  t h e  c r o s s - f a u l t s  i n  

B lock  1 ,  p a r a l l e l  t o  t h e  C a l e d o n o i d  d i s t r u b a n c e s  i n  B lo ck  2 

and w i t h  l o c a l i s e d  c e l l s  o f  movement i n  o t h e r  d i r e c t i o n s  

where  l o c a l  p r e s s u r e s  and c o n d i t i o n s  d i c t a t e d .

(iii) Borne movement was a l s o  a c h i e v e d  by means o f  b e d - o v e r - b e d  

g l i d i n g ,  b e d d i n g - P l a n e  s l i p .  T h is  h a s  b ee n  s u g g e s t e d  

p r e v i o u s l y  by R o b e r t s  (1979 and 1981) who n o t e d  c a l c i t e -  

f i l l e d  j o i n t s  p a r a l l e l  t o  t h e  b e d d i n g - p l a n e s  on t h e  N o r th  

Crop and on the Cower. T i t h i n  t h e  a r e a  s t u d i e d  i n  t h i s  

t h e s i s  maiy." ex am ples  have  been  n o t e d  o f  P o l i s h e d  bed d in g  

p l a n e s  c l e a r l y  i n d i c a t i n g  t h a t  beds  have moved r e l a t i v e  to
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t h e i r  n e i g h b o u r s ,  C e n e r a l l y ,  p o l i s h e d  b e d d i n g  P l a n e s  a r e  

sm oo th ;  h a v e  a b l a c k ,  s h i n y  s u r f a c e  and  no s l i c k e n s i d e . s : 

t h e r e  i s ,  t h e r e f o r e ,  no e v i d e n c e  a s  t o  t h e  d i r e c t i o n  o f  

m ovem en t .

I t  i s  s u g g e s t e d  h e r e i n  t h a t  t h e  ’ P e n n a n t  M e a s u r e s ’ have 

moved o v e r  t h e  l e s s  c o m p e t e n t  m e a s u re s  b e n e a t h  by t h e  means 

d e t a i l e d  i n  t h e  i m m e d i a t e l y  u r e c e e d i n g  p a r a g r a p h s .

I m m e d i a t e l y  t o  t h e  e a s t  o f  t h i s  a r e a  t h e  movement was n o r t h 

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

t h e  Yale  o f  H e a th  D i s t u r b a n c e  w i t h i n  t h e  a r e a  i n f l u e n c e d  

by i t ,  s t n i c t u r a l  B lo c k  2 moved N . 3 .  and l o c a l  a d j u s t m e n t s  

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

i n  l o c a l i s e d  movements  t o  a r e a s  o f f e r i n g  t h e  l e a s t  r e s i s t a n c e

Such a s t r u c t u r a l  h i s t o r y  f o r  an  a r e a  c o n t r o l l e d  by t h e  p r e 

e x i s t i n g  c r o s s - f a u l t s  r e q u i r e s  an  e x p l a n a t i o n  o f  t h e  b e h a v i o u r  

o f  t h e  s t r a t a  a t  t h e  m a r g in  o f  e a c h  s t r u c t u r a l  s l i c e ,  i . e .  

i n  t h e  v i c i n i t y  o f  t h e  c r o s s - f a u l t s .  B e f o r e  o f f e r i n g  a 

d e s c r i p t i o n  o f  s u c h  b e h a v i o u r  i t  n e e d s  t o  be n o t e d  t h a t  n o t  

a l l  n o r m a l  f a u l t s  b eh av e  i n  t h e  manner  o f  t h e  m a jo r  c r o s s -  

f a i l t s ,  i . e .  a f f e c t i n g  t h e  w h o le  o f  t h e  C o a l  M ea su re s  and 

h a v i n g  e x t e n s i v e  l a t e r a l  e x t e n t s .  Some f o l l o w  a s i m i l a r  

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

The b e h a v i o u r  o f  some o f  t h e s e  i s  s u c h  t h a t  t h e y  a p p e a r  t o  

have fo rm e d  i n  t h e  same p h a s e  o f  a c t i v i t y / -  a s  t h e  c r o s s - f a u l t s  

b u t  t h a t  t h e  t e n s i o n a l  p r e s s u r e s  became d i s s i p a t e d  b e f o r e  

t h e  f a u l t s  d e v e l o p e d  f u r t h e r .  O th e r s  a r c  o f  much s m a l l e r  

e x t e n t  and  a r e  i n  r e s p o n s e  t o  l o c a l i s e d  c e l l s  o f  t e n s i o n  i n  a 

manner  s i m i l s n  t o  t h e  one d e s c r i b e d  f o r  t h e  o v e r t h r u s t s ,  y e t
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o t h e r s  a r e  c o n f i n e d  ^to t h e  P e n n a n t  M e a s u r e s :  t h e y  a r e  d i s c u s s e d  

l a t e r .

I f  t h e  c r o s s - f a u l t s  n r e - d a t e d  t h e  c o n g r e s s i o n a l  s t r u c t u r e s  

t h e r e  o u g h t  t o  be e v i d e n c e  o f  d i s t o r t i o n  o f  t h e  f o r m e r  by 

t h e  l a t t e r .  T h i s  w i l l  n o t  be t h e  c a s e  where  movement h a s  

b e e n  n a r a l l e l  t o  t h e  c r o s s - f a u l t s  : i n  s u c h  c i r c u m s t a n c e s  t h e  

c r o s s - f a u l t s  w i l l  m e r e l y  have  a c q u i r e d  a  t e a r i n g  com p o n en t .

where movement h a s  b e e n  o b l i q u e  t o  t h e  c r o s s - f a u l t s  t h e r e  i s  

e v i d e n c e  o f  d e f o r m a t i o n  o f  t h e  c r o s s - f a u l t s  by t h e  d i f f e r e n t i a l  

movement o f  t h e  P e n n a n t  M e a s u r e s . Such e v i d e n c e  m ig h t  be 

s o u g h t  i n  3 t r u e  "bur a l  B lo ck  2 w h ere  t h e  u r i n e  i v a l  movement  

was o b l i o u e  t o  t h e  t r e n d  o f  t h e  c r o s s - f a u l t s .  ' .Vithin t h i s  

b l o c k  a number  o f  c r o s s - f a u l t s  have  b e e n  o b s e r v e d  a t  a  number  

o f  l o c a l i t i e s  and h o r i z o n s .  I n  t h e  P e n n a n t  M e a s u r e s  and t h e  

u r - e r  m a r t  o f  t h e  M id d le  C oa l  M e asu res  t h e  d i n  o f  t h e  f a u l t  

p l a n e  i s  o f  t h e  o r d e r  o f  6 5 ^ / 7 0 0 .  where ex am ined  n e a r  t h e  

Mine Meet  Seam many s u c h  f a u l t  n l a n e s  h a v e  a d i n  w h ich  i s  

l e s s  t h a n  45° and nay  h av e  a  d i n  a s  low as  dOO ( s e e  P i g s ,  g .8  

and 3 . 1 7 K  T h i s  marked change  i n  t h e  d i n  o f  t h e  f a u l t  p l a n e s  

i s  t o o  g r e a t  t o  be e x p l a i n e d  by r e f r a c t i o n  i n  d i f f e r i n g  

l i t h o l o g i e s ,  a phenomenon w h ic h  p r o b a b l y  c o n t r i b u t e d  o n l y  

n a r t i a l l y  t o  t h i s  f e a t u r e .  A much more f e a s i b l e  e x p l a n a t i o n  

i s  t h a t  t h e  c r o s s - f a u l t  fo rm ed  w i t h  a s t e e r  d i r  i n  t h e  

h i g h e r  m e a s u re s  o f  t h i s  d i u  d e c r e a s e d  s l i g h t l y  t o

5 5 ^ /5 0 0  i n  t h e  l o w e r  m e a s u re s  b e c a u s e  o f  t h e  d i f f e r i n g  

e n g i n e e r i n g  r r o - e r t i e s  o f  t h e  s t r a t a  ( r e f r a c t i o n ; . S u b s e q u e n t  

t o  t h i s  t h e  c o m p r e s s i o n a l  r h a s e  o f  t h e  orogeng^ r e s u l t e d  i n
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Secondary Distortion Of Normal Faults  
Bv Campressionai S tructures  Resulting

In Lag Faults At Depth.
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/

A rgittaceouy^Coot Measures

f
a)  Nor mal  f a u l t  w i t h  a r e f r a c t e d  l o we r  p o r t i o n .

