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SUMMARY. 

N i n e t y - t w o per cent o f coa l produced I n B r i t i s h mines comes f rom mechanised 

f a c e s . The l a rge c a p i t a l expendi ture i n v o l v e d i n equipping a mechanised 

f a c e , and the i n f l e x i b i l i t y which i s imposed upon the mining operat ions by 

mechanisa t ion , means t h a t s u f f i c i e n t c o a l , capable o f be ing mined economic­

a l l y , must be known t o be present over the planned area o f e x t r a c t i o n . 

The success o f planned p roduc t ion u n i t s i n coa l min ing 

thus requirest .~ ( l ) a knowledge o f the na tu re , bo th q u a n t i t a t i v e and 

q u a l i t a t i v e , o f the geology t o be encountered and (2) an understanding, and 

i f p o s s i b l e an e s t i m a t i o n , o f the e f f e c t s which the geology w i l l have upon 

p r o d u c t i o n , I n order t o p r e d i c t the geology o f an unknown underground 

l o c a t i o n the sur rounding geology of worked areas must be known and s t r a t i -

g r a p h i c a l and sed imento log ica l c o n t i n u i t y between the areas must be assumed 

t o e x i s t . 

Var ious aspects o f the sedimentology and s t r a t i g r a p h y of 

p a r t o f B idd ings D r i f t Mine i n Yorkshi re have been i n v e s t i g a t e d , us ing 

s t a t i s t i c a l methods where app rop r i a t e , w i t h a view t o e x t r a p o l a t i n g known 

and p r e d i c t e d f e a t u r e s i n t o 'unknown* areas. Dur ing the p e r i o d o f the 

c u r r e n t i n v e s t i g a t i o n some o f these 'unknown' areas have been worked so 

a l l o w i n g the v a l i d i t y o f such e x t r a p o l a t i o n s t o be t e s t e d . A q u a n t i t a t i v e 

ana ly s i s o f t h e c a p a b i l i t y o f the mine i s at tempted i n terms o f the e f f e c t 

o f g iven g e o l o g i c a l c o n d i t i o n s upon p r o d u c t i o n . Th i s a l lows an assessment 

o f p r o d u c t i o n c a p a b i l i t y which i s t e s t e d against ac tua l p roduc t ion f i g u r e s . 

The v a l i d i t y o f such assessments, o r p r e d i c t i o n s , has t o some extent been 

proved . 
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imODUCTION 

I n the e x t r a c t i o n o f minera l s as w i t h o the r i n d u s t r i e s , 

p r o d u c t i o n must be geared t o demand, bo th i n the shor t and l o n g terms. 

These two aims are met i n the coa l i n d u s t r y by d i v e r s i o n o f stocks t o 

meet demand i n the shor t term and by e x p l o r a t i o n and development o f 

unworked reserves , so as t o make them a v a i l a b l e t o the machinery o f 

p r o d u c t i o n a t some p o i n t i n the f u t u r e , as a l o n g term p o l i c y . 

The g e o l o g i c a l environment o f the coa l seam exer ts a c o n t r o l over 

bo th present p roduc t ion and f u t u r e development and i t i s the ob jec t 

o f t h i s t h e s i s t o analyse the r e l a t i o n s which make up t h i s c o n t r o l . 

This o f course necess i ta tes a d e t a i l e d s tudy o f bo th geology and 

p r o d u c t i o n , a combinat ion not o f t e n found p o s s i b l e . An o p p o r t u n i t y 

has however a r i s e n w i t h the i n t r o d u c t i o n o f the new min ing techniques 

a p p l i e d a t Biddings D r i f t Mine . Here the f i r s t B r i t i s h attempt at 

• d i r t l e s s ' r e t r e a t m i n i n g i s i n o p e r a t i o n . 

Several papers have been w r i t t e n on t h i s new technology (Round, 

1970, Massey and H i r s t , 1970 and so o n l y a b r i e f exp lana t ion w i l l be 

g iven h e r e . B a s i c a l l y i t i s an attempt t o e x t r a c t the coal w i t h a 

minimum o f d i r t so as t o g ive h i g h e f f i c i e n c y . This i s achieved by 

mechanized dr ivage o f r a p i d l y advancing roadways w i t h i n the seam, 

a l l o w i n g the ope ra t ion o f r a p i d l y r e t r e a t i n g mechanized l o n g w a l l f a ce s . 

The method o f ope ra t ion and p r i c e / t o n o f coa l produced are compared i n 

f i g . 2 w i t h those f o r nearby South K i r k b y C o l l i e r y . Thus the thickness 

o f t he seam l i m i t s t he area o f a p p l i c a b i l i t y o f the system, f rom the 

p o i n t o f view o f roadway h e i g h t . By way of c o n t r a s t , the face opera t ion 

a l lows areas o f severe g e o l o g i c a l d is turbance t o be worked, where o ther 

systems would have f a i l e d , i n a l l p r o b a b i l i t y . 

