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F i g u r e 1,1, The c o a l f i e l d s of the four northern c o u n t i e s 

of England, 
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f i g u r e 1.2, A g e n e r a l i s e d sequence of the Durham Coal Measures 
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F i gur e 1.3. Comparative g e n e r a l i s e d s e c t i o n s of the c o a l f i e l d s 

of Cumberland, Midgeholme and Durham, 
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F i g u r e 1.4, Map of sampling l o c a l i t i e s of the s t r a t a of 

the Hopkins' Band and Three Quarter Band i n 

Northumberland and Durham, 

L o c a l i t y 1, - Longhurst D r i f t . Northumberland. 
2. - 2-J m i l e s n o r t h - e a s t of Bates P i t , B l y t h . 
3 . - Fenwick P i t , E a s t H o l y w e l l , Northumberlande 
4. - WardleyNo 1. P i t , F o l l o n s b y , Durham. 
5. - P e l t o n C o l l i e r y , Durham. 
6. - Bearpark C o l l i e r y , Durham. 
7. - Whitworth Opencast, Durham. 
8. - Dean and Chapter P i t , F e r r y h i l l , Durham* 
9. - Hedley Park D r i f t , Northumberland« 
10 - Chopwell E a s t D r i f t , Durham. 

l l r - T a n f i e l d Lea C o l l i e r y , Durham. 
12. - Washington F & J P i t , Durham. 
13. - Hylton C o l l i e r y , Durham. 
14. - ^ i l k s w o r t h C o l l i e r y , Durham. 
15. - Ryhope C o l l i e r y , uurham 
16. - Eden C o l l i e r y , Leadgate, Durham, 
17. - L a n c h e s t e r d r i f t , Durham, 
18. - Sherburn H i l l C o l l i e r y , Durham, 
19. - Eppleton C o l l i e r y , Durham. 
20, - Bowburn C o l l i e r y , Durham. 
21. - T u e r s d a l e C o l l i e r y , Durham. 
22. - F i s h b u r n C o l l i e r y borehole 36.S.B .5. 

23. - Durham Main C o l l i e r y , ( d i s u s e d ) , Durham, 
- Harton C o l l i e r y , South S h i e l d s , Durham. 

25. - Blaydon Burn Barlow D r i f t , Durham, 
26. - E a s t Walbottle C o l l i e r y , Northumberland, 

6. F i s h b u r n Borehole ( 6 ) , , Durham 
7. mm F i s h b u r n Borehole (7)», Durham, 
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5. 

F i g u r e 1 , 5 ,a. The l i t h o l o g i e s r e p r e s e n t e d on the v e r t i c a l 
s e c t i o n s on F i g u r e s l , 5 * b . , 1 . 6 . and 1,7» 
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6. 

_Figure 1 . 5• b. V e r t i c a l s e c t i o n s of the s t r a t a immediately 

above the Harvey - Beaumont Seam i n an 

approximately north to south d i r e c t i o n from 

Longhurst to F e r r y h i l l . ( As on F i g u r e l f4»J 

( Base of the columns i s the top of c o a l Seam) 



it III 
If mil i 

00 

- I l l ; i - - - : ^ ; : '> : \ ; 
: : • 1 • I • 

' • • • i . i . i . i • : . '•:• . 

1 il. 
• 1 ••• 
1 1 1: ill :l • 1 | , i 111 

I. I I H r • I 
i • . i I •• i l _ 

•3-1 
i i 

t ~ ~ t 
I • li • ' I l' I I I r I T H 

I I I I I i . | . | . 
i • i • i i • i 

I • I : I | I . . ; I I i i i i 11 
>H i I i i BY >'\ i 

I.I.I,>\<a i 
i 1 i 1 i 1 

I : i - . ; I 
• I I • T~ I T ' I V I ' I 1 

I : I ; I I I , I j .VfJWiH 
•i '• i ' i '• ' 1 i' • i • i~' I I I I T I ' I V . , 5 M 

> < 

•i ' ' f . ' - r ' , ' 
Wu-i 
i -+- i H H i 

I I I ! 1 , 1 1 1 1 1 1 1 — ! I I | 
y . v . v . ' i v . v > 

T — I ! I I 
I I i I I 00 

T ; I ' I , I ; I ; I • I 

: , ' . I . I ' - I I I I I I , 

I ; I ; I • I I 
I • • I ' | • 

i • i • i • i ' ' 
l ' : I • I • 11-L-+WI, SU-,UI!WH|!llipf]i i . 

: ; ; : : : ; ; : : : ^ K ' : i ! i l i ! i ! i T 7 T T T T T T T -
-i___L 

in 
O 
'in 

O O 
"(M 

'o 
"cm 



~7. 

F i g u r e 1»6. V e r t i c a l s e c t i o n s of s t r a t a immediately above 

the Townley-ttarvey Seam i n an approximately 

east-west d i e e c t i o n , from Hedley Park to Ryhope 

( L o c a l i t i e s as on F i g u r e 1.4) 
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Figure 1«7» V e r t i c a l s e c t i o n s of s t r a t a immediately above 

the Townley-Harvey Seam i n an approximately 

north-west to south-east d i r e c t i o n , from 

Chopwell to Eppleton, 

( L o c a l i t i e s as on F i g u r e 
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9 

Fig u r e 1,8. L i t h o f a c i e s map of the 3 f t . of r o o f s t r a t a of 

the Harvey-Beaumont Seam i n Northumberland and 

Durham. 

( The in f o r m a t i o n f o r t h i s map has been d e r i v e d 

from the sampling l o c a l i t i e s of F i g u r e 1,4. 

andexamination of 130 borehole r e c o r d s * ) 
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F i g u r e 1.9. Map showing the sampling l o c a l i t i e s of the 

ostracod-mussel band above the E i g h t e e n I n c h 

Seam of Cumberland. 