E. N. E1a 1 .

Pennant Sandstones
/
Argillaceous 

Movement y Cogi Measures

b)  P e n n a n t  S a n d s t o n e s  d r i v e n  f o r w a r d  on o v e r t h r u s t s  and o t h e r  
c o m p r e s s i o n a l  s t r u c t u r e s  i n  t h e  l o we r  l e s s  c o m p e t e n t  
m e a s u r e s .  The l o we r  p o r t i o n  o f  t h e  n o r ma l  f a u l t  b e c o me s  a 
Lag F a u l t  a s  t h e  l o we r  m e a s u r e s  a r e  d e f o r m e d  by t h e  
c o m p r e s s i o n a l  and i n c o m p e t e n t  s t r u c t u r e s .

Figure 6.19



d i f f e r e n t i a l  movement  o f  t h e  h i g h e r  ^ e n n a n t  I Tea s n r e s  o v e r  

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

c o n n e t e n t  u n i t  a n d  r e m a i n e d  e s s e n t i a l l y  i n t a c t ,  t r a n s n o r t i n g  

w i t h  th em  t h e  s t e e p l y  d i p p i n g  u n p e r  p o r t i o n  o f  t h e  c r o s s -  

f a u l t s  . The m ovem ent  r e s u l t e d  i n  a  d e f o r m a t i o n  o f  t h e  l o w e r  

m e a s u r e s  bv o v e r t h r u s t i n g ,  m i c r o - s h e a r i n g  a n d  b e d d i n g  n l a n e  

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

t h e  c r o s s - f a u l t s  w h i c h  now became c a u g h t  u n  i n  t h e s e  m ovem en ts ,  

f i g u r e  5 . 1 9  d e m o n s t r a t e s  t h e  n r o c e s s .

The s i t u a t i o n  m i g h t  a l s o  be e n v i s a g e d  w h e r e  t h e  l o c a l

c o m n r e s s i o n  d r i v e s  s t r a t a  o b l i a n e l y  a g a i n s t  c r o s s - f a u l t s  

w h e re  t h e  n a t u r e  o f  t h e  c r o s s - f a u l t  and t h e  s t r a t a  b e y o n d  

a r e  s u c h  t h a t  t h e y  a c t  as  a b u t t r e s s  w i t h i n  t h e  l o c a l  c o n t e x t .  

I n  s u c h  a  s i t u a t i o n  t h e  t h r u s t  s h e e t ,  a s  i t  e n d e a v o u r s  t o

o v e r - r i d e  o t h e r  m e a s u r e s ,  w i l l  c r e a t e  a c o m p r e s s i o n a l  s t r e s s -

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

a c t i n g  i n  t h e  r e v e r s e  d i r e c t i o n  o f  t h e  movement  o f  t h e  t l m s t  

s h e e t ,  i . e .  i n  t h e  d i r e c t i o n  f r o m  w h i c h  t h e  t h r u s t  s h e e t  h a s  

moved ( s e e  P i g . 6 . 2 0 ) .

Such c o n d i t i o n s  may be q u i t e  l o c a l i s e d  and  may r e s u l t  i n  

f a i r l y  co m n lex  s t r u c t u r e s ,  o a r t i c u l a r l y  i n  r e l a t i v e l y  

i n c o m p e t e n t  m e a s u r e s .  S u ch  c i r c u m s t a n c e s  m i g h t  w e l l  r e s u l t  

i n  a c o m n r e s s i o n  a c t i n g  o b l i q u e l y  t o  t h e  b e d d i n g  w h i c h  w o u ld  

e n c o u r a . r e  b e d s  t o  s l i d e  o v e r  e a c h  o t h e r  r e s u l t i n g  i n  r o t a r y  

f a u l t  ( s e e  P i g s .  5 . 2 1  t o  5 . 2 6 ) .  I n  t h e  e x a m n le  c i t e d  i n  

C h a n t e r  5 o f  t h i s  t h e s i s  t h e  m e a s u r e s  h a v e  b e e n  d r i v e n  

o b l i q u e l y  a g a i n s t  t h e  .Pwllau Bach F a u l t  a n d  h a v e  c r e a t e d
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M e a s u r e s  c o n f i n e d  by a c o m p e t e n t  P e n n a n t  S a n d s t o n e  
c a p  .

M e a s u r e s  d r i v e n  o b l i q u e l y  a g a i n s t  a n o r m a l  c r o s s  
f a u l t .

C r o s s - f a u l t  a c t s  a s  a r e s i s t a n t  ma s s :  t h e  
m e a s u r e s  b e y o n d  i t  b e i n g  mor e  c o m p e t e n t  t h a n  t h e  
w e a k e r  s t r a t a  w h i c h  f a i l s .

P r e s s u r e  i n c r e a s e s  i n  c o n f i n e d  a r e a .

C o m p r e s s i o n  i s  d i r e c t e d  r e a r w a r d  t o  be  r e l e a s e d  
by R o t a r y  F a u l t i n g .  N o t e :  t h e  r o t a t i o n  i s  
a s s i s t e d  by t h e  f o r w a r d  mo ve me n t  o f  t h e  o v e r  t h r u s t .

F iau re  6.20



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

t o  t h e  r o o f  m e a s u r e s  o f  t h e  î l in e  F e e t  o e a n  a n d  g e n e r a t i n g  

t h e  r o t a r y  f a u l t  w h i c h  a f f e c t e d  t h e  IT2 f a c e  a t  Abernergwm 

l o l l i e r y .

The i n t e r - a c t i o n  o f  t h e  o v e r t h r u s t s  and  o t h e r  c o m n r e s s i o n a l  

s t r i c t u r e s  w i t h  t h e  c r o s s - f a u l t s  n o t  o n l y  d e m o n s t r a t e s  t h a t  

t h e  c r o s s - f a u l t s  w e re  t h e  e a r l i e r  t o  f o r m ,  b u t  a l s o  p r o v i d e s  

v a l u a b l e  i n f o r m a t i o n  a l l o w i n g  a d e t a i l e d  i n t e r p r e t a t i o n  o f  

t h e  A r m o r i c a n  s t r e s s - f i e l d s  an d  d i r e c t i o n s  o f  movement and  

d e f o r m a t i o n  t o  be  made.  The m a r t  n l a y e d  by t h e  B r y n t e g  

O v e r t h r i s t  i n  t h e  s t r u c t u r a l  h i s t o r y  o f  t h i s  a r e a  i s  

s i g n i f i c a n t .  The n a t u r e  o f  t h i s  b e l t  o f  o v e r t h r u s t i n g  and 

t h e  f a c t  t h a t  t h e  o v e r t h r u s t s  r e r s i s t  t o  s u c h  a h i g h  l e v e l  

i n  t h e  s e q u e n c e  h a s  a l r e a d y  b e e n  com m ented  u n o n  w i t h i n  

t h i s  t h e s i s .  l iany o v e r t h r u s t s  and  r e l a t e d  c o m p r e s s i o n a l  

s t i m n c t u r e s  w i t h i n  t h i s  e r e  a and  e l s e w h e r e  i n  t h e  o o u t h  

'.Vales C o a l f i e l d  a r e  i n c o m p e t e n t  s t r u c t u r e s .  R o b e r t s  and  

James  (10B5) r e c e n t l y  d e s c r i b e d  t i g h t  f o l d s  i n  t h e  C o a l  

M e a su re s  t o  t h e  w e s t  o f  t h e  p r e s e n t  a r e a  o f  s t u d y  and  

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

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

were  e x a m p l e s  o f  i n c o m p e t e n t  c o m p r e s s i o n a l  s t r i c t u r e s  and  

n o t  o f  P o l y p h a s e  d e f o r m a t i o n  a s  f i r s t  a p p e a r e d  t o  be t h e

At f i r s t  t h e  Brynteg" O v e r t h r u s t  m i g h t  a p p e a r  t o  be a n o t h e r  

su c h  ex a m p le  o f  s e l e c t i v e  d e f o r m a t i o n  o f  i n c o m p e t e n t  

m e a s u r e s  w h i c h  i s  so w i d e l y  d i s p l a y e d  i n  t h e  C o a l  h e a s u r e s .

2 7  1



H o w ev e r ,  a n  e x a m i n a t i o n  o f  t h i s  s t r u c t u r e  l e a d s  t o  t h e  

c o n c l u s i o n  t h a t  i t  i s  a n  e x a m p le  o f  a n  i m b r i c a t e  f a n .  The 

s t r u c t u r a l  s e t t i n g , t h e  l a t e r a l  and  s t r a t i g r a p h i e  e x t e n t  

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

more s i g n i f i c a n c e  t h a n  t h e  d e f o r m a t i o n  o f  i n c o m p e t e n t  

m e a s u r e s .

The B r y n t e g  O v e r t h r u s t  i s  a  f a m i l y  o f  t h r u s t s  a s  d e f i n e d  by 

R o g e r s  ( 1 9 5 3 )  and i n  c r o s s - s e c t i o n  r e s e m b l e s  t h e  i d e a l i s e d  

s e c t i o n  o f  an  i m b r i c a t e  f a n  o f  B oyer  and  E l l i o t t  (1 9 3 2 )  ( o f .  