2 3 OCT 1973 
I SECTION 
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The system on the one hand a f f o r d s an o p p o r t u n i t y f o r d e f i n i n g 

the geology o f a f ace panel be fo re work ing , and on the other hand, 

the ' w i t h i n * seam s t a t e o f the roadway e x t r a c t i o n l i m i t s the amount 

o f s t r a t a a v a i l a b l e f o r obse rva t ion . TBhat i s a he lp f o r the min ing 

engineer i s , as i n most cases, a hindrance t o the min ing g e o l o g i s t . 

Perhaps what i s most h e l p f u l i s the s t anda rd i sa t i on o f face design and 

machinery, a l l o w i n g v a l i d comparisons o f p roduc t ion t o be made between 

f a c e s . 

W i t h t h i s i n mind the geology o f the f i r s t pa r t of the mine 's 

take t o be worked has been used i n two ways: 

( a ) i n the p roduc t ion o f a scheme by which the i n e v i t a b l e 

changes i n r o o f f a c i e s might be p r e d i c t e d , f rom a 

knowledge o f the s t r a t a i n those areas p r e s e n t l y be ing 

worked 

( b ) t o de r ive a system f o r the assessment o f face perfonnance 

and hence i t s p r o f i t a b i l i t y , be fore work ing . 



CHAPTER 1 

THE GEOLOGICAL SETTING 

1.1 The Sha f ton Coal and Riddings D r i f t 

Riddings D r i f t Mine i s a new mine l y i n g i n one o f the o lder 

m i n i n g d i s t r i c t s o f the coun t ry neat Bams ley , i n Yorkshire,!Fig.I). 

The mouth o f the d r i f t and sur face machinery are accomnodated by 

South K i r k b y C o l l i e r y w h i l s t the ' take* i s the area o f the Shaf ton 

Seam f o r m e r l y h e l d by t h a t c o l l i e r y . South K i r k b y C o l l i e r y l a s t 

worked the Shaf ton Seam i n 1927, u s i ng p i l l a r and s t a l l methods, 

which a l though h i g h l y adaptable t o most cond i t i ons proved t o be 

incapable o f overcoming the d i f f i c u l t i e s in t roduced by the geology. 

I t i s o n l y w i t h the recent advances i n m i n i n g technology t ha t the 

coa l i s able t o be worked economica l ly . 

" I f one summarises the Shaf ton Seam as a hard c u t t i n g 

p r o p o s i t i o n , v a r y i n g th i ckness , subjec t t o f a u l t i n g which 

changes over shor t d i s tances , a r o o f and f l o o r which va r i es 

and can be d i f f i c u l t and l i a b l e t o a s u b s t a n t i a l make o f water 

a t sho r t n o t i c e you w i l l apprecia te why i t remains i n the ground 

as a l egacy f rom our f o r e f a t h e r s , and i t i s r e a l l y the seam which 

has had a ve ry great e f f e c t on the l ayou t o f the workings a t 

R i d d i n g s . " (Massey and H i r s t , 1971)• 

Agains t t h i s background a d e t a i l e d s tudy o f the geology was i n i t i a t e d 

and i s c o n t i n u i n g . 

The Sha f ton Coal belongs t o the supra-Aegir Grey Measures 

(pa l s t age 2a, a f t e r W i l l s , I956) l y i n g some 30 f t . (9m) below the 

S h a f t o n Marine Band and f o r m i n g the top-most worked ho r i zon i n the 

Y o r k s h i r e C o a l f i e l d ( a p a r t f r o m minor outcrop work ing of the B r i e r l e y 

Seam). 
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I t i s thus i n the Upper S i m i l i s - P u l c h r a zone o f the c l a s s i f i c a t i o n 

based on non-marine l a m e l l i b r a n c h s . (F igure 3 ) . I f i t i s 

cons idered i n r e l a t i o n t o i t s contemporary sedimentary regime a 

b e t t e r unders tanding can be gained o f i t s v a r y i n g environment and 

s t i r u c t u r e . S t a r t i n g f rom an assumed r e g i o n a l sedimentary s t r u c t u r e 
(see Geo/. Surv. Memoir) 

as de f ined by previous workers , the seam s t r u c t u r e can be f i t t e d i n t o 
tectonic 

a^framework, - t o be i n v a l i d a t e d o r upheld l a t e r . 

I t may be apposi te here t o t r a c e the e v o l u t i o n o f the Coal 

Measuresbasin l e a d i n g t o the d e p o s i t i o n o f the Shaf ton Coal . This 

i s most e a s i l y accomplished by cons ide r a t i on o f the unde r ly ing 

sandstones, w i t h r ega rd t o t h e i r p o s i t i o n a t the f a r end o f the cyc le 

o f c o a l f o r m a t i o n , and o f the lower seams themselves. From a s tudy 

o f the isopach'i^te ma,p ( f i g . 4) o f these lower hor izons i t would appear 

t h a t d u r i n g most o f the preceding d e p o s i t i o n a l p e r i o d there was, i n 

t h i s area, a r eg ion o f l i t t l e subsidence. Th i s cou ld g ive r i s e t o the 

p o s s i b i l i t y o f s u b - a e r i a l or shal low water c o n d i t i o n s du r ing per iods o f 

r e g i o n a l emergence and f avourab le c o n d i t i o n s f o r the f o r m a t i o n o f peat 

i n the extreme case. 