L o c a l i t y A. * Nelson Park P i t ( d i s u s e d ) , Broughton Moor 
B. «• Hennow H a l l Opencast S i t e , Cumberland* 
C. - Borehole nr. Branthwaite^ Cumberland. 
Do - Risehow No 10, underground borehole, Risehow 

C o l l i e r y , Maryport, Cumberland* 
E* - Crosby NO. 0. borehole, Crosby, Cumberland. 
F. - Crosby No, 7* borehole , Crosby, Cumberland. 
6* - B u l l g i l l S t a t i o n , Cumberland* ( Ostracod-

mussel band above L i t t l e Main Seam*) 

The numbered boreholes a r e thoee given by T a y l o r and C a l v e r ( l 9 6 l ) 
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F i g u r e 1.10, Comparative s e c t i o n s of ostracod-mussel bands 

e q u i v a l e n t to the Hopkins' Band i n Cumberland, 

Midgeholme and Durham, 

( L i t h & l o g i e s r e p r e s e n t e d as on F i g u r e 1,5»a.) 
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Comparative s e c t i o n s of the Three Quarter 

Band boreholes* 

The v e r t i c a l s e c t i o n of the Claxheugh She 

Bed, north bank of R i v e r Wear, opposite 

Claxheugh Rock!$ North Hylton, Sunderland, 

County Durham* 
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F i g u r e 2,1, V a r i a t i o n i n the genus C a r b o n i c o l a i n the Hopkins' 

Band. Form a i s C, venusta , 1~ C« o s l a n c i s t 

j_ & i - C. embletoni, f -C t cf« o s l a n c i s , n & o-

C. cf» b i p e n n i s , u - C« p e c t o r a t a , p_ & C a cf« 

communis t and r - C. eg. r h o m b o i d a l i s 9 

( The u n d e r l i n e d specimens are f i g u r e d on P l a t e s 

I & I I . The l o c a l i t i e s of the mussels a r e v a r i o u s 

so t h i s i s not a t r u e community pictogram, ) 
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F i g u r e 2.2. Graph of the dimension r a t i o s of C a r b o n i c o l a 

o s l a n c i s and r e l a t e d s p e c i e s . 

A/L = r a t i o a n t e r i o r to l e n g t h , 

H/L = r a t i o height to l e n g t h . 
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F i g u r e 2,3» V a r i a t i o n i n the genua Anth r a c o s i a i n tne Hopkins' 

Band* N - A, r e g u l a r i s , L & K - A« c f . ovum , 

I - A, c f t a q u i l i n a , and A - A, cf> r e t r o t r a c t a 

( Underlined specimens a r e f i g u r e d on P l a t e s 

I I & I I I . Not a community pictogram, l o c a l i t i e s 

v a r i o u s . ) 
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F i g u r e 2.4. V a r i a t i o n i n the genus N a i a d i t e s i n the 

Hopkins' Band. i - N» c f . t r i a n g u l a r i s a 

i i i - N» productus, v i i i - N, c f . aubtruncatua, 

i x - N» c f . quadratus , x i - N, c f . c a r i n a t u s 

x i i - N. c f . f l e x u o s u s » 

( Unde r l i n e d specimens are f i g u r e d on P l a t e s 

IV. Sci V , v , ) 
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Figure 2,g» V a r i a t i o n i n t h e genus Ant l i r a conama i n t h e 

Hopkins' Bando Form Z - A, c f a curtiata , 

Y - A. m o d i o l a r i s , U - A 0 w i l l i a m s c n i , 

and V - A. cf<» fugax. 

(Under l i n e d specimens are f i g u r e d on P l a t e V ) 
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F i g u r e 5<,1« Nomenclature of the a r e a s on the l a t e r a l s u r f a c e 

and f e a t u r e s r e l a t i n g to o r i e n t a t i o n and 

dimensions of a s t r a i g h t backed o s t r a c o d . R i g h t 

v a l v e , ( A f t e r Moore et a l 1 9 6 l , f i g . l 8 . ) 

Figu r e 3»2.«. Carapace nomenclature of a t y p i c a l s t r a i g h t 

backed ostracod* 

( A f t e r Moore et a l 196l, f i g . l 6 . ) 



Crustacea—Ostracoda 

dorsal 

length 

mid-dorsal 
anterodorsal posterodorsal 

dorsomedian 

mid postero mid antero median median median posterior anterior 

ventromedian postero axis 
ventral anteroventral 

mid-ventral 

v e n t r a l 

Shell Morphology—External Features 
hinge 

hinge line bulb 

bulb 
d o r s u m hinge 

h inge l ine 

t u b e r c u l a t e 
marginal 
s t ructure 

ridge 

X free edge 
velate ridge 

contact margin 
su lcus 

c r e s t 
contact margin 

lobe 

lateral s u r f o c e free edge 
marg ina l s u r f a c e 



L i n e drawings of the l e c t o t y p e s of Jonesina 

f a s t i g i a t a Jones and K i r k b y . x 73• approx« 

Specimens w i t h B r i t i s h Museum numbers* 



Jonesinq fqstiqiatq Jones and Kirkby 

Female B.M. 1 1 7 7 4 Male B.M. In 3 2 4 9 6 

left valve left valve 

1: 

dorsal view dorsal view 

ventral view ventral view 



F i g u r e 3»^» L i n e drawings of the l e c t o t y p e of G e i s i n a 

a r c u a t a Bean a x. 50. approx, a d u l t female* 

The i n t e r i o r view of the r i g h t v a l v e of 

female i s a specimen from above the F l o c k t o n 

C o a l of Y o r k s h i r e and not the lectotype© 



Geisina arcuatQ Bean 
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I: 

eft valve right valve 

dorsal view ventral view 

v.- < 

I 

interior right vafve 
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F i g u r e 3»5» The hinge of G e i s i n a a r c u a t a Bean, x 65 approx. 

The f u l l hinge i s drawn from the F l o c k t o n specimen 

of F i g e 3«^» w h i l e the t r a n s v e r s e s e c t i o n s a r e 

r e c o n s t r u c t e d from s e c t i o n e d specimens i n the 

G e i s i n a Band of Durham.(Plate X I I I , f i g s . 1 & 2) 

Fjgure 3•6« E x t e r n a l and i n t e r n a l moulds of dimorphic a d u l t 

specimens of G e i s i n a a r c u a t a Bean, from the G e i s i a a 

Band at Eppleton C o l l i e r y , Co. Durham, x: kO approx* 
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Fig u r e 3 » 7 • Graph of the height and l e n g t h dimensions of 

G e i s i n a a r c u a t a Bean and r e l a t e d s p e c i e s . 

Eppleton specimens and other authors* 

F i g u r e 3 « 8 . Frequency graph of the r a t i o of median to 

p o s t e r i o r t h i c k n e s s i n 1 8 0 specimens of G e i s i n a 

a r c u a t a , from Eppleton C o l l i e r y , Co. Burham. 
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Figu r e 3 » 9 « Freqtiency graph of the r a t i o pf p o s t e r i o r 

t h i c k n e s s (TP) to le n g t h ( L ) i n l 8 0 specimens 

of G e i s i n a a r c u a t a , from Eppleton, Co, Durham* 

Fi g u r e 5 » 1 0 > D i s t r i b u t i o n graph of the r a t i o p o s t e r i o r t h i c k n e s s 

to l e n g t h and height to length f o r 1 8 0 specimens 

of G e i s i n a a r c a a t a , from Eppleton, Co. Durham. 
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F i g u r e 3 > H » L i n e drawings of G e i s i n a subarcuata Jones* x kO approx 

F i g s , a & b are Neotypes i n Durham Palaeontology 

C o l l e c t i o n s , specimens c & d are i n p e r s o n a l 

c o l l e c t i o n s . A l l the specimens are from the 

Claxheugh S h e l l Bed , North Hylton , Sunderland, 

Co. DuQham. 