F i g s . 3 . 2 9  and 6 . 2 1 ) .

The B r y n t e g  O v e r t h r u s t  i s  a t  t h e  l e a d i n g  e d g e  o f  S t r u c t u r a l  

B lo c k  2 ( F i g . 5 . 1 6 ( a ) )  a s  i t  was  P u s h e d  t o w a r d s  t h e  F . E .  

m o v in g  b e t w e e n  t h e  two G a l e d o n o i d  d i s t u r b a n c e s  c r e a t i n g  a 

w r e n c h  c o m p o n e n t  t o  t h e i r  d i s p l a c e m e n t .  C h a p t e r  3 o f  t h i s  

t h e s i s  d i s c u s s e s  i n  some d e t a i l  t h e  n o t a b l e  s t r u c t u r a l  

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

F a n t  i ' a r l  F a u l t .  I t  i s  s u g g e s t e d  h e r e i n  t h a t  t h e  s t r u c t u r a l  

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

two a r e a s .

The a r e a  l y i n g  t o  t h e  w e s t  o f  t h e  l i a n t  h a r l  F a u l t  w i t h i n  

B lo ck  2 i s  n o t a b l e  f o r  t h e  a b s e n c e  o f  b e l t s  o f  o v e r t h r i s t s  

s i m i l a r  t o  t h e  B r y n t e g  O v e r t h r u s t . I t  i s  s u g g e s t e d  t h a t  

t h i s  b l o c k ,  c a p p e d  w i t h  a t h i c k  s e q u e n c e  o f  c o m p e t e n t  

. ^e n n an t  h e a s u r e s , was p r i m a r i l y  t h e  p o r t i o n  o f  t h e  c r i s t  

c o m p r e s s e d  b e t w e e n  t h e  V a le  o f  h e a t h  and  Tawe V a l l e y  

D i s t u r b a n c e s  as  d e s c r i b e d  e a r l i e r  i n  t h i s  c h a p t e r .  T h i s  

a r e a  moved r l .E .  b e t w e e n  t h e  two G a l e d o n o i d  d i s t u r b a n c e s

272  .
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b)  A s i m p l i f i e d  s e c t i o n  t h r o u g h  t h e  B r y n t e g  O v e r t h r u s t :  an
e x a mp l e  o f  an i m b r i c a t e  f a n .
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a c t i n g  a s  a  r i g i d  b l o c k  and b e h a v i n g  i n  t h e  m anner  o f  a  

r a m ,  d r i v i n g  t h e  a r e a  b ey o n d  t h e  N a n t  l i a r l  F a u l t  b e f o r e  i t .

The a r e a  t o  t h e  e a s t  o f  t h e  l i a n t  M a r l  F a u l t  h a s  o n l y  a  

l i m i t e d  a n d  t a n e r i n g  c r o p  o f  P e n n a n t  d a n d s t o n e  c o v e r .  I t  

i s  s u g g e s t e d  t h a t  t o d a y ' s  d i s t r i b u t i o n  o f  t h e  P e n n a n t  

M e a s u r e s  i s  e s s e n t i a l l y  t h e  same i n  t h i s  a r e a  a s  d u r i n g  t h e  

A r m o r i c a n  O r o g e n y .  Such  a n  a s s e r t i o n  i s  n o t  o n l y  s u g g e s t e d  

by t h e  s t r u c t u r a l  e v i d e n c e  f r o m  w i t h i n  t h i s  a r e a ,  b u t  a l s o  

e l s e w h e r e  on  t h e  C o a l f i e l d .  To t h e  e a s t  a r o u n d  Tower 

C o l l i e r v  t h e r e  i s  s e v e r e  i n c o m p e t e n t  d e f o r m a t i o n  o f  t h e  S i x  

F e e t  Seam w h i c h  i s  l i m i + e c  t o  t h e  a r e a  o f  t h e  seam now 

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

f ro m  v a r i o u s  g e o m o r n h o l o g i c a l  i m p l i c a t i o n s  t h i s  p r o p o s i t i o n  

s u g g e s t s  t h a t  t h e  a r e a  a r o u n d  t h e  V a le  o f  F e a t h  may h a v e  

c o n t i n u e d  a s  a  p o s i t i v e  a r e a  t h r o u g h o u t  t h e  U p p e r  V e s t P h a l i a n  

r e s u l t i n g  i n  t h e  n o n - d e n o s i t i o n  o f  t h e  P e n n a n t  M e a s u r e s .

B e c a u se  a v e r y  l i m i t e d  c ap  o f  r i g i d  P e n n a n t  S a n d s t o n e  was 

p r e s e n t  t h e  m e a s u r e s  w ere  a b l e  t o  o v e r - r i d e  e a c h  o t h e r .  T h u s ,  

t h i s  P o r t i o n  o f  t h e  c o a l f i e l d  was d r i v e n  f o r w a r d s  b e t w e e n  t h e  

two G a l e d o n o i d  d i s t u r b a n c e s ,  r i d i n g  o n  t h e  B r y n t e g  O v e r t h r u s t .  

The B r y n t e g  O v e r t h r u s t  d e v e l o p e d  a l o n g  t h e  p a r t  o f  t h e  

s e q u e n c e  w h i c h  c o n t a i n e d  t h e  g r e a t e s t  c o n c e n t r a t i o n  o f  

i n c o m p e t e n t  b e d s  i n  t h e  fo rm  o f  t h i n n l y  b e d d e d  f i n e - g r a i n e d  

m u d s t o n e s ,  t h i c k  c o a l  seams and  t h i c k  s e a t e a r t h s ,  i . e .  f r o m  

t h e  o e v e n  F e e t  Beams u p  t o  t h e  H a r n l o  Beam. The o v e r t h r u s t  

c o n t i n u e d  t o  a f f e c t  t h e  m e a s u r e s  t o  ab o v e  t h e  Red V e i n .  The 

e f f e c t  o f  t h e  o v c r t h r u s t i n g  and  o v e r t h i c k e n i n g  o f  t h e  s t r a t a  

i s  r e f l e c t e d  i n  t h e  n a r r o w  s t r i p  o f  P e n n a n t  s a n d s t o n e s  w h ic h
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njre r r e s e n t  i n  t h e  fo rm  o f  a  b r o a d  a n t i c l i n e .  Note  t h a t  

a l t h o u g h  many o f  t h e  i n d i v i d u a l  o v e r t h r u s t s  a r e  b l i n d  t h e  

t o t a l  d i s p l a c e m e n t  i n  t h e  v i c i n i t y  o f  t h e  N in e  F e e t  Seam 

and t h e  Red V e in  i s  o f  t h e  same o r d e r :  t h i s  i s  i n  t o t a l  

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

s t r u c t u r e s  w h i c h  d i e  o u t  u p w a r d s .

The d e t a i l s  o f  t h i s  e x a m p le  o f  an  i m b r i c a t e  f a n  v a r y  f ro m  

t h e  d e s c r i p t i o n  o f  a t y i c  "1 f a n  o f  Boy o r  and  E l l i o t t .  No 

chan g e  h a s  b e e n  o b s e r v e d  i n  t h e  d i p  o f  b l i n d  t h r u s t s  and  

e m e r g e n t  th im . i s t s .  The p r i n c i p a l  t h r u s t  p l a n e s ,  i n c l u d i n g  

t h e  s o l e  t h r u s t  a r e  e m e r g e n t  o v e r  p a r t  o f  t h e i r  l e n g t h  and 

b l i n d  f o r  t h e  c e n t r a l  p a r t .  No d i f f e r e n c e  h a s  b e e n  o b s e r v e d  

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

b l i n d  c o m p a re d  t o  t h e  s e c t i o n s  w h i c h  a r e  e m e r g e n t .  H ow ever ,  

t h e  t h r o w  d o e s  i n c r e a s e  w h e re  t h e  t h r u s t s  a r e  e m e r g e n t  

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

t h e  c o m p e t e n t  P e n n a n t  S a n d s t o n e s  a n d  p a r t i a l l y  t h e  e f f e c t  

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

The m e a s u r e s  b e lo w  t h e  B r v n t e g  O v e r t h r u s t  p r o b a b l y  r e m a i n e d  

f a i r l y  r i g i d  b u t  i t  i s  l i h e l ^  t h a t  some a d j p s t - e n t s  t o o k  

P la c e  a l o n g  t h e  T a n t  H a r l  and  P w l l a u  Bach F a u l t s .  B o th

t h e s e  c r o s s - f a u l t s  dow nth row  and  d i p  t o w a r d s  t h e  w e s t  and  

i t  seem s l i k e l y  t h a t  t h e  d i s p l a c e m e n t  o f  b o t h  f a u l t s  w-as 

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

P.<11au  Bach F a u l t  a c t e d  a s  a  m a j o r  b o u n d a r y  f e a t u r e  

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

g e n e r a t i o n  o f  t h e  B r y n t e g  O v e r t h r u s t :  t h e  p r e s e n c e  o f  b a c k -

a c t i n g  r o t a r y  f a u l t s  h a s  p r e v i o u s l y  b e e n  d e s c r i b e d  h e r e i n
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S t r u c t u r a l  o v e r t h i c k e n i n g  in t h e  l o w e r  m e a s u r e s  
r e s u l t s  in t e n s i o n  i n d u c i n g  b r i t t l e  d e f o r m a t i o n  
in a r i g i d  c o v e r  o f  P e n n a n t  S a n d s t o n e s .