I t i s s u f f i c i e n t t o cover the s e c t i o n f r o m the M e l t o n f i e l d Seam 

t o the Ackworth Rock i n order t o g a i n an impression o f the e v o l u t i o n a r y 

sequence. ( F i g . 3 ) . Immediately above the M e l t o n f i e l d Coal the 

Woolley Edge Rock l i e s l i k e an open hand, w i t h the f i n g e r s o f sandstone , 

ex tend ing t o outcrop i n the west . South K i r k b y l i e s at the w r i s t , on 

the h inge o f movement, remaining s t ab l e i n r e l a t i o n t o the palm and 

f i n g e r s which are f r e e t o move independent ly . Development o f the 

N e w h i l l Seam, which almost d i r e c t l y o v e r l i e s the sandstone, f o l l o w s 

the same p a t t e r n , the seam s p l i t t i n g t o the south-west and t h i n n i n g t o 

the n o r t h - e a s t . 
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W h i l s t t he Woolley Edge Rock was absent and the N e w h i l l Seam 

p o o r l y developed t o t h e n o r t h - e a s t , t he Mexborough Rock shows s t rong 

development on bo th t h i s qua r t e r and t o "ttie south-west , there be ing a 

r i d g e o f low sedimenta t ion passing through South K i r k b y . The Shaf ton 

Seam, again almost immediate ly above a sandstone (Mexborough Rock) 

r e f l e c t s t h i s change i n emphasis f rom a south-west sedimentary bas in 

t o one i n the n o r t h - e a s t , by s p l i t t i n g t o the nor th-eas t a long a 

l i n e c lose t o t h a t o f the r i d g e . T h i s impress ion i s r e i n f o r c e d by 

the Ackworth Rock which shows i t s g rea tes t recorded th ickness at 

Hampole, t o the nor th -eas t o f the pos tu l a t ed r i d g e . 

I f t h i s f a b r i c i s assumed t o be an expression o f some form o f 

basement c o n t r o l , which had acted throughout the sequence, i t would 

be reasonable t o expect a s i m i l a r f a b r i c t o e x i s t i n those measures 

under s t u d y . I t i s the i n t e n t i o n i n the f i r s t pa r t o f t h i s t h e s i s 

t o examine t h e p o s s i b i l i t y o f t h i s be ing the case. 



1.2 The F l o o r o f the Shaf ton Seam 

The sea t ea r th o f a coa l seam represents a s o i l , a l though there 

may be a non-sequen t ia l r e l a t i o n s h i p between i t and the c o a l . Moore 

(1968) v i s u a l i s e s the f o r m a t i o n o f a sea tea r th by t h e m i g r a t i o n o f 

hygromorphic or sub-hygromorphic s o i l s i n the fo rm o f mud banks which 

support a h y d r o p i i i t i c v e g e t a t i o n . T h i s view e l imina t e s the need f o r an 

i n t e r r e l a t i o n s h i p between the sea tea r th and the c o a l on the basis o f 

t h i ckness and p o s i t i o n i n the cyclothem sequence. Co lon i sa t i on o f a 

s ea t ea r th by a x e r o p h i t i c f l o r a and subsequent peat growth may take 

place w h i l e f u r t h e r sea tea r th m a t e r i a l i s accumulat ing elsewhere. 

Sea tear th f o r m a t i o n i s thus normal t o a phase o f regress ion w i t h i n a 

r e g i o n o f broad , r e l a t i v e l y f l a t , f r e s h or b r ack i sh shallow waters 

w i t h an advancing sedimenta t ion and f l o r a . Assuming the mudbanks 

and t h e i r m i g r a t i o n t o be a product o f s h i f t i n g water courses, some 

r e l i c o f these palaeogeographic f e a t u r e s should be d i s c e r n i b l e i n t h e 

sediments o f the seam f l o o r . An example o f such a f e a t u r e i s g iven 

below. 