Geis ina subarcuatg Jones 

Female Male 

right valve b. left valve 

dorsal view d. dorsal view young male 

f&gBBwnwMTfWi 

ventral view f. ventral view young male 
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F i g u r e 5.1*t. L i n e drawing of Ca r b o n i t a c f . r a n k i n i a n a Jones and 

Kirkby* x .70 approx, '̂he four e x t e r n a l views a r e 

of a specimen from above the F l o c k t o n Coal o f 

Y o r k s h i r e and the i n t e r n a l mould from the G e i s i n a 

Band a t Ryhope C o l l i e r y , Co, Durham, 



Cordon/to c.f. rank/n/'ono 

right valve left VQ/V9 

< 

ventre/ view dorsal view 

internal mould 
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F i g u r e 3 « 1 5 » Graph of height and l e n g t h r e l a t i o n s h i p s i n 

C a r b o n i t a c f t r a n k i n i a n a and r e l a t e d s p e c i e s . 
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L i n e drawings of dimorphic forms of C a r b o n i t a 

h u m i l i s , x 6 3 approx. The f i g u r e d specimens a r e 

neotypes, l o c a l i t y and numbers as recorded i n 

the s p e c i f i c d e s c r i p t i o n ^ 
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F i g u r e 3 , 1 7 » **raph showing dimorphism i n terms of h e i g h t -

l e n g t h r a t i o i n a p o p u l a t i o n of C a r b o n i t a 

h u m i l i s frpm the G e i s i n a Band a t S i l k s w o r t h , 

Co* Durham* 

Figur e 3 « l 8 c L i n e drawing of C a r b o n i t a pungens Jones and 

K i r k b y . , T h i s specimen i s from the b l a c k s h a l e 

at Bearpark, BP. 1 0 5 s e r i e s * x 3 8 approx* 
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L i n e drawing of Ca r b o n i t a i n f l a t a Jones 

K i r k b y , from the Geisina: Band a t Hylton 

C o l l i e r y , Co„ Durham, x 6 7 approx» 



Cordon i to / nf I oto 

1 

r i g h t v a l v e v a l v e l e f t 
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F i g u r e 3«20« Graph of height - l e n g t h r e l a t i o n s h i p s i n 

C a r b o n i t a i n f l a t a and synonomous s p e c i e s * 

( A f t e r Cooper 19^6, f i g * 3 2 , but redrawn w i t h 

a d d i t i o n s and c o r r e c t i o n s . ) 

F i g u r e 5«2l» L i n e drawing of the i n t e r n a l mould of the 

l e f t v a l v e of C a r b o n i t a secans Jones and 

K i r k b y from the b l a c k s h a l e a t Bearpark, 

BP, 105 s e r i e s « x. 60 approx* 
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F i g u r e 3.22. L i n e drawing of the i n t e r n a l mould of C a r b o n i t a 

concava Vangerow. nom, nov. x 85 approx. 

The specimen on the l e f t i s s l i d e ( l l ) . 1 0 . and 

on the r i g h t s l i d e (ll)» 11. Both specimens came 

from the grey mudstone above the G e i s i n a Band a t 

Bearpark. 
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interna/ moulds 
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d o r s a l view 

v e n t r a l v iew 
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Fi g u r e 5»23« S t r a t i g r a p h i c a l h o r i z o n s and s p e c i e s of o s t r a c o d s 

recorded from the Durham Co a l Measures. The 

a u t h o r i t i e s f o r some of these r e c o r d s a r e 

given i n the t e x t * 
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F i g u r e 3»2*t« Graph of the mean height - l e n g t h dimensions 

of the a d u l t and j u v e n i l e i n s t a r s of the 

v a r i o u s s p e c i e s of ostracods found i n the 

sediments of the Hopkins* Sand from s e v e r a l 

l o c a l i t i e s . 

F i g u r e 5»25« Graph of h e i g h t - l e n g t h r e l a t i o n s h i p s of 

s p e c i e s of C a r b o n i t a found i n the G e i s i n a 

Band a t Hylton , Co. Durham 0 

The i n s t a r mean p o s i t i o n s have been e x t r a p o l a t e * 

from the a d u l t u s i n g Przibram Growth f a c t o r * 

Dashed l i n e s a r e percentage height of l e n g t h * 
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Graph of the height. - l e n g t h dimensions of 

G e i s i n a subarcuata Jones , from the Claxheugh 

S h e l l Bed and i r o n s t o n e s from the Upper S i m i l i s 

P u l c h r a Zone of North Staffordshire« 
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F i g u r e k.1. Growth forms of Microconchus ( S p i r o r b i s ) 

p u s i l l u s Martin, from the sediments of the 

Ho pki n s' Band• 

Form a, i s from the G e i s i a a Band a t Fenwick 

C o l l i e r y , E a s t H o l y w e l l , Northumberland. 

Form b. i s from the s h e l e y mudstone above the 

G e i s i n a Band a t Bearpark, BP. 105. s e r i e s * 

F i g u r e 4.2. The i n t e r n a l mould of the tube of Microconchus 

( S p i r o r b i s ) p u s i l l u s from the G e i s i n a Band 

a t Whitworth Opencast* Co# Durham* 



Microconchus (Spirorbis) pusillus 

I'Omm. 
f o r m f o r m a 

i n t e r n a l m o u l d s 

pitted 
surface 

f u rrow 

bulbou s 

chamber 
• 

0-50mm. 