W h e r e  t h e  P e n n a n t  S a n d s t o n e s  a r e  o f  l i m i t e d  e x t e n t  
t h e y  d r a p e  o v e r  t h e  s t r u c t u r a l  o v e r t h i c k e n i n g  
r e s u l t i n g  in a n t i c l i n a l  f o l d s ,  eg. o v e r  t h e  
B r y n t e g  O v e r t h r u s t .
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N o r t h - e a s t e r l y  m o v e m e n t  of t he  a r e a  to t h e  w e s t  
of  t h e  N a n t  M a r l  F a u l t  in B l o c k  II.
S o m e  a d j u s t m e n t  up t he w e s t e r l y  d i p p i n g  p l a n e  of 
t h e  N a n t  M a r l  F a u l t :  t h e  a d j u s t m e n t  is l i m i t e d  
b e c a u s e  of t h e  r i g i d  P e n n a n t  S a n d s t o n e  c o v e r .
T h e  f a u l t  b l o c k  i m m e d i a t e l y  to t h e  e a s t  of t h e  
N a n t  M a r l  f a u l t  is c o m p r e s s e d  i n d u c i n g  t h e  
B r y n t e g  O v e r  t h r u s t  a n d  o t h e r  c o m p r e s s i o n a l  
s t r u c t u r e s  w h i c h  l i f t  a n d  d e f o r m  t h e  l i m i t e d  
P e n n a n t  S a n d s t o n e  c o v e r .
T h e  u n r e s o l v e d  c o m p r e s s i o n  i n d u c e s  s o m e  a d j u s t m e n t  
up t h e  w e s t e r l y  d i p p i n g  P w l l a u  b a c h  F a u l t  r e d u c i n g  
i t ' s  t h r o w :  t h e r e  is a l s o  l i m i t e d  f o l d i n g  a n d
f a u l t i n g  of  t h e  m e a s u r e s  to t h e  e a s t  of t h e  P w l l a u  
B a c h  F a u l t .

Kev to A b b r e v i a t i o n s .
\'.M.F. N a n t  M a r l  F a u l t .  P . B . F .  P w l l a u  B a c h  F a u l t .  
B.C. B r y n t e g  O v e r t h r u s t . Figu re  6.24



i n  t h e  i n m e d i s t e  p r o x i m i t y  o f  t h i s  f a n I t  and  w h i l s t  t h e r e  

i s  some o v e r t h r u s t i n y  end f o l d i n g  i n  t h e  m e a s u r e s  t o  t h e  

e a s t  o f  t h e  P .v l la u  Bach F a u l t  t h e y  am oun t  t o  no more  t h a n  

i n c o m n e t e n t  s t r u c t u r e s .

The n a t t e r n  o f  f o l d s  s u n n c r t s  t h e  s t r u c t u r a l  s y n t h e s i s  

d e t a i l e d  a b o v e .  F o l d s  c a n  r a r e l y  be m a t c h e d  a c r o s s  t h e  

c r o s s - f u l t  and  when e x a m in e d  i n  d e t a i l  d i s n l a y  a  p a t t e r n  

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

B r o a d l y  s i m i l a r  n a t t e r n s  o f  f o l d s  may be  o b s e r v e d  i n  a d j a c e n t  

f a u l t  s t r i n s ;  b u t  when  e x a m in e d  i n  d e t a i l  i t  i s  u s u a l l y  

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

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

d e t a i l  i n  a d j a c e n t  f a u l t  s t r i n s .

I n  S t r u c t u r a l  B lo c k  1 ( F i g . 6 . 1 6 ( a ) ) t h e  f o l d s  a r e  p a r a l l e l  

t o  t h e  V a le  o f  H e a t h  D i s t u r b a n c e ,  a g a i n  i l l u s t r a t i n g  t h e  

n o r t h w a r d  d i r e c t e d  c o m n r e s s i o n  w h ic h  was l o c a l l y  m o d i f i e d  

and  r e s o l v e d  i n t o  a c o m n r e s s i o n  a t  r i g h t  a n g l e s  t o  t h e  

O a l e d o n o i d  d i s t u r b a n c e .

I n  o t î m u c t u r a l  B lo c k  2 t h e  p r i n c i p a l  f o l d  a x e s  a r e  p a r a l l e l  

t o  t h e  c r o s s - f a u l t s  ( s e e  F i g s .  3 . 5  and  3 . 6 )  a g a i n  s u p p o r t i n g  

t h e  c o n c e p t  t h a t  t h i s  b l o c k  was  c o m p r e s s e d  f ro m  t h e  o . . / .  

o e v e r a l  f o l d s  p a s s  l a t e r a l l y  i n t o  n o r m a l  f a u l t s  w h i l s t  

some o f  t h e  m a j o r  c r o s s - f a u l t s  h a v e  f o l d s  s u p e r i m p o s e d  u n o n  

them ( s e e  F i g s .  3 . 1 3  an d  3 . 1 5 ) .  T h i s  i n d i c a t e s  t e n s i o n  

and c o m p r e s s i o n  a c t i n g  i n  t h e  same d i r e c t i o n ,  a f e a t u r e  

w h i c h  m u s t  c l e a r l y  h a v e  t a k e n  ^ l a c e  a t  d i f f e r e n t  t i m e s  i n
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th e  o ro g en y .  I t  i s  s u g g e s t e d  h e re  t h a t  t h e  e a r l i e r  s t r e s s -  

f i e l d  was t e n s i o n a l ,  f o l l o w e d  l a t e r  by t h e  c o n g r e s s i o n a l  

Phase d e s c r i b e d  i n  d e t a i l  above .

0,5. 4  ' S l i d e  S t r u c t u r e s '

R e fe r e n c e  was made i n  t h e  p r e v i o u s  c h a p t e r  to  ' S l i d e  

S t r u c t u r e s '  ( s e e  P i g s .  5 .3  t o  5 . 7 ) .  I t  i s  a p p r o p r i a t e  t o  

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

p o i n t  b e c a u s e  t h e y  f u r t h e r  d e m o n s t r a t e  t h e  im p o r tan ce  of  

t h e  c r o s s - f a u l t s  i n  t h e  s t r u c t u r a l  h i s t o r y  o f  t h e  C o a l 

f i e l d  and t h e i r  e a r l y  f o r m a t i o n  w i t h i n  t h e  sequence  o f  e v e n t s

At Tower C o l l i e r y  ( see  P i g . 5 . 2  f o r  l o c a t i o n )  t h e  s t r u c t u r e s  

a r e  n o t  i n f l u e n c e d  by t h e  Vale of  H e a th  D i s t u r b a n c e  and th e  

c o m p r e s s i o n a l  f a u l t s  and f o l d s  l y i n g  b e tw een  t h e  c r o s s 

f a u l t s  a r e  g e n e r a l l y  a l i g n e d  e a s t - w e s t .  Th is  r e f l e c t s  t h e  

n o r th w a rd  d i r e c t e d  c o m p r e s s io n  a c t i n g  a lo n g  f a u l t  s t r i p s  

which a r e  t h e m s e lv e s  a l i g n e d  a p p r o x i m a t e l y  n o r t h - s o u t h :  

t h e r e  i s  no d e f l e c t i o n  o f  t h e  p r e s s u r e s  as  a  r e s u l t  o f  p r e 

e x i s t i n g  Caledono id  i n f l u e n c e s .

In  t h e  w o rk in g s  a t  t h e  s o u t h  m arg in  o f  Tower C o l l i e r y  t h e  

F e r n h i l l  S l i d e  i s  s i t u a t e d  i n  t h e  f a u l t  b l o c k  d e f i n e d  by 

t h e  Kirwaun Ho.2A F a u l t  i n  t h e  e a s t  and an u n -named c r o s s -  

f a u l t  i n  t h e  w e s t .  The t e r m i n a t i o n  o f  t h e  F e r n h i l l  S l i d e  

a g a i n s t  t h e  Hirwaun Fo.2A F a u l t  i s  s h a r p .  Beyond th e  

Hirv;aun Ho.2A F a u l t  i n  j u x t a p o s i t i o n  to  t h e  F e r n h i l l  S l i d e  

i s  a b e l t  o f  m u l t i p l e  o v e r t h r u s t i n g .  To t h e  s o u th  o f  t h e  

F e r n h i l l  S l i d e  i s  a f u r t h e r  b e l t  o f  l a r z e  o v e r t h r u s t s
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t r e n d i n g  e a s t - w e s t ,  i . e .  p a r a l l e l  t o  t h e  F e r n h i l l  S l i d e .