Over B lock 1 and the sur rounding areas there e x i s t s a system 

o f l i n e a r depressions i n the f l o o r o f the seam (see F i g . 5) i n min ing 

t e r m i n o l o g y r e f e r r e d t o as s w i l l e y s . Th i s network shows a d i r e c t i o n a l 
(standard deviation IStf) 

t r e n d o f 063 degrees w i t h a var iance o f 372. The i n d i v i d u a l form o f 

a s w i l l e y i s shown by F i g . 8 as de r ived f rom a cons ide ra t i on o f the 

seam th i ckness over B lock 1 i n c o n j u n c t i o n w i t h surveyed topography o f 

the f l o o r . Associa ted w i t h the depression i n the f l o o r i s a t h i c k e n i n g 

o f t he bot tom l e a f o f c o a l . I t i s proposed t h a t t h i s i s not a f e a t u r e 

o f t h e development o f the coa l i t s e l f but one which has been i n h e r i t e d 

f r o m the previous f l u v i a t i l e environment. The f o l l o w i n g d iscuss ion and 

the r e l a t i o n o f the s w i l l e y t o a pre-peat depos i t i on r i v e r course 

f o l l o w s the work o f E l l i o t t (1965) t o a great e x t e n t . There i s a 
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pronounced t h i c k e n i n g o f the seam associa ted w i t h an elongate ho l low 

i n the f l o o r , the h o l l o w showing a shal low i n n e r s ide and a steep 

ou t e r s ide ( o u t e r w i t h respect t o the curva ture o f the s w i l l e y course) , 

a long the l i n e o f which compactional o r penecontemporaneous f a u l t i n g 

i s p rominen t . 

I n the f i r s t ins tance an attempt was made t o r e l a t e the 

t h i c k e n i n g o f the whole seam over the s w i l l e y t o the presence o f an 

i r r e g u l a r f l o o r topography a t the t ime o f peat accumulat ion. The 

t h i c k e r areas o f the seam appear t o co inc ide w i t h hol lows i n the f l o o r , 

a f t e r an i r r e g u l a r r e l i e f has been b lanketed by peat depos i t s . Th i s 

at tempt i s shown i n F i g . 6 where i t i s seen t o be an i n c o r r e c t 

i n t e r p r e t a t i o n o f the s i t u a t i o n , the th ickness o f the seam i n no way 

b a l a n c i n g the v a r i a t i o n i n f l o o r topography. I t may be noted t h a t 

the shape o f the coa l h o r i z o n , based on isopachytes o f i t s th ickness 

may be dependent on b o t h the u n d e r l y i n g and o v e r l y i n g s t r a t a . Wi th 

d e p o s i t i o n o f a peat b lanke t any i r r e g u l a r i t i e s o f the f l o o r w i l l be 

i n f i l l e d to g ive an i r r e g u l a r base t o the seam. Fu r the r , i r r e g u l a r i t i e s 

may be i n t r o d u c e d i n the top sur face by s t r u c t u r a l readjustments , 

s lumping, d i f f e r e n t i a l compaction e t c . and by eros ive and depos i t i ona l 

f a c t o r s . I n the Shaf ton Seam t h i s e f f e c t o f the o v e r l y i n g s t r a t a i s 

immedia te ly obvious where i n t r u s i v e sandstone r o l l s cu t out pa r t s o f 

the seam, obscur ing i t s t r u e t o p . Thus by u s i n g the whole seam one 

i s a t t e m t p i n g t o match two surfaces w i thou t having es tab l i shed a 

r e g u l a r datum l i n e . Because a middle d i r t band i s present , o f 

p o s s i b l y r e g u l a r development, the re remains. the f e a s i b i l i t y o f 

a c h i e v i n g a balance by c o n s i d e r i n g the bottom l e a f o f coal separa te ly . 

I t s t o p su r face can be taken as the r e q u i r e d r e g u l a r datum l i n e . When 

t h i s i s done a d i s t i n c t r e l a t i o n does show al though the l i n e 

r e p r e s e n t i n g the top o f the bottom c o a l i s by no means a s t r a i ^ t l i n e 

o r a s imple cu rve , ( f i g . 6). What i s evident i s t ha t those parts o f 
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the curve which over l ie regions of the f l o o r without a strong r e l i e f , 

f o l l o w what r e l i e f there i s very c losely . This can then be 

a t t r i b u t e d to tectonic adjustment, and can be removed by producing 

the surface as a s t ra ight l i n e . 

This having been done, the p r o f i l e shown i n F i g . 8 i s produced. 

A f l a t area i s established to the west, which a f t e r a small r i se f a l l s 

gent ly i n two steps to the bottcm of the swi l ley hollow, to r i se 

again steeply on the other side. Unfortunately the area to the east 

of the swi l l ey has not been worked recently and only one record i s 

available w i t h which to continue the construction past the outer brow. 

Along t h i s eastern brow are a number of compactional f a u l t s , 

s imi l a r to the structures recorded by E l l i o t t (1965) showing a low 

dip of the f a u l t plane in to the swi l ley hollow and a s t r ike running 

t angen t i a l ly to the swi l l ey course. I n addit ion to these are normal 

f a u l t s showing high angles of dip and s t r i k i n g at various angles to the 

s w i l l e y . These l a t t e r appear independently to bear l i t t l e r e l a t i o n to 

the sw i l l ey edge; however the zone of f r a c t u r i n g , which they as a 

whole produce, l i e s along the crest of the eastern w a l l . 