v e n t r a l v iew d o r s a l vi 
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F i g u r e 4.5. I n t e r n a l f e a t u r e s and w a l l s t r u c t u r e of the tube 

of Microconchus ( S p i r o r b i s ) p u s i l l u s and 

S p i r o r b i s b o r e a l i s Daudin. F i g s , c & d a r e not 

to s c a l e * 

F i g . a, i s a s h e l l fragment showing the i n t e r n a l 

spine from the s h a l e y mudstone at Bearpark, 

F i g , b. i s a s e c t i o n e d tube on s l i d e 809 from 

grey s h a l e y mudstone a t Bearpark* 

F i g * c . i s a r e c o n s t r u c t i o n o f the w a l l s t r u c t u r e 

of the tube of S, b o r e a l i s , c o l l e c t e d from 

the sea shore a t H a r t l y Bay, Northumberland* 

F i g . d. i s a r e c o n s t r u c t i o n of the tube w a l l of 

M. p u s i l l u s , from fragments and s e c t i o n s 

seen i n the sediments of the Hopkins' Band* 
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F i g u r e 4.4« Diagram showing the c o r r e l a t i o n of l i t h o l o g y , 

r e l a t i v e frequence, growth form and h o s t s , o f 

specimens of Microconchus ( S p j r o r b i s ) p u s i l l u s 

i n the sediments of the Hopkins' Band a t 

Bearpark* 
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Fi g u r e k.5. Tubes of M. p u s i l l u s on a Cordai&es l e a f , 

r a t h e r than a N a i a d i t e s s h e l l i n the s i l t y 

mudstone above the Hopkins' Band* The specimen 

i s from a borehole a t 'rynemouth pierhead, Northumberland 

F i g u r e 4 , 6 , R e c o n s t r u c t i o n of attachment and feeding p o s i t i o n s 

of M, p u s i l l u s , to e x p l a i n the advantages of 

u n c o i l i n g i n the Hopkins' Band* 
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F i g u r e 5.1, Key to the i n t e r p r e t a t i o n of the Faunal Phase 

diagrams, F i g u r e s 5 » 2 . to 5»9« 
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4 - a 

F^suy^-. J5L«.gU. The Fauna 1 Phases of the Hopkins' Band a t the 

" type s e c t i o n " , Bearpark, l o c a l i t y 6« 
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F i g u r e 5.3* The Faunal Phases of the Hopkins' Band 

Whitworth Opencast, l o c a l i t y 7« 
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F i g u r e 5 * ^ . The Faunal Phases of the Hppkins' Band a t 

Fenwick C o l l i e r y , E a s t H o l y w e l l , Northumberland* 

l o c a l i t y 3« 
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F i g u r e 5»5» The Faunal phases of the Hopkins' Band -

2% m i l e s n o r t h - e a s t of Bates P i t , B l y t h , 

Northumberland, , l o c a l i t y 2 , 
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F i g u r e 5»6„ The Faunal Phases of the Hopkins' Band a t 

S i l k s w o r t h , l o c a l i t y lkm 
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F i g u r e 5.7. Faunal d i s t r i b u t i o n i n s t r a t a | e q u i v a l e n t to 

the Hopkins' Band a t L a n c h e s t e r , l o c a l i t y 17. 



1 
( M 0 0 

5 

HI 

if) 

0 
0 

0 

I. I I. I urn T t M T l I I 

l l l -t- l 

i 



* 8 

Fi g u r e 5.8. Faunal d i s t r i b u t i o n i n tftEatannel s u c c e s s i o n 

e q u i v a l e n t to the Hopkins' Band a t Hedley 

Park, l o c a l i t y 9» 
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F i g u r e 5.9» The Faunal Phases of the Three Quarter o s t r a c o d -

muss&l Band i n borehole F i s h b u r n 7« 

( Symbolism and i n d e x i n g of l i t h o l o g i e s as 

f o r the Hopkins' Band diagrams„ ) 



0: 
GO 
I 
C/> 

0 8 4 0 0 0 0 0 0 

t (0 (1 

© • o • 

O 
V 
o 

I • •• •© 

E 
a 
v 
to 

o 
• • 1 • • mm m i 

w 
O 

3 

O HI 

o 



5"0 

F i g u r e 6.1, Comparison of X-ray mine.ralogical data and 

p e t r o g r a p h i c d e t a i l s of the sediments i n c l u d i n g 

the Hopkins' Band a t Bearpark " type s e c t i o n " , 

samplfid i n BP. 105 s e r i e s . 

The X-ray data i s d e r i v e d from the samples 

l e t t e r e d A l to V i n the l e f t hand column , w h i l e 

p e t r o g r a p h i c d e t a i l s a r e from s l i d e s 800 - 82k 

i n the r i g h t hand column. Numbers on the X-ray 

l i n e s r e f e r to the 2.&1 angle of the peak 

r e p r e s e n t e d * 
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F i g u r e 7«1« T y p i c a l X-ray d i f f r a c t i o n p a t t e r n s of the sediments 

, i n c l u d i n g the Hopkins' Band , sampled a t Bearpark 

i n BP. 105 s e r i e s * Each sample r e p r e s e n t s a 

p a r t i c u l a r l i t h o l o g i c a l type. 

The lowest two defractometer t r a c e s , A2 & 

C , have a g r e a t e r background i n t e n s i t y as no 

d i s c r i m i n a t o r was used on the defractometer* 

Exposure d e t a i l s ; CuK r a d i a t i o n a t a speed of 
o 

-g- 2;!©rper minute, c h a r t speed kOO mm. per hour* 
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F i g u r e 7«2. Comparison of X-ray d i f f r a c t i o n and p e t r o g r a p h i c 

d e t a i l s of the f o s s i l i f e r o u s sediments of the 

Hopkins' Band at Bearpark, "type s e c t i o n " . 

The X-ray data i s provided by 17 v e r t i c a l 

samples i n the BP. 17 s e r i e s , and p e t r o g r a p h i c 

d e t a i l s from the 17 t h i n s e c t i o n s shown* 
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F i g u r e 7»3» V a r i a t i o n i n chemical composition of the 

sediments i n c l u d i n g the Hopkins* Band a t 

Bearpark sampled i n the BP* 105 s e r i e s * 

Samples l e t t e r e d A l to V and c r o s s - h a t c h e d 

a r e a s i n d i c a t e unsampled s t r a t a * The l i t h o l g i c a l 

symbolism as on F i g u r e l*5*a« The a b s o l u t e 

chemical compositions a r e recorded i n 

Appendix I I I * 
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Fisrure 7,k, Eh - t>H s t a b i l i t y f i e l d s f o r F e ( O H ) , , FeCO_ w ' j J 
o 

and FeS a t 20 C and 1 atmosphere p r e s s u r e f o r 
d i s s o l v e d sulphur i o n i c s p e c i e s ] ] — 10~^ m o l s / l i t r e 

and Jj^_ d i s s o l v e d carbonate i o n i c s p e c i e s j = 
—3 

10 mols / l i t e e . 

The probable chemical c o n d i t i o n s i n the 

Bearpark sediments a r e shown by the p o i n t s , A, 

B, C, & D. 