As n o t e d  i n  C h a n t e r  5 a  s i m i l a r  n a t t e r n  o f  o v o r t h r n s t s  

o v e r  t h e  t o o  o f  o t h e r  s l i d e  s t r i . i c h i r e s  h a s  b e e n  o b s e r v e d  

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

A lso  n o t e d  i n  C h a n t e r  5 a r e  a  n u m b er  o f  s i m i l a r i t i e s  b e t w e e n  

s l i d e  s t r u c t u r e s  and  l i s t r i c  f a u l t s .  T h i s  w r i t e r  i s  o f  t h e  

o p i n i o n  t h a t  s l i d e  s t r u . c h n r e s  a r e  d i s - s i m i l a r  t o  l i s t r i c  

f a u l t s  i n  t h a t  t h e  s l i d e s  h a v e  n o t  f o r m e d  ab o v e  h i g h l y  

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

H ow ever ,  t h e r e  i s  a  s e q u e n t i a l  r e l a t i o n s h i p  b e t w e e n  s l i d e s  

and o v e r t h r u s t s  w h i c h  i s  a l s o  t h e  c a s e  w i t h  l i s t r i c  f a u l t s  

( S h e l t o n ,  1 9 3 4 ) .

C l i d e  s t r u c t u r e s  a r e  u n l i k e l y  t o  be g r a v i t y  f e a t u r e s ,  n o r  

a r e  t h e y  r e l a t e d  t o  g r o w t h  f a u l t .  The F e r n h i l l  C l i d e  

f o rm e d  a f t e r  t h e  c r o s s - f a u l t s  and so  f o rm e d  i n  r o c k s  and 

n o t  i n  s e d i m e n t s .  I t  i s  s u g g e s t e d  h e r e ,  t h a t  t h e y  a r e  

s t r u c t u r e s  w h i c h  r e s u l t e d  f ro m  t h e  n o r t h w a r d  d i r e c t e d  

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

a s s o c i a t e d  w i t h  t h e  o v e r t h r ^ s t i n g .

The n o r t h w a r d  d i r e c t e d  o v e r t h r u s t i n g  was m a r t i a l l y  a c h i e v e d  

by t h e  n o r t h w a r d  s l i d i n g  o f  t h e  t l m s t  s h e e t s  o v e r  t h e i r  

l o w e r  n e i g h b o u r s  and  p a r t l y  by t h e  s o u t h w a r d  movement  o f  

t h e  u n d e r l y i n g  m e a s u r e s .  T h i s  s o u t h w a r d  movement  was  

a c h i e v e d  p r i n c i p a l l y  by m eans  o f  b e d d i n g  n l a n e  s l i n  and  

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

T h u s ,  t h e  movement  was a l o n g  P l a n e s  h a v i n g  a n  a l m o s t  

h o r i z o n t a l  d i s p o s i t i o n .
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Formation Of "Slide" Structures.

brth South

Pennant Sandstones.

\

N o r t h w a r d  d i r e c t e d  A r m o r i c a n  c o m p r e s s i o n  g e n e r a t e s  
o v e r t h r u s t i n g  at (a). M o v e m e n t  of the s t r a t a  takes place 
above and b e l o w  the t h r u s t  p l an e  i n d u c i n g  m o v e m e n t  at (b) 
and g e n e r a t i n g  a t e n s i o n a l  s t r e s s  field. T h es e  c o n d i t i o n s  
r e s u l t e d  in the f o r m a t i o n  of the " s lide" s t r u c t u r e  wi th  the 
s t r a t a  at (c) b e i n g  r o t a t e d .

Figu re  6.25



c c

Un-din  and to  t h e  n o r t h  t h i s  movement r e s u l t e d  i n  t e n s i o n  

v/bich c r e a t e d  f a u l t i n g  i n  a normal  s e n s e .  T h is  t e n s i o n  i s  

a l o c a l  f e a t u r e  w iu h in  a s t r e s s - f i e l d  which  i s  e s s e n t i a l l y  

c o m p r e s s i o n a l :  i t  s e r v e s  to  d e m o n s t r a t e  t h e  im p o r tan c e  o f  

n o t  o v e r - g e n e r a l i s i n g  and i l l u s t r a t e s  t h e  c o m p le x i ty  o f  

s t r e s s - f  i e l d s  i n  n a t i a r e . The m easu res  above th e  s l i d e  

s t r u c t u r e  and below t h e  o v e r t h r u s t s  h a v e ,  i n  s im u le  t e r m s ,  

a c t e d  as  an e l o n g a t e  r o l l e r  b e a r i n g :  a  s l i d e  s t r u c t u r e  has  

th e  appe.arance o f  a m a c r o - r o t a r y  f a u l t .

The s l i d e  s t r u c t u r e s  a r e  t h e r e f o r e  an i n t e g r a l  p a r t  o f  t h e  

s u r u c t u r a l  deve lopm ent  o f  t h e  a r e a  and o c c u r r e d  i n  r e s p o n s e  

to  t h e  p r i n c i p a l  i ' r m o r ic a n  c o m p re s s io n .

S t r u c t u r e s  i n  t h e  P e n n a n t  ""ensures

xut; b e h a v i o u r  o f  t h e  co m p e te n t  "^ennant. San d s to n e  sequence  

hr.îS been  s t n d i e u  i n  t h i s  t h e s i s  by u s i n g  t h e  e x t e n s i v e  

m in ing  r e c o r d s  o f  t h e  d o . 2 Rliondda Seam. The p a t t e r n  o f  

F a u l t s  and f o l d s  o b s e rv e d  a t  t h i s  h o r i z o n  i s  markedly  

d i f f e r e n t  t o  t h e  lo w er  two seam datums as  d e s c r i b e d  i n  d e t a i l  

i n  unaPuer  3 . Hov/ever, t h e  d i f f e r e n c e s  a r e  p r i m a r i l y  a 

r e s u l t  o f  t h e  e n g i n e e r i n g  p r o p e r t i e s  o f  t h e  m easures  and 

t h e  f a u l t  p a t t e r n  i n  t h e  H o ,2 Rliondda Seam c o n f i rm s  th e  

s t r u c t u r a l  e v o l u t i o n  d e s c r i b e d  above .

B re s e n t  a t  t h e  Ho.2 Rhondda Seam h o r i z o n  a r e  t h e  normal 

c r o s s - f a u l t s  so common i n  t h e  C o a l f i e l d .  T h e i r  e a r l y  

- o r m a t i o n  i s  a g a i n  e v i d e n t  i n  t h e  manner i n  which t h e y  

s e p a r a t e  a r e a s  as  where t h e  gsblog^T v a r i e s .  ÎJar^p f a u l t s , f o l d s
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and f l e x u r e s  i n  t h e  m e a s u r e s  t e r m i n a t e  a g a i n s t  c r o s s - f a u l t s  

( s e e  F i g . d . T j .  The b e h a v i o u r  o f  t h e  ITant T h r  1 F a u l t  a s  an  

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

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

To t h e  w e s t  o f  t h e  N an t  id a r l  F a u l t  i s  t h e  r i g i d  b l o c k  w h i c h  

h a s  moved N . E a s t w a r d s .  The c o m p e t e n c e  o f  t h e  m e a s u r e s  

and t h e  r i g i d i t y  o f  t h i s  b l o c k  a r e  r e f l e c t e d  i n  t h e  num ber  

o f  f a u l t s  p r e s e n t .  An a r t  f rom  t h e  c r o s s - f a u l t s  t h e r e  i s  

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

t h e  N a n t  h a r l  F a u l t .  T h e r e  a r e  a  s m a l l  nu m b er  o f  n o r m a l  

f a u l t s  o f  s m a l l  d i s p l a c e m e n t  w h i c h  b e l o n g  t o  t h e  c o n j u g a t e  

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

u a r t n e r .

The r e m a i n i n g  n o r m a l  f a u l t s  t r e n d  e a s t - w e s t :  a  t r e n d  w h i c h  

Owen s u g g e s t s  i s  Idioc e n e  ( Owen 1 9 5 3 ) .  T h e s e  f a u l t s  a r e  

l i m i t e d  t o  t h e  e a s t e r n  m a r g i n  o f  t h i s  a r e a ,  i . e .  i n  t h e  

v i c i n i t y  o f  t h e  N a n t  h a r l  F a u l t .  They a r e  p r o b a b l y  

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

^ b n i a n t  S a n d s t o n e  o v e r  t h e  o v e r - t h i c k e n e d  l o w e r  C o a l  

h e a s u r e s : t h i s  i s  d i s c u s s e d  b e l o w .