No deta i led study of the f l o o r measures i s available although 

a general pat tern can be established. This i s shown by F i g . 7 which 

compares the Immediate f l o o r s t ra ta corresponding to a given thickness 

of bottom coal wi th a v e r t i c a l section of the f l o o r located from the 

.35" (0,89m) l e v e l , having regard f o r the bottom coal at the sample 

point being 45 i n . (1.14m) t h i c k . * There does exist a cer ta in degree 

of correspondence even though only one f u l l f l o o r section i s available 

f o r comparison, w i t h what can only be an approximate d i s t i nc t i on of 

* I n the constructions coal thicknesses are exaggerated twelve times 

t o allow f o r compaction, the 35 i n . (0.89m) base i s taken from the l eve l 

region outside the sw i l l ey . 



14 

I 1? 

2 1! 

J 
e 

c 

1 

i 1 

Mojspnui 

iuoispnui 

LJ 
(/) 
O 
I 
*- I -

< 
I 

d 
Of z 

mosanuj 

i 

IS Q 

IJ. 

o 

i 
o u 

UJ 
- I 

I 
liJ 



15 

rock type. With the topographic p r o f i l e from F i g , 6 and t h i s v e r t i c a l 

d i s t r i b u t i o n of f l o o r types i t i s possible to produce the reconstruction 

of P ig . -8 . This assumes the outer side of the swi l l ey hollow to be 

undergoing active erosion and thus i t s structure i s given as a horizontal 

s t r a t i f i c a t i o n consistent wi th the recorded f l o o r section. Anomalous 

sediment types from the v e r t i c a l d i s t r i b u t i o n have been placed on 

the inner side of the hollov/, where contemporary deposition would 

occur. Sandstones are found at the deepest point of the swi l ley wi th 

s i l t s tones making up the inner platform or terrace. Those sediment 

types found above the v e r t i c a l section may be part of the o r ig ina l f l o o r 

or, the levee and overbank deposits of s i l ts tones and f i n e mudstones. 

From these observations there appears to be a marked s i m i l a r i t y 

at some l eve l s , to the swi l l ey i n the Top Hard Seam of Nottingham 

described by E l l i o t t (l965)» whi l s t d i s t i nc t differences do ex i s t . 

The general fonn i s one of an assymetrical hollow i n the f l o o r , i t s 

topography being d i v i s i b l e i n to ' ho l low ' , 'brows' and ' f l a n k s ' wi th 

the attendant feature of compactional f a u l t i n g . Where the main 

d i f fe rence l i e s i s i n the r e l a t i o n of the swi l ley , as a whole, to 

the seam. The swi l l ey of the Top Hard Seam shows brows and levee 

banks, which are extended l a t e r a l l y outwards i n the form of clay 

f langes, e f f e c t i v e l y wi th in the seam. The sedimentary features 

appear to be a product of a del ta ic environment during the deposition 

of the coal i t s e l f . The Shafton Swilley on the other hand would 

appear to be a predominantly pre-peat feature, reminiscent of a 

f l o o d p l a i n environment. The s i tua t ion would appear to be one of 

a de l t a i c f r o n t bu i ld ing outwards and followed by colonisation by 

the peat forming f l o r a whi l s t conditions were favourable. 

I n order that the depression, which i s the swi l ley , should be 

f i l l e d by an accumulation of organic det r i tus rather than by the 
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c l a s t i c load of the r i v e r system, i t must be i n some way isolated 

from the system. I s o l a t i o n i s favoured by the bed load of the 

main current being f r e e t o move towards the slack water of a c u t - o f f 

lake thus damming the channel. Such sediment load as then reaches 

the lake i s derived from the suspended load of the main current and 

hence i t i s r e l a t i v e l y f i n e i n - s i ze . I n Russell 's (1967) words 

"More persistent i s the accumulation of clay i n the lake resu l t ing 

from a continuing supply of l oca l plant remains that decompose in to 

so f t ooze." Dependent upon the biochemical conditions i n the lake, 

and the amount and type of de t r i tus available, t h i s clay could be 

subst i tuted by coal . 
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1.3 The Shafton Seam 

Although a separate l i t h o l o g i c a l uni t and considered apart from 

the f l o o r measures there remains a r e l a t i o n not only of superposition 

- but also of at least p a r t i a l contemporaneity between the two. A 

b r i e f summary o f the seam structure i s given here cu l led from the 

various reports of the Coal Survey Department of the Board, 

supplemented by the author's own work on cer ta in aspects. 

Data from four seam sections are shown i n Figure 9 w i th the sample 

points shown i n Figure 1. From these the expected characterist ics 

of the seam f o r the f i r s t part o f the ' take ' were computed before 

production began. A t y p i c a l measured section i s given f o r comparison. 

I t i s c lear from these that a wide l a t e r a l va r i a t i on i n seam structure 

i s present, both i n coal q u a l i t y and thickness of sub-sections. 

These must r e f l e c t the varying conditions under which the seam was 

l a i d down. 

The market f o r coal from Biddings i s i n the main (a) untreated 

mater ia l used as a power s ta t ion f u e l , and (b) washed coal f o r use i n 

blends i n the manufacture cf smokeless f u e l s . This i s a consequence 

of i t s poor q u a l i t y , high sulphur i n t h i s case, which i s compared below 

wi th a good q u a l i t y coking coa l . 