( A f t e r N i c h o l l s and L o r i n g 1962, f i g . 4 , 

w i t h a d d i t i o n s , ) 
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F i g u r e 7»5» Sedimentary a s s o c i a t i o n s i n r e l a t i o n to 

environmental l i m i t a t i o n s imposed by 

o x i d a t i o n p o t e n t i a l (Eh) and pHffl 

( A f t e r Mason 1958, f i g . 33. ) 



pH —>- 7.0 8.0 

Hematite 
Limonite 
Mn oxides Calcite 
Silica Hematite 

+ 0.1 Glauconite Limonite 
Mn oxides 

0.0 Organic fence matter 

Calcite 
+ i Organic CO 

matter 
I I Peat Silica 

Organic E 
matter 

Siderite 
Rhodochrosite 
Phosphorite 
Glauconite 

Calcite CO 

Organic 
matter ate 

fen ce 
Peat Organic 
Marcasite matter 

03 Phosphorite 
Pyrite Calcite 
Silica Organic 

matter 



F i g u r e 8 ,1 , Diagram to i l l u s t r a t e the p o s s i b l e course 

of b u r i a l and p r e s e r v a t i o n of mussel s h e l l s 

a f t e r death, r e l a t e d to sedimentation r a t e 

and compaction of the e n c l o s i n g sediments 
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F i g u r e 8 ,2« C o r r e l a t i o n between Boron content and the occurrence 

of f o s s i l s i n t e r p r e t e d i n terms of palaeosalinity« 

" S a l i n i t y f a c i e s " diagram of Upper Ca r b o n i f e r o u s 

f o s s i l s t E r n s t , Michelau and Tasch 196l , fig » 5 » 

The range of C a r b o n i t a i s added from boron 

v a l u e s given by E r n s t , K r e j c i - G r a f and Werner (1958)* 

* — C a r b o n i t a sp« 
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' -Figure 9»1» Diagram to i l l u s t r a t e the r e c o n s t r u c t i o n of 

sedimentation, environmental c o n d i t i o n s and 

d i s t r i b u t i o n of the fauna, during the 

d e p o s i t i o n of the sediments i n c l u d i n g the 

Hopkins' Band a t Bearpark, 

The suggested r a t e of sedimentation i s 

p u r e l y r e l a t i v e and the s i z e and number of 

arrows a r e only to give a r e l a t i v e i d e a of 

the degree of t u r b u l e n c e * The Eh v a l u e s suggested 

ar e those a t , or J u s t below, the sediment -

water i n t e r f a c e * The symbolism of the f o s s i l s 

i s t h a t of F i g u r e 5«1» 
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R e c o n s t r u c t i o n s i n space and time of the 

s u c c e s s i o n of sedimentary environments a c r o s s 

the Durham C o a l f i e l d , t h a t d e p o s i t e d the 

sediments i n c l u d i n g the Hopkins' Band* 

R e p r e s e n t a t i o n of l i t h o l o g i e s as on F i g u r e l„ 5»a 

Arrows i n d i c a t e t u r b u l e n c e or c u r r e n t a c t i o n « 

The base l i n e of each r e c o n s t r u c t i o n i s the top of 

Harvey Seam and the top l i n e the water l e v e l i n 

the environment. The swamp i n R e c o n s t r u c t i o n I 

c o n s i s t s of Lepidodendron, C o r d a i t e s and C a l a m i t e s 
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PLATE I 

Mussels from the Hopkins' Band. 

F i g . 1. C a r b o n i c o l a o s l a n c i s Wright. x 2 . specimen 1, f i g . 2 . 1 * 
Grey s h a l e above Harvey seam, Whitworth Opencast, Co. Durham. 

F i g . 2 , C a r b o n i c o l a c f . o s l a n c i s Wright. x2. ,specimen f , f i g . 2 . 1 . 
Grey s h a l e y mudstone above Harvey Seam, ^earpark, Co. Durham. 

Fig» 3« C a r b o n i c o l a a f f . o s l a n c i s Wright. x2 , specimen m, f i g . 2 . 1 . 
above Harvey Seam, Hylton C o l l i e r y , Co. Durham. 

F i g . 4. C a r b o n i c o l a c f . venusta Davies and Trueman. x2 . specimen b, 
f i g . 2 . 1 . , above Harvey Seam , Whitworth Opencast. 

F i g . 5. C a r b o n i c o l a venusta Davies and Trueman. x4 . specimen a, f i g . 
2 . 1 . , l o c a l i t y as Fig. 3 * 

F i g . 6. C a r b o n i c o l a c f . embletoni Brown. x3 . , specimen i ^ , f i g . 2 .1 , 
above Beaumont Seam, Fenwick P i t , E a s t H o l y w e l l , Northumberland, 

F i g . 7» C a r b o n i c o l a c f . embletoni Brown. x2 . specimen £ , f i g . 2 . 1 . 
l o c a l i t y as F i g . 2 , 

F i g . 8. C a r b o n i c o l a c f . o s l a n c i s Wright. x3 . ( j u v e n i l e ) , specimen 
, fig» 2.1 , l o c a l i t y as F i g e 6. 

F i g . 9» C a r b o n i c o l a a f f . p e c t o r a t a Wright. x2 . specimen u , f i g . 2 . 1 . 
above Harvey Sean , Eppleton C o l l i e r y , Co« Durham. 
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6* 

PLATE I I 
Mussels from the Hopkins' Band* 

F i g , 1. C a r b o n i c o l a c f . communis Davies and Trueman, x2. specimen £ 
f i g * 2 * l a above Harvey Seam, Bearpark C o l l i E p y , Co. Durham, 

F i g , 2 , C a r b o n i c o l a c f , rhomboidalis Hind. x2 specimen r , f i g . 2 * 1 . 
above Harvey Seam, Eppleton C o l l i e r y , Co, Durham, 

F i g , 3 . C a r b o n i c o l a c f . communis Davies and Trueman. specimen f i g . 2 . 
x2 . above Harvey Seam, Wardley C o l l i e r y , F o l l o n s b y , Co. Durhan 

F i g , 4, C a r b o n i c o l a c f . m a r t i n i ? Trueman and Weir. x2 . specimen s, 
f i g * 2 , 1 . above ^eaumont Seam, Fenwick P i t , E a s t H o l y w e l l , 
Northumberland* 

F i g . 5. C*arbonicola c f . b i p e n n i s Brown. x2» specimen o, f i g . 2 . 1 , 

l o c a l i t y as F i g , 3« 

F i g , 6 , C a r b o n i c o l a c f . b i p e n n i s Brown, x2 , specimen n, f i g . 2 . 1 . 
l o c a l i t y as F i g . 1. 