O v e r t h r u s t i n g  i s  p r e s e n t  a t  t h i s  h o r i z o n  b u t  w i t h  o n l y  a  

few e x a m p l e s :  t h e  two t r e n d s  p r e s e n t  a r e  .N . . ; .  -  E . o . E .  

and IT -  3 .  The f o r m e r  r e p r e s e n t  o v e r - r i d i n g  o f  b e d s  a s  a  

r e s u l t  o f  t h e  l a t e r a l  movement o f  t h i s  r i g i d  b l ^ c k .  The 

N -  3 o v e r t h r u s t s  h a v e  a  v e r y  s i n u o u s  t r a c e  and  a r e  

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

They p r o b a b l y  r e p r e s e n t  c r u m p l i n g  o f  t h e  s t r a t a  a s  a  r e s u l t

2 7 9



o f  l o c a l i s e d  c o m p r e s s i o n  due  t o  t h e  l a t e r a l  movement  o f  

t h i s  b l o c k ,  i . e .  t h e y  a r e  i n c o m p e t e n t  s t r u c t u r e s .  I t  i s  

i m p o r t a n t  t o  n o t e  how l i t t l e  o v e r t h r u s t i n g  i s  p r e s e n t  and  

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

w h i c h  i n d i c a t e s  t h e  r i g i d i t y  o f  t h i s  b l o c k .  I t  i s  a l s o  

s i g n i f i c a n t  t h a t  t h e  o v e r t h r u s t s  h a v e  d e v e l o p e d  w h e re  t h e r e  

i s  a  t h i c k  r e m n a n t  m u d s to n e  b e t w e e n  t h e  N o . 2 R hondda  beam 

and  t h e  o v e r l y i n g  t h i c k  s a n d s t o n e  s e q u e n c e ,  s u g g e s t i n g  an  

e l e m e n t  o f  l o c a l i s e d  i n c o m p e t e n t  a d j u s t m e n t .

To t h e  e a s t  o f  t h e  N a n t  K a r l  F a u l t  t h e  c r o s s - f a u l t s  a r e  

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

o f  n o r m a l  f a u l t s  t r e n d i n g  N -  3 and E -  W. The m a n n e r  i n  

w h i c h  t h e y  t e r m i n a t e  a g a i n s t  e a c h  o t h e r  ( s e e  F i g . ? . 7 and  

d i s c u s s i o n  i n  C h a p t e r  3 ;  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e y  

fo rm e d  w i t h i n  t h e  same t e n s i o n a l  Phase- .  The d e v e l o p m e n t  

o f  i n c o m p e t e n t  s t r u c t u r e s  and m a j o r  o v e r t h r u s t s  i n  t h e  C o a l  

Keu s u r e s  l y i n g  b e n e a t h  t h e  P e n n a n t  o a n d s t o n e  c a p  m u s t  h a v e  

g e n e r a t e d  t e n s i o n a l  P r e s s u r e s  w i t h i n  t h i s  r i g i d  b l o c k  a s  

i t  was  u p l i f t e d  ab o v e  t h e  s t r u c t u r a l l y  o v e r t h i c k e n e d  l o w e r  

m e a s u r e s .  T h i s  r e s u l t e d  i n  t h e  b r i t t l e  d e f o r m a t i o n  o f  t h e  

P e n n a n t  C a n d s t o n e s  g e n e r a t i n g  t e n s i o n a l  f a u l t s  on  t h e  

N -  3 a n d  E -  P t r e n d s .  A l t h o u g h  t h e  t r e n d  o f  t h e s e  f a u l t s  

does  n o t ,  a t  f i r s t ,  a p p e a r  t o  be / o fm o r i c a n ,  t h e y  a r e  

.A rm or ican :  t h e  r e s u l t  o f  t h i s  t e n s i o n a l  P r e s s u r e  due t o  

p p l i f t .  The same m ech an ism  i s  ^ r o p o s e d  f o r  E -  P t r e n d i n g  

n o r m a l  f a u l t s  l y i n g  i m m e d i a t e l y  t o  t h e  w e s t  o f  t h e  N a n t  

K a r l  F a u l t .  B e c au se  o f  t h e  w e s t e r l y  d i p  o f  t h e  N a n t  K a r l  

F a u l t  t h e  s t r u c t u r e s  o c c u r  v e r t i c a l l y  above  c o m p r e s s i o n a l  

s t r u c t u r e s  w h i c h  a r e  on t h e  e a s t e r n  s i d e  o f  t h e  N a n t  K a r l  

F a u l t  a t  d e p t h .
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E l s e w h e r e , w h e r e  t h e  r i g i d  P e n n a n t  S a n d s t o n e  c a p  h a d  a  

v e r y  l i m i t e d  g e o g r a p h i c  e x t e n t  i t  a r c h e d  a n d  s a g g e d  a s  a  

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

o f  t h e  r i g i d  c a n  was i n s u f f i c i e n t  t o  f o r m  a  s t r u c t u r a l  

u n i t  o f  s u f f i c i e n t  s t r e n g t h  and  r i g i d i t y  t o  P r e v e n t  t h e  

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

a n t i c l i n e  o b s e r v e d  i n  t h e  v i c i n i t y  o f  g r i d  l i n e  3H 284CC0ÎI, 

t h e  a r c h i n g  b e i n g  i n  r e s p o n s e  t o  t h e  B r y n t e g  O v e r t h r u s t .

The o n l y  n o t a b l e  o v e r t h r u s t s  a t  t h i s  l e v e l  i n  a r e a  t o  t h e  

e a s t  o f  t h e  N a n t  K a r l  F a u l t  a r e  an  18m o v e r t h r u s t  t r e n d i n g  

3 . 3 . N .  -  IT.N.E .  and  a  15m o v e r  t h r u s t  t r e n d i n g  a l m o s t  N -  3 .  

N e i t h e r  t r e n d  i s  one  w h i c h  i s  common t o  o v e r t h r u s t i n g  

w i t h i n  t h i s  a r e a .  The N -  3 t r e n d i n g  o v e r t h r u s t  h a s  a 

f a i r l y  l a r g e  t h r o w  and  s t r a i g h t  t r a c e  and  i s  i n  m ark ed  

c o n t r a s t  t o  t h e  N -  3 o v e r t h r u s t i n g  o b s e r v e d  i n  t h e  N o .2 

Rhondda Seam w e s t  o f  t h e  N a n t  I ' a r l  F a u l t .

The 3 . 3 . 3 .  -  N .N .E .  t r e n d  i s  a common one f o r  n o r m a l  f a u l t s  

i n  t h i s  a r e a ,  b e i n g  one  o f  t h e  c o n j u g a t e  p a i r  a l l i e d  t c  t h e  

c r o s s - f a u l t s .  The N -  3 o v e r t h r u s t  i s  a  n o r t h w a r d  

c o n t i n u a t i o n  o f  t h e  Dip F a c h  F a u l t :  one o f  t h e  c r o s s - f a u l t s  

i n  t h i s  a r e a .  The m o s t  l i k e l y  e x p l a n a t i o n  f o r  b o t h  o v e r 

t h r u s t s  i s  t h a t  t h e y  a r e  r e - a c t i v a t e d  n o r m a l  f a u l t s .  A 

m a j o r i t y  o f  t h e  n o r m a l  i n  t h i s  a r e a  d i n  t o w a r d s  t h e  w e s t :  

t h e  D ip  F a c h  F a u l t  b e i n g  one s u c h  f a u l t .  The f o r m a t i o n  o f  

t h e  two o v e r t h r u s t s  d e s c r i b e d  h e r e  i s  m o s t  r e a s o n a b l y  

e x p l a i n e d  by t h e  o v e r - r i d i n g  o f  m e a s u r e s  u p  p r e - e x i s t i n g  

w e s t e r l y  d i p p i n g  P l a n e s  w h i c h  w e re  P r e v i o u s l y  n o r m a l  f a u l t s  

t h e  movement was  a  r e s u l t  o f  c o m p r e s s i o n  i n d u c e d  by t h e
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N .E a s t e r l y  c o m p r e s s i o n  o f  t h i s  s t r u c t u r a l  b l o c k .