Sp.Gr. Ash Sulphur Coal Rank Code 

Shafton Coal 1.35 6.0 - 9.0 2.5 - 3.2 702 

Coking Coal 1.35 3„0 - 9-0 -=0.75 301 

With such a to lerant market more at tent ion i s paid to thickness 

of section than t o q u a l i t y , thickness being more d i r e c t l y relevant to 

production and mining problems. 
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The productive seam i s d i v i s i b l e i n t o three major parts; the 

lower or bottom coal , the middle d i r t or i t s equivalent and the.top 

coa l . The t o t a l thickness of these three i s shown by Figure 10. 

Var ia t ion i n t h i s thickness i s accounted f o r , seventy-five per cent, 

by the lower l e a f and twenty-f ive per cent, by the upper. I n the 

case of the lower coal the va r i a t ion has already been explained by 

reference to the swi l l ey and associated features. A large proportion 

of the upper coal va r i a t ion i s a product of a f u r t h e r f l u v i a t i l e phase 

i n the channel sandstones of the higher roof . The thickness of the 

middle d i r t does not a l t e r s i g n i f i c a n t l y over Block 1, although i t 

i s known t o cause s p l i t t i n g of the seam to the north-east. What 

does a l t e r i s i t s composition, ranging from a mudstone seat-earth 

t o i n f e r i o r coa l . I t i s however always represented i n one form or 

another. 

The upper l ea f of coal , as previously mentioned, i s affected by 

sandstone bodies which may be e i ther a continuous downward development 

of the channel system of the roof , or they may be i n the fonn of 

lenses enclosed w i t h i n the seam. I n the f i r s t instance the sandstone 

i s seen to have erosive contacts w i t h the lower roof measures and the 

coal , without any s t rongly defoimational features. The lenses however, 

are i n themselves d i s tor ted and are associated wi th d i s to r t i on of the 

coal i n the form of strong down-warping of the middle d i r t and 

f r a c t u r i n g of the coal around the body. When the d i s to r t i on i s 

removed by making allowance f o r the compaction of the coal against 

the sandstone ( s imi l a r to that made i n consideration of the swi l ley) 

the lenses take on a f l a t t ened e l l i p t i c a l form. These can be p a r t l y 

or wholly superimposed on one another and may lead in to the channel 

canplex. 
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I n discussion of the f l o o r s t ra ta . F i g . 7 showed the presence 

of a t h i n ' f l o o r coa l ' a t 78 ( l .9£ta) inches below the main bed. 

When viewed on a regional scale i t i s seen that t h i s coal thickens, 

reaching twenty inches i n a zone 6 miles to the north-west. Here i t 

i s separated fixjm the bottom coal by a t h i n (0,15m) mudstone layer . 

This would appear to represent a f u r t h e r s p l i t of the seam from t h i s 

point t o the east. Since t h i s piece of information comes from 

outcrop there remains no f u r t h e r evidence r e l a t i n g to the unspl i t 

seam. 
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1.4 The Immediate Roof Measures 

Above the seam the roof measures can be divided in to two main 

zones, the junc t ion of which i s the base of the fo s s i l i f e rous mudstone. 

Below t h i s and i n depositional con t inu i ty i s a var ied assemblage of 

mudstone seateaith, s i l t s tone , ' roof* coal , and fragmental clayrock (FCR) . 

Above i s the ' d e l t a i c ' sequence containing the channel sandstones and 

other l i t h o l o g i e s . The junct ion i s at f i r s t seen to be passive wi th 

the mudstone i n con t inu i ty w i t h the lower horizons; however on the 

basis of work carr ied out recent ly i n development t o the south-east i t 

may be gent ly transgressive on these lower beds. 

The mudstone seat-earth, as w i l l be seen l a t e r , has a s ign i f i can t 

e f f e c t on the working of the face, and so has been mapped i n quite f i n e 

d e t a i l (Figure 1 l ) . I n i t s areal d i s t r i b u t i o n i t i s l im i t ed to the 

northern and western comers of the block, over which areas i t i s 

pa t ch i l y developed i n terms of thickness ranging from a t h i n smear on 

the bedding plane of the top coal and the s i l t s tone , to over 7 i n . (O. 

i n thickness. The s i l t s tone hov/ever i s less variable maintaining i t s 

thickness over the areas of mudstone seat-earth, g iv ing an impression 

of the mudstone f i l l i n g hollows i n the depositional surface of the coal . 

I n view of i t s seat-earth condit ion i t may be more proper to regard the 

areas as ' i s lands ' of continued vegetation a f t e r the f i r s t inundation 

of the peat. 