F i g , 7» A n t h r a c o s i a c f . r e g u l a r i s Trueman. x2 . specimen R, f i g . 2 . 3 « 
Hidstones above Harvey Seam, Whitworth Opencast, Co, Durham, 

F i g , 8, A n t h r a c o s i a a f f . r e g u l a r i s Trueman, x 2 . specimen M , f i g , 2 . 3 , 
l o c a l i t y as F i g , 1, 

F i g . 9» A n t h r a c o s i a a f f , r e g u l a r i s Trueman, x 2 . 5 , specimen Q, f i g , 2 , 3 « 
above Harvey Seam , Hylton C o l l i e r y , Co, Durham, 
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PLATE I I I 

Mussels from the Hopkins' Band* 

F i g , 1• An t h r a c o s i a r e g u l a r i s Trueman, x2 . specimen N, fig«2 a£ . 
above Beaumont Seam, Fenwick P i t , E a s t H o l y w e l l , Northumberland 

F i g , 2 . A n t h r a c o s i a r e g u l a r i s Trueman, (+ S p i r o r b i s ) x2. specimen 
P, f i g . 2 . 3 . Above Harvey Seam, Bearpark, Co. Durham, 

F i g , 3 , A n t h r a c o s i a r e g u l a r i s Trueman. x2 , specimen G, f i g , 2 , 3 , 
above Harvey Seam, Hylton C o l l i e r y , Co, Durham. 

F i g , 4. A n t h r a c o s i d c f . r e t r o t r a c t a Wright, x2.5 , specimen C, fig . 2 . 3 » > 
above Harvey Seam, Whitworth Opencast, Co. Durham, 

F i g , 5, A n t h r a c o s i a c f . ovum Trueman and Weir, x 2 . $ . , specimen K, 
f i g . 2 . 3 , l o c a l i t y as F i g 4. 

F i g . 6, A n t h r a c o s i a c f . r e t r o t r a c t a Wright, x 2 . specimen D, f i g , 2 . 3 . 
l o c a l i t y as F£g. k & 5, 

F i g , 7. A n t h r a c o s i a c f . a q u i l i n a - r e t r c y t r a c t a x2 , specimen A, f i g . 2 . 3 , 
l o c a l i t y as P i g , 4. 

F i g . 8 . A n t h r a c o s i a ovum-aquilina x2» specimen J , f i g . 2 , 3 . 
l o c a l i t y as F i g . 4, 

F i g . 9, A n t h r a c o s i a c f . a q u i l i n a J . de C. Sowerby. x2„ specimen I , 
f i g . 2 . 3 . l o c a l i t y as F i g . k e t c . 

Fig, 1 0 . A n t h r a c o s i a a f f . ovum Traeman and Weir, x2» specimen L, f i g . 2 . 3 , 

above Beaumont Seam, Fenwick P i t , E a s t H o l y w e l l , Northumberland, 

Ea-g5j.ll. A n t h r a c o s i a a q u i l i n a - r e t r o t r a c t a x2 . specimen H, f i g . 2 . 3 . 
l o c a l i t y as F i g , 4 . e t c . 

http://Ea-g5j.ll
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PLATE I V 

M u s s e l s o f t h e H o p k i n s ' Sand • 

F i g , 1. N a i a d i t e s p r o f l u c t u s Brown. x2 . s p e c i m e n v , f i g . 2 . 4 , from t h e 
mudstones above t h e H a r v e y Seam, S i l k s w o r t h , Co, Durham, 

F i g , 2, N a i a d i t e s a f f , p r o d u c t u a Brown, x2» s p e c i m e n v i , f i g . 2 , 4 , 
M u d s t i n e s above t h e H a r v e y Seam, B e a r p a r k , Co, Durham. 

F i g , 3. N a i a d i t e s p r o d u c t u s t o w a r d s s u b t r u n c a t u s x l , s p e c i m e n v i i 
f i g . 2 . 4 . S i l i c e o u s mudstone above t h e H a r v e y Seam , Whibtworth, 
O p e n c a s t , Co. Durham, 

F i g . k, N a i a d i t e s p r o d u c t u s t o w a r d s t r i a n g u l a r i s x l . 5 • s p e c i m e n i v 
f i g . 2 . 4 . Grey s h a l e above H a r v e y Seam, W h i t w o r t h O p e n c a s t , 

F i g . 5, N a i a d i t e s c a r i n a t u s J . de C, Sowerby . x 3 • s p e c i m e n x i , 
f i g . 2 . 4 . above H a r v e y Seam, S i l k s w o r t h , Co, Durham. 

F i g . 6, N a i a d i t e s c f . q u a d r a t u s J . de C, Sowerby. x 2 . s p e c i m e n i x , 
l o c a l i t y a s F i g . 2. 

F i g . 7, N a i a d i t e s s u b t r u n c a t u s Brown, x 2.5 , s p e c i m e n v i i i , fig«2.4, 
h o r i z o n and l o c a l i t y a s F i g , 2. 
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PLATE V 

M u s s e l s from t h e H o p k i n s ' Band. 

F i g . 1. N a i a d i t e s c f . f l e x u o s u s D i x and Trueman. x 2 . s p e c i m e n x i i , 
f i g . 2 . 4 . above Beaumont Seam. F e n w i c k C o l l i e r y , E a s t H o l y w e l l 
N o r t h u m b e r l a n d . 

F i g . 2. N a i a d i t e s b etween q u a d r a t u s and c a r i n a t u s x 2 . ( + S p i r o r b i s ) 
s p e c i m e n x, f i g . 2 . 4 . above H a r v e y Seam , W h i t w o r t h O p e n c a s t , 
Co* Durham. 

F i g * 3. A n t h r a c o n a i a m o d i o l a r i s J . de C. Sowerby. x l . s p e c i m e n Y, 
f i g . 2 . 5 * above Beaumont Seam , 2-J m i l e s n o r t h — e a s t o f B a t e s 
P i t , B l y t h , N o r t h u m b e r l a n d . 

F i g . 4. A n t h r a c o n a i a m o d i o l a r i s ( j u v e n i l e ) x3« s p e c i m e n W, f i g . 2 . 5 . 
h o r i z o n and l o c a l i t y a s F i g . 3« 

F i g . 5» A n t h r a c o n a i a c f . f u g a x E a g a r . x 2 . s p e c i m e n V, f i g . 2.5* 
above Hargey Seam, H y l t o n , C o l l i e r y , Co. Durham. 

F i g . 6. A n t h r a c o n a i a m o d i o l a r i s ( j u v e n i l e ) . x2 . s p e c i m e n X , f i g , 2 . 5 e 
h o r i z o n and l o c a l i t y a s F i g . 