I t  i s  s u g g e s t e d  h e r e ,  t h e r e f o r e ,  t h a t  a l l  t h e  s t r u c t u r e s  

o b s e r v e d  i n  t h e  H o . 2 R hondda  3eam w i t h i n  t h i s  a r e a  c a n  be 

e x p l a i n e d  by  means o f  A r m o r i c a n  m o v e m e n ts .  Some o f  t h e  

a p p a r e n t l y  a n o m a lo u s  s t r u c t u r e s  a r e  a r e s u l t  o f  l o c a l

c o n d i t i o n s  w h i c h  c a n  be r e a s o n a b l y  e x p l a i n e d  a s  p a r t  o f  t h e

J i r m o r i c a n  m ovem ents  by a  d e t a i l e d  a n a l y s i s  o f  t h e  a r e a .

5 S y n t h e s i s

The a r e a  s t u d i e d  v / i t h i n  t h i s  t h e s i s  s e r v e s  t o  i l l u s t r a t e  

t h e  s t r u c t u r a l  e v o l u t i o n  o f  t h e  S o u t h  H a l e s  C o a l f i e l d .  The 

Vole  o f  H e a t h  and Tawe V a l l e y  D i s t u r b a n c e s  a r e  o l d e r  

d i s t u r b a n c e s  p r o b a b l y  c o n t r o l l e d  by b a s e m e n t  C a l e d o n i a n  

s t r u c t u r e s :  t h e y  w e re  b o t h  a c t i v e  d u r i n g  . . e s t p h a l i a n  

s e d i m e n t a t i o n  when  t h e y  w e re  p o s i t i v e  a r e a s .  Both  b e l t s  o f

d i s t u r b a n c e s  w e r e  i n  e x i s t e n c e  a t  t h e  commencement  o f

A r m o r i c a n  a c t i v i t y  s u c h  t h a t  t h e  C o a l f i e l d  v;as d i v i d e d  i n t o  

t h r e e  s t r u c t u r a l  u n i t s .  E a c h  o f  t h e s e  t h r e e  u n i t s  was a b l e  

t o  r e s p o n d  t o  t h e  A r m o r i c a n  e a r t h  m ovem ents  w i t h  a  d e g r e e  o f  

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

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

s u b j e c t e d  t o  t h e  n o r t h w a r d  d i r e c t e d  A r m o r i c a n  c o m p r e s s i o n ,  

s q u e e z i n g  t h e  C o a l f i e l d  a g a i n s t  t h e  r i g i d  C e n t r a l  H a l e s  

K a s s i f .  B e c a u s e  o f  t h e  i n d e p e n d e n c e  o f  t h e  s t r u c t u r a l  u n i t s  

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

N orm al  c r o s s - f a u l t s  f o rm e d  e a r l y  i n  t h e  o r o g e n y  e i t h e r  i n  

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

a p p r o x i m a t e l y  E -  W t e n s i o n  o r  a s  a  r e s u l t  o f  t e n s i o n  c r e a t e d
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by o r o g e n i c  u n l i f t . The c r o s s - f a u l t s  s u b - d i v i d e d  e a c h  o f  

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

s t r i p s  a l i g n e d  a p p r o x i m a t e l y  IT -  3 .

The c o a l f i e l d  was  t h e n  i n f l u e n c e d  by t h e  n o r t h w a r d  d i r e c t e d  

A r m o r i c a n  c o m p r e s s i o n  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  manjT 

c o m p r e s s i o n a l  s t r u c t u r e s .  On t h e  m a c r o - s c a l e  S t r u c t u r a l  

B lo c k  g ( F i g . 6 , 1 6 )  was  s q u e e z e d  a g a i n s t  t h e  C e n t r a l  H a l e s  

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

h a v i n g  a t r e n d  p a r a l l e l  t o  t h e  C a l e d o n o i d  g r a i n  o f  t h e  

m a s s i f .

S t r u c t u r a l  B lo c k  2 was c o m p r e s s e d  r e s u l t i n g  i n  t h e  ÎT. 

E a s t w a r d  movement o f  t h i s  p o r t i o n  o f  t h e  c r u s t . The a r e a  

t o  t h e  w e s t  o f  t h e  N an t  K a r l  F a u l t  b e h a v e d  a s  a  f a i r l y  

r i g i d  b l o c k  d r i v i n g  t h e  o u t e r  P o r t i o n  o f  t h e  c o a l f i e l d  

b e f o r e  i t .  The a r e a  t o  t h e  e a s t  o f  t h e  N an t  l*.arl F a u l t  

r o d e  f o r w a r d s  o n  an  i m b r i c a t e  f a n  t h r u s t  s y s t e m ,  t h e  

B r y n t e g  C v e r t l m u s t ,  w h ic h  was  a b l e  t o  d e v e l o p  b e c a u s e  o f  

t h e  l a c k  o f  a  c o n f i n i n g  c o v e r  o f  r i g i d  P e n n a n t  K e a s u r e s ,  

The v e r y  l i m i t e d  d e v e l o p m e n t  o f  P e n n a n t  M e a s u r e s  w h i c h  

w e re  p r e s e n t  a r c h e d  o v e r  t h e  u n d e r l y i n g  s t r u c t u r a l  o v e r 

t h i c k e n e d  l o 7 ; e r  m e a s u r e s .  As a  r e s u l t  o f  t h i s  movement 

t h e r e  was a  s i g n i f i c a n t  t e a r i n g  movement  a l o n g  t h e  Y a le  o f  

N e a t h  a n d  Tawe V a l l e y  D i s t u r b a n c e s :  t h e  movement  was 

d e x t r a l  a l o n g  t h e  f o r m e r  and s i n i s t r a l  a l o n g  t h e  l a t t e r  

d i s h ; r b a n c o  .

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

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

c o m p r e s s i o n a l  s t r u c t u r e s  a r e  g e n e r a l l y  a l i g n e d  S -  W, b u t  

a r e  p a r a l l e l  t o  t h e  C a l e d o n o i d  d i s t u r b a n c e s  i n  t h e  v i c i n i t y  

o f  them  a s  a r e s u l t  o f  t h e i r  i n f l u e n c e  u P o n  t h e  b e h a v i o u r  

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

r e s u l t e d  i n  overthrusting i n  w h ic h  both t h e  m e a s u r e s  above  

and b e lo w  t h e  t h r u s t  Plane m oved .  T h i s  c r e a t e d  a l o c a l i s e d  

t e n s i o n a l  field u p - d i p  and  t o  t h e  north o f  t h e  o v e r t h r u s t i n g  

r e s u l t i n g  i n  s l i d e  structures.

I n  S t r u c t u r a l  B lo c k  2 t h e  c o m p r e s s i o n  was t o w a r d s  t h e  N .E .  

r e s u l t i n g  i n  s t r u c t u r e s  s u c h  a s  t h e  B r y n t e g  O v e r t h r u s t .

T h i s  c o m p r e s s i o n  a l s o  r e s u l t e d  i n  f o l d i n g  p a r a l l e l  t o  and 

o f t e n  s u p e r i m p o s e d  u p o n  the c r o s s - f a u l t s , i . e .  t h e  e a r l i e r  

d i r e c t i o n  o f  p r i n c i p a l  t e n s i o n .  I t  i s  l i k e l y  t h a t  t h e  

t h r o w  o f  some o f  t h e  w e s t e r l y  d i p p i n g  c r o s s - f a u l t s  was 

r e d u c e d  a t  t h i s  s t a g e .

h a s s  movement  o f  t h e  c o m p e t e n t  "^ennant  M e a s u r e s  o v e r  t h e  

l o w e r ,  l e s s  c o m p e t e n t  G oal  M e a s u r e s  was  a c h i e v e d  by 

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

s l i p .  T h i s  movement  g e n e r a t e d  many i n c o m p e t e n t  s t r u c t u r e s  

i n  t h e s e  l o w e r  m e a s u r e s  w h i c h  h a v e  a l i g n m e n t s  n o t  o b v i o u s l y  

.A rm or ican .  .Vhere t h e  p r e s s u r e s  a c t e d  P a r a l l e l  t o  t h e  

c r o s s - f a u l t s  t h e  l a t t e r  d e v e l o p e d  a  t e  f i r i n g  c o m p o n e n t .

T h e re  t h e  p r e s s u r e s  a c t e d  a t  r i g h t  angles t o  or o b l i q u e l y  

t o  t h e  c r o s s - f a u l t s  t h e  l a t t e r  becam e d i s t o r t e d  and  t h e i r  

l o w e r  portions t o o k  o n  a much l o w e r  d i n ,  i . e .  t h e y  became 

l a g  f a u l t s . E l s e w h e r e  t h e  o b l i q u e l y  a c t i n g  p r e s s u r e s  

g e n e r a t e d  s e c o n d a r y  c o m p r e s s i o n  f i e l d s  r e s u l t i n g  i n  r o t a r y  

f a u l t s .
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The c o m p e t e n t  P e n n a n t  M e a s u r e s  d e f o r m e d  by b r i t t l e  

f r a c t u r i n g  a s  t h e  l o w e r  m e a s u r e s  became o v e r t h i c k e n e d  due 

to  t h e  s t r u c t u r a l  a c t i v i t y  r e s u l t i n g  i n  E -  H and  H -  3 

n o r m a l  f a u l t s .  As a r e s u l t  o f  t h e  H . E a s t w a r d s  movement

i n  s t r u c t u r a l  B l o c k  2 some n o r m a l  f a u . l t s became r e v e r s e d  

f a u l t s .  The s t e e p e r  d i p  o f  n o r m a l  f a u l t  p l a n e s  was 

g e n e r a l l y  p r e s e r v e d  by t h e  c o m p e t e n t  n a t u r e  o f  t h e  m e a s u r e s .