The roof coal i t s e l f again shows strong va r i a t ion , being absent i n 

some areas and up t o 4" (0,1 dm) t h i ck i n others. S t ruc tura l ly i t can 

vary from the pos i t ion of having d e f i n i t e boundaries wi th the beds above 

and below, whatever l i t h o l o g y they may be, to being interleaved wi th 

them, so d i f f u s i n g the boundary. I n t h i s way i t can be reduced to 

zero thickness by v i r t u e of i t s becoming disseminated throughout the 

adjacent ma te r i a l . A l t e rna t ive ly i t i s removed by the mudstone i n 

places where t h i s shows i t s transgressive lower boundary. 
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This disseminated aspect together w i t h the sometimes non-seat-earth 

condi t ion of the s i l t s tone points to a mode of formation f o r the 

coal , which i s other than i n s i t u - d r i f t e d organic debris (vegetation) 

i n a shallow lake environment being that proposed. 

Forming the top of t h i s sub-sequence i s the fragmental clayrock 

which i s comparable wi th those found i n other coa l f i e lds and consistent 

w i t h the in terpre ta t ions of mode of formation which have been placed 

upon such rocks, (Richardson and Francis, 1971)• This F.C.R. consists 

of shards of c lay, s u b e l l i p t i c a l to wispy i n cross-section, and of 

colours ranging from grey t o b u f f , green and brown, g iv ing a brecciated 

appearance. I t can have a d i f f u s e , interleaved boundary wi th the roof 

.coal, where that i s present, and w i t h the overlying mudstone, or i t can 

have d e f i n i t e boundaries w i t h both, A fragmentary fauna of astracod 

valves i s present along wi th c o a l i f i e d plant remains. M i c r o l i s t r i c 

surfaces occur, presumably formed a f t e r the brecciated texture since 

they transect shard boundaries, t h i n slivers of coal being sometimes 

aligned along the surface, 

What i s envisaged as the o r i g i n of the brecciated texture i s the 

ronob i l i s a t i on of a h igh ly sensit ive layer , w i th a high c o l l o i d content 

i n t e r s t i t i a l pore f l u i d , under compactional stresses followed by 

r e d i s t r i b u t i o n , segregation and r e c r y s t a l l i s a t i o n of the c o l l o i d mater ial , 

The presence of sensitive layers i s possibly a func t ion of the o r i g i n a l 

sediment composition a l l i e d wi th the leaching of electrolytes and the 

presence of dispersarits produced by anaerobic decay of i t s organic 

content. Explanation of the various boundary conditions may be that 

only i n areas where the F.C.R, i s s t rongly developed i s there any 

d i f f u s i o n of the boundary wi th the coal or mudstone and where i t i s i n 

contact w i t h the stronger s i l t s tone the boundary i s always d e f i n i t e . 

Where i t i s s t rongly developed there has been brecciat ion of the 

mater ia l on e i the r side of the sensitive layer . Some degree of 
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compaction p r i o r to the f low of the sensitive layer i s thought t o be 

indicated by the angular aspect of the F.C.R, shards and by the 

breccia t ion of the surrounding mate r i a l . 

A compactional shock which would have given high levels of stress 

over a short period of time may be associated w i t h the slump structures 

t o be found i n the sub-aerial levee deposits of the h i ^ e r del ta ic 

sequence (Chapter 22). Whether the slumps are the cause of the 

stress a f f e c t i n g the F.C.R. mater ia l or a f u r t h e r expression of the 

same external influence i s impossible to ascertain. 

The areal d i s t r i b u t i o n and thickness of the F.C.R. i s inconsistent . 

This i s a character is t ic which may be due to a combination of the 

deposition and subsequent erosion of the sensit ive layer , or i t may 

have been produced by r e d i s t r i b u t i o n during i t s subsequent f l o w . 

A modem sediment which demonstrates the properties required f o r 

production of an F.G.R. has been c i t e d by Dr. R.K. Taylor as the 

lacus t r ine volcanic clays of Mexico C i t y . These are capable of 

supporting a sedimentary over-load ( w i t h associated compaction) and 

i n t h e i r natural state behave as b r i t t l e e las t ic materials which on 

remoulding assume the character of a viscous f l u i d . 

Following from th i s analogy and the facies types assodated wi th 

the F.C.R. i t s designation as a deposit of a 'temporary shallow lake 

i n a paludal environment on a paral ic f r o n t ' seems tenable. (Richard­

son and Francis 1971 ) • The f ac t that syngenetic pyr i t e i s present 

and that organic matter i s by no means absent may mean, however, that 

the drainage was i n t h i s case less we l l developed than i n that c i t ed by 

Richardson and Francis. 
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CHAPTER 2 

THE GEOLOGICAL SETTIMG (Cont 'd.) 

2,1 The Higher Roof Measures. General 

I n the h i ^ e r roof measures a wide va r i a t i on i n facies type and 

thickness has been proved both l a t e r a l l y and v e r t i c a l l y . This i s 

shown we l l by the three sections of Figure 12 which l i e wi th in 15 f t 

(4.57ni) of one another. This va r i a t ion and the paucity of sections 

available f o r examination makes d i rec t cor re la t ion we l l nigh impossible. 