F i g . 7. " M u s s e l Band " above t h e G e i s i n a Band a t F e i w i c k C o l l i e r y , 
E a s t H o l y w e l l x l 0 The m u s s e l s i f t h i s Band have been c o u n t e d 
and t h e i r o r i e n t a t i o n s a n a l y s e d i n C h a p t e r V I I I , 

F i g , 8 0 " C a r b o n i c o l a c a r i s s i r o a " W r i g h t . x2 . S t u n t e d o r j u v e n i l e 
f orms o f A n t h r a c o s i a s p . from t h e s i l i c e o u s mudstone above 
t h e H a r v e y Seam a t W h i t w o r t h O p e n c a s t . 
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PLATE V I 

M u s s e l s from t h e T h r e e Q u a r t e r Seam h o r i z o n s 

F i g . l . C a r b o n i c o l a between communis and p s e u d o r o b u s t a x-£. 
S h a l e s above t h e T h r e e Q u a r t e r Seam, Medomsley C o l l i e r y , 
C o n s e t t , Co. Durham. 

F i g . 2. C a r b o n i c o l a c f . c r i s t i - g a l l i W r i g h t . x 2 . h o r i z o n and l o c a l i t y 
a s f o r F i g . 1. 

F i g . 3. C u r v i r i m u l a c f . b e l g i c a H i n d , xk , Form named " A n t h r a c o n a u t a " 
s u b o v a t a v a r . c a n d e l a Dewar. I n T h r e e Q u a r t e r h o r i z o n 
o s t r a c o d - m u s s e l band i n b o r e h o l e F i s h b u r n 6. 

F i g . 4, C a r b o n i c o l a d e c l e v i s Trueman and W e i r , x 2 . h o r i z o n and 
l o c a l i t y a s f o r F i g . 3» 
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PLATE V I I 

G e i s i n a a r c u a t a Bean, 

F i g u r e s 1 - 4 a r e o f an a d u l t f e m a l e from t h e G e i s i n a Band a t 
E p p l e t o n C o l l i e r y , Co, Durham, F i g u r e s 5 & 6 a r e s h e l l f r a g m e n t s 
from t h e same l o c a l i t y and h o r i z o n . 
The a r r o w on e a c h f i g u r e p o i n t s a n t e r i o r l y w i t h r e s p e c t t o t h e 
o r i e n t a t i o n o f t h e o s t r a c o d . 

F i g , 1. L a t e r a l v i e w o f t h e L e f t v a l v e . Note : The i m p r e s s e d 
s u l c u s , t h e o v e r l a p o f t h e r i g h t v a l v e o v e r t h e L e f t 
a r o u n d t h e e n t i r e m a r g i n ; and t h e r i g h t a n g l e d p o s t e r i o r 
d o r s a l c o r n e r , x50 a p p r o x . 

F i g , 2. L a t e r a l v i e w o f t h e R i g h t v a l v e . Note: r a i s e d dorsum: 
r e c t a n g u l a r b u l b a t p o s t e r i o r d o r s a l c o r n e r ; p o i n t e d 
b u l b a t median a n t e r i o r m a r g i n and p i t t e d s u r f a c e , 
x 50 a p p r o x . 

F i g , 3. V e n t r a l v i e w . Note: t h i c k e n e d v e n t r a l r i m o f t h e R i g h t 
v a l v e ; and p r o m i n e n t p o s t e r i o r d o r s a l b u l b , x 50 approx* 

F i g . 4. D o r s a l v i e w . Note; s t r a i g h t h i n g e l i n e and t h e a d v a n c e o f 
t h e r i g h t v a l v e o v e r t h e L e f t a t b o t h c a r d i n a l a n g l e s , 
x: 60 a p p r o x . 

F i g , 5« I n t e r i o r o f p a r t o f t h e L e f t v a l v e . Note: t h i n h i n g e 
s t r u c t u r e w i t h upwasd r e f l e x e d a n t e r i o r d o r s a l c o r n e r ; 
t h i c k e n e d a n t e r i o r r i m t o t h e v a l v e ; i n t e r n a l s w e l l i n g 
due t o s u l c u s , x 60 a p p r o x . 

F i g . 6. I n t e r i o r o f t h e a n t e r i o r d o r s a l p a r t o f t h e R i g h t s a l v e . 
N o t e i S h a l l o w grooved h i n g e n a r r o w i n g p o s t e r i o r l y , x 60 a p p r o x 
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PLATE V I I I 

F i g . 1. The s t r a t a o f t h e H o p k i n s ' Band above t h e H a r v e y Seam 

a t Whitworth' O p e n c a s t , Co. Durham. 

F i g u r e 2, The s h a l e s e d t i o n o f t h e C l a x h e u g h S h e l l B e d , n o r t h 

bank o f R i v e r Wear, N o r t h H y i t o n , Co, Durham* 

The o s t r a c o d f a u n a comes from t h e t h i c k i r o n s t o n e 

band by t h e hammer head* 
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PLATE I X 

F i g u r e 1. S t r a t a i n c l u d i n g t h e H o p k i n s ' Band above t h e 

Harvey Seam a t ^ h i t w o r t h O p e n c a s t * H a r v e y Seam a t 

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

t h e mudstone c o n g l o m e r a t e t h e n b l a c k s h a l e and 

g r e y s h a l e and mudstone a b o v e . 

F i g u r e 2> Mudstone c o n g l o m e r a t e , b l a c k s h a l e a n d g r e y n u d s t o n e 

above t h e H a r v e y Seam a t W h i t w n r t h O p e n c a s t * The 

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

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

t h e t o p * The t h i n G e i s i n a Band i s p r e s e n t a t t h e 

t o p o f t h e b l a c k s h a l e * 
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PLATE X 

F i g u r e 1. Grey mudstone 2 f e e t above t h e H a r v e y Seam a t 

W h i t w o r t h O p e n c a s t * 

F i g u r e 2. S e d i m e n t s 1 t o 3 f e e t above t h e H a r v e y Seam a t 

W h i t w o r t h O p e n c a s t . G r e y mudstone below and g r e y 

q u a r t z banded s i l t s t o n e above*, by t h e r u l e r . 
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PLATE X I 

F i g u r e l a P h o t o m i c r o g r a p h o f raudstone c o n g l o m e r a t e , 2-J m i l e s 

n o r t h - e a s t o f B a t e s P i t , B l j r t h , s l i d e 730. x 4 0 

a p p r o x , p o l a r i s e d l i g h t . 