In  P o s t - L i a s s i c  t i m e s  t h e r e  was  l i m i t e d  a d d i t i o n a l  movement  

a l o n g  t h e  c r o s s - f a u l t s  and  some now e x t e n d  b e y o n d  t h e  G oa l  

Mens u r e s  t o  a f f e c t  t h e  T r i a s s i c  and  L i a s s i c  b e d s  w h i c h  

o v e r s t e p  th e m  a l o n g  t h e  .S o u th -G ro p .

Movement a l o n g  t h e  Yale  o f  N e a t h  and  Tawe V a l l e y  D i s t u r b a n c e s  

c o n t i n u e d  t h r o u g h o u t  t h e  S e s t p h a l i a n  s e d i m e n t a t i o n  a n d  t h e  

A r m o r i c a n  o r o g e n y .  F u r t h e r  movement may h a v e  t a k e n  Place 
a l o n g  t h e s e  d i s t u r b a n c e s  i n  s u b s e q u e n t  t i m e s ,  p o s s i b l y  e v e n  

as l a t e  a s  t h e  H e o g e n e .
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R e f e r e n c e s

2 • Plans of Abandoned Coal Seam Workings

Colliery Se a m . Ref.No D a t e .*

Aber per giAim

B l a e n g w r a c h

British Rhondda

Brynteg 
Brynteg No.l

Cefn Coed

Crynant

Crynant 0/C** 

CiAimgwr ach

Nine Feet 
Six Feet
Red Seam,Nine Feet 
Bute
Nine Feet 
Six Feet 
Bute
Lower Four Feet
Red Seam
Six Feet
Six Feet
Bute
Six Feet
Nine Feet
Lower Four Feet
Red Seam
Nine Feet
Six Feet
Red Seam
Nine Feet
Nine Feet
Six Feet,Red Seam
Red Vein
Red Vein
Red Vein
Lower Nine Feet
Bute
Lower Six Feet 
Upper Nine Feet 
Upper Six Feet 
Upper Nine Feet 
Upper Six F eet 
Bute
Upper Six Feet,Upper Nine 
Feet
No.2 Rhondda 
N o . 2 Rhondda 
No.2 Rhondda 
Red Vein 
No.2 Rhondda 
Nine Feet,Bute

4496 1902
5711 1910
9951 1927
SW141 1952.
SW349 1956
SW505 1959
SW424 1958
SW506 1960
SWA1023 1969
SWA2735 1981
SWA2736 1981
SWR2927 1981
SWR2936 1983
SWA3107 1985
SWA3108 1985
SWR752 1966
SWA1405 1973
SWA2377 1980
SWA2827 1980
SWA2845 1983
7794 1924
12305 1938
3220 1892
SW63 1950
SW250 1954
13976 1945
14531 1948
SW21 1950
SW105 1951
SW285 1956
SWR785 1967
SWR875 1968
SWR876 1968

SWR1716 1968
9257 1927
SW282 1927
SWR1718 1953
5WR283 1953
SW292 1956
SWR2312 1980

*Date of abandonment- of workings.
**Opencast Coal Site.
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Colliery. Seam. Ref.No. Date

CiAjm Rhyd-y-Gau Lower Seven Feet/Upper Five 
Feet Seam,Bute,Nine Feet 9036 1940
Nine Feet,Red Seam 12887 1943
Six Feet 13465 1943

Dan-y-Graig No.2 Rhondda SW642 1964
Diamond Bute,Upper Red Seam,Lower 

Six Feet 11506 1935
Lower Six F eet 11507 1935

Dillwyn Red Vein 12920 1941
Dillwyn N o .2 Red Vein SWR751 1966
Drym 0/C Red Seam,Six Feet,Lower 

Four Feet,Upper Four Feet, 
Lower Two Feet Nine,Upper 
Two Feet Nine SWR2353 1977

Drym Extension 0/C As for Drym SWR2364 1979
Empire Bute,Nine Feet,Six Feet 

Upper Four Feet 11836 1911
Nine Feet SWR2989 1983

Gurnos Lower Four Feet 8582 1922
Lower F our F eet SWR1553 1922
Bute,Nine Feet 9630 1928

Ivy Rock No2. Rhondda SW2066 1972
L liAiy non No.2 Rhondda 10736 1964

No.2 Rhondda SW657 1964
No.2 Rhondda SWR1719 1964

Maesgwyn Cap 0/C Nine Feet,Red Seam,Six Feet
Lower Four Feet,Upper Four 
Feet,Lower Two Feet Nine, 
Upper Two Feet Nine,Red SWR2125 1973
Vein SWR2124 1975

Morgan Varteg Red Vein SW283 1982
MeiAi Ynyscu Welsh Vein SW43 1950

Lower Pinchin SW58 1951
Upper Pinchin SW811 1966
No.2 Rhondda SW1043 - 1971

Oaktree Red Vein SW1269 1974
Onllwyn No.l Nine Feet SW61 1951

Bute SW133 1951
Upper Seven Feet SW150 1953
Six F eet SW404 1959
Red Seam SWR750 1964

Onllwyn No.2 Red Seam 10055 1930
Six Feet 10056 1930
Nine Feet 13299 1942

1 Upper Seven Feet 13941 1943
Bute 13988 1945
Lower F our Feet SW236 1954
Six Feet SW517 1960
Red Seam SW534 1960
Six Feet SW535 1961
Bute SW561 1962
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Colliery. Seam. Ref.No. Date.

P e n t r e c 1 w y d a u Red Seam SW700 1966
Bute,Nine Feet,Red Seam SWA759 1967

PwlIbach,Old Red Vein 8587 1905
Pwllbach,Betting Red Vein SWR671 1966
Resolven,Ffaldydre No.l Rhondda 11804 1936
Rhigos No.l Bute SW394

1 Nine Feet SW481 1960
Rhigos No.6 Nine Feet SW293 1955

Bute SW249 1956
Rhigos No.7 

1 Rhigosl919
Six Feet
Upper Five Feet/Lower

SWR701 1965

Seven feet Seam SW340 1955
Rock Bute,Nine Feet 10996 1932

Nine Feet 12870 1943
Bute 13487 1943
Nine Feet SW425 1959
Bute SW503 1961
Nine Feet SW2930 1981
Upper Seven Feet SW2935 1981

Seven Sisters Nine Feet,Lower Six Feet 10973 1884
Lower Six Feet 14355 1944
Bute SW134 1951
Nine Feet SW483 1959
Lower Six Feet SWR640 1960
Upper Six Feet SWr641 1963

^ Tareni Gleision Nine Feet SW214 1946
1 Red Seam 13082 1947

Bute SW194 1949
Tir Herbert Gorllwyn SWR1296 1958
TreForgan Red Vein SWA2502 1980
Upper Varteg Red Vein SW430 1959
Varteg Red Vein 5410 1901

Red Vein 10738 1932
Red Vein SWR670 1964

Wernplemis Nine Feet P12819 1872
Nine Feet,Lower Six Feet 123 1874
Upper Nine Feet SWR1551 1935

YnisariAied ^ No.l Rhondda 2885 1893
No.2 Rhondda 4437 1903
Red Seam
Nine Feet,Upper Six Feet,

10177 1929

Lower Four Feet 11344 1933
No.2 Rhondda 8049 1939
Bute 14129 1946
No.3 Rhondda 10173 1947
Nine Feet 5W20 1950
Six Feet SW171 1954
Rentre Rider SW241 1955

. Nine F eet SW242 1955
Yniscedwyn Bute 12563 1939

Nine Feet 13562 1943
Upper Six Feet SWA1078 1968

295.



Colliery Seam. Ref.No. Date

Ynyscu 
Ystalafera

Ystradgynlais

Red Vein 5786 1912
Nine Feet,Red Seam,
Lower Six Feet 9737 1928
Nine Feet 13630 1943
Bute SW64 1951
Upper Gellideg,Bute,Nine 
Feet,Lower Six Feet,Upper 
Six Feet,Red Seam,Lower 
Four Feet 
Bute,Nine Feet

SWR1539
12455

1957
1938
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