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

o f c abon, c l a y m i n e r a l s and q u a r t z * 

F i g u r e 2« P h o t o m i c r o g r a p h o f t h e top o f t h e mudstone c o n g l o m e r a t e 

b a s e o f t h e b l a c k s h a l e a t B e a r p a r k , s l i d e 8 0 1 . x kO 

a p p r o x o r d i n a r y l i g h t s 

Dense b l a c k p a t c h e s o f c a r b o n a c e o u s m a t t e r , 

p a l e r p a t c h e s o f q u a r t z , and c l a y m i n e r a l s w i t h 

some c a r b o n . B e d d i n g N,W„ t o S.E. d i r e c t i o n e 

O s t r a c o d s p r o b a b l y C a r b o n i t a h u m i l i s s e e n i n 

t r a n s v e r s e s e c t i o n * 
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PLATE X I I 

F i g u r e 1, Photomicrograph of the b l a c k s i l t y s h a l e below the 

G e i s i n a Band, n r . Bates P i t , B l y t h , s l i d e 733» 

x 40 approx . Ordinary l i g h t * 

Carbonaceous s h a l e , v e r y r i c h i n d e t r i t a l quartz 

and w i t h N a i a d i t e s s h e l l s p a r a l l e l to the bedding e 

F i g u r e 2. Photograph of a t h i n s e c t i o n of the G e i s i n a Band 

at Eppleton. s l i d e 725. x 5.5 • o r d i n a r y l i g h t s 

Black s h a l e below w i t h s c a t t e r e d patches of N a i a d i t e s 

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

" c r y p t o p h y l l i t e " t e x t u r e . Complete o s t r a c o d c a r a p a c e s 

and J * shaped c r o s s s e c t i o n of a S p i r o r b i s tube i n the 

grey shalw. 
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PLATE X I I I 

F i g u r e 1. Photomicrograph of the G e i s i n a Band a t Whitworth 

Opencast, s l i d e 705. x kO approx. P o l a r i s e d l i g h t * 

I n t e r l a m i n a t e d s h a l e and s h e l l coquinq. 

L o n g i t u d i n a l s e c t i o n of a complete carapace of 

G e i s i n a a r c u a t a . Note : the t h i c k e n i n g of the 

o s t r a c o d s h e l l i n t e r n a l l y to the s i l c u s and a t 

the p o s t e r i o r end of the r i g h t v a l v e . ( Bulb 

d e s c r i b e d i n taxonomic s e c t i o n Chapter I I I ) 

F i g u r e 2. Photomicrograph of the G e i s i n a Band a t F o l l o n s b y 

s l i d e 726. x: 49 approx. p o l a r i s e d l i g h t . 

Dense N a i a d i t e s - G e i s i n a - S p i r o r b i s coquina 

w i t h a carbon r i c h m a t r i x . 

A - G. a r c u a t a t r a n s v e r s e s e c t i o n , v e n t r a l 

t h i c k e n i n g of the ove r l a p p i n g edge of the R» v a l v e . 

B - G. a r c u a t a l o n g i t u d i n a l s e c t i o n of the carapace,crushed 

C - C. h u m i l i s , t r a n s v e r s e s e c t i o n crushed. 

D - S p i r o r b i s , t r a n s v e r s e s e c t i o n 

E — N a i a d i t e s s h e l l t r a n s v e r s e s e c t i o n , showing 

p r i s m a t i c s t r u c t u r e . 
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PLATE XIV 

F i g u r e 1. Photomicrograph of the grey s h a l e y mudstone 5 to 6 

i n c h e s above the Harvey Seam a t Bearpark. s l i d e 192. 

x: kO approx. p o l a r i s e d l i g h t . 

V i r t u a l l y pure c l a y m i n e r a l rock, " c r y p t o p h y l l i t e " 

t e x t u r e andi bedding running N.W. to S»B. , d i s t u r b e d 

around f f t s s i l fragments. Separated o s t r a c o d v a l v e on 

extreme l e f t , l a r g e eroded quartz g r a i n 190 by 125 

microns seen i n top r i g h t hand c o r n e r . 

F i g u r e 2. Photomicrograph of grey s h a l e y mudstone 8-£ to 8£ 

i n c h e s above the Harvey Seam a t Bearpark. s l i d e 211, 

x 40 approx. o r d i n a r y l i g h t . 

H o r i z o n t a l bedding " c r y p t o p h y l l i t e 11 t e x t u r e 

L e f t h a l f of the photograph i s e n r i c h e d i n f i n e l y 

d i v i d e d carbon. Crushed carapace of G. a r c u a t a i n 

bottom r i g h t hand corner* 
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PLATE XV 

F i g u r e 1. Photomicrograph of the pale grey mudstone 11 to 12 

i n c h e s above the Harvey Seam a t Bearpark. 

s l i d e 8 l 2 , x 100 approx* p o l a r i s e d l i g h t . 

Coarse t e x t u r e of d i s t i n c t l y micaceous c l a y m i n e r a l s 

, about 10 microns i n l e n g t h , s u l i - p a r a l l e l arrangement 

bedding top l e f t to bottom r i g h t . I r o n s t o n e nodule 

i n the top r i g h t hand c o r n e r . 

F i g u r e 2, Photomicrograph of the s i l i c e o m s or s l i g h t l y s i l t y 

mudstone 2 f t . 3i n c h e s above the Seam a t Bearpark. 

s l i d e 8 l 9 0 x 100 . p o l a r i s e d l i g h t . 

C l a y m i n e r a l s 15 - 20 microns g r a i n s i z e , f i n e 

quartz , random o r i e n t a t i o n of the c l a y m i n e r a l s 

F i n e g r a n u l e s of s p h a e r o s i d e r i t e i n the groundmass 

causes dark c o l o u r . 
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PLATE XVI 

F i g u r e 1. Photograph of a t h i n s e c t i o n of the laminated 

muddy s i I t s t o n e , 3 f t . above the Seam a t Bearpark, 

s l i d e 821. x 4 approx. o r d i n a r y l i g h t . 

Dark laminae of carbon and c l a y m i n e r a l s , p a l e 

laminae of quartz and imiscovite« Distu r b a n c e of 

the laminated t e x t u r e i n the upper p a r t due to a 

burrowing organism « 

Fi g u r e 2. Photograph of a t h i n s e c t i o n of s i l t s t o n e and 

mudstone about 5 f t . above the Seam a t Bearpark. 

s l i d e 824, x 4. o r d i n a r y l i g h t . 

Mudstone w i t h coase quartz-muscovite laminae ; 

below , s i l t s t o n e above. A worm burrow c u r v i n g to 

the l£ft descends from the s i l t s t o n e through the 

u n d e r l y i n g mudstons. 
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PLATE X V I I 

F i g u r e 1 e Photograph of a t h i n s e c t i o n of a cross-bedded 

quartz - mica sandstone, 3 f t . 4 i n . above the 

Harvey Seam at WTiitworth Opencast, s l i d e 710. 

x k , o r d i n a r y l i g h t . 

Very r i c h i n carbonaceous matter t h a t o u t l i n e s 

the c r o s s - bedding. 

F i g u r e 2. Photomicrograph of the sandstone i n F i g . 1« 

x kO , o r d i n a r y l i g h t . 

E q u i g r a n u l a r t e x t u r e of angular quartz and muscovite 

w i t h patches of -dense carbonaceous matter. 
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