I t i s only a f t e r in tegra t ing a l l the various geological aspects that a 

coherent pic ture emerges. The main parameters are the height of the 

sandstone above the seam, the general morphology of i t s base, the small 

scale structures (which are p r i n c i p a l l y of d i rec t iona l in te res t ) and 

facies v a r i a t i o n . 

Everywhere that the roof measures are v i s i b l e to a height of 25 i n . 

(0,64m) or more above the seam a sandstone or other arenite i s present, 

wi th a second developed somewhat higher. Since, however, such 

exposures are l i m i t e d i n the main to areas of strongly developed channels, 

there i s a p o s s i b i l i t y that the lower sandstone may be absent i n some 

areas. I n those areas i n which i t i s known to be present, the thickness 

of s t r a t a between the base of the lower sandstone and the top of the 

seam has been mapped. The major value of t h i s i s i n i t s mining 

applications although i t does help to emphasise the areas of strong 

erosional a c t i v i t y which const i tute the channels themselves. 

The ma jo r i t y of information available comes from the base of the 

sandstone horizon which i s the most read i ly accessible part . I f an 

adequate understanding i s to be achieved of the environment of deposition 

and mode of sedimentation of the overlying s t ra ta i t would be desirable 
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t o a t t r i b u t e a d i s t i n c t facies c l a s s i f i c a t i o n to each given bed-form. 

Each bed-form i s a function of the nature of the depositing current and 

of i t s sediment load. Pacies of sedimentation can also be defined 

i n these terras. Such a d i s t i n c t i o n i s attempted. 
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2.2 L i t h o l o g i c a l Units; t h e i r Description and De f i n i t i o n . 

I n the consideration of the deltaic series by Markov Analysis, i n 

Chapter 2.3, eight l i t h o l o g i c a l units were to be used. These are 

described here and an int e i ^ j r e t a t i o n of the mechanism of fonnation and 

hence t h e i r facies i s given, kn. attempt i s made to consider the 

dynamics of the system i n order to distinguish between those units 

produced by continual stream flow and by impulsive flow, - a d i s t i n c t i o n 

between normal and spate conditions of the depositing drainage system. 

F i r s t i s the d i v i s i o n of massive or i n t e r n a l l y structureless 

sandstone. This can be further sub-divided on the basis of associated 

lithotypes and scale. When of small thickness such sandstones cover 

large areas of the seam and d i r e c t l y overlie a member of group 'E' or 

'C, hor i z o n t a l l y laminated s i l t stones or r i p p l e - d r i f t e d sandstones. 

I n the areas of channel sandstones where they increase i n thickness the 

base i s erosive upon any of the lowermaabers of the succession. The 

bottom inch or so then contains flakes of t h i s underlying material. 

Apart from t h i s the'sandstone i t s e l f i s pure white with a c a l c i t i c 

cement. This would point to a mature (si m i l a r to the terin applied 

to t u r b i d i t y currents) current i n both cases. I n the case of the t h i n 

sandstones t h e i r associations would point to deposition from a current 

carrying a well sorted c l a s t i c load, with simultaneous deposition and 

reworking i n t o the laminations by a t r a c t i o n carpet having a low applied 

shear, - with a l a t e r change i n emphasis to gradual accretion of sand 

to give a structureless bed. I n the case of the channel sandstones 

however, a high applied shear i s envisaged with the dispersion of the 

t r a c t i o n carpet into the body of the current, the shards of underlying 

material being plucked up without reworking as such. As soon as the 

shear drops below a c r i t i c a l value the dispersive pressure i s no longer 
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s u f f i c i e n t t o reta i n the mass of grains i n suspension and the load 

freezes, t o be deposited.as a structureless sandstone body, - the 

SCOUT pool f i l l of a ri v e r ' s low stage. Although termed structureless 

there have been exposures of t h i s u n i t which show large scale, i l l -

defined cross s t r a t i f i c a t i o n i n channel areas. This has been described 

as a l a t e r a l deposit, of bar formation during the river's flood stage. 

Horizontally laminated sandstones consist of sheets of sand resting 

on one another, with l i t t l e or no interjacent f i n e material. Each sheet 

has a consistent grain size whilst there may or may not be a difference 

i n grain size between sheets. Allen (1964) has shown that sheets of 

sand, each with roughly the same grain size and showing primary current 

l i n e a t i o n , could form beneath a t u r b i d i t y current of the "plane bed 

with movement" regime of Simons (196I, P o 3 6 ) , - either by primary 

deposition from the current or by reworking of previously deposited 

material. This may be the case here. A t h i n ungraded unit of 

lamina-tions would suggest formation by reworking. A thicker unit 

with gradually decreasing grain size upwards would suggest primary 

deposition from the current. Discontinuous sediment supply i s 

suggested by the individual layers, possibly by pulses of the current. 

The ripples of unit 'C may be composed e n t i r e l y of sand, as when 

associated with the base of unit 'A' d i r e c t l y or, they may be picked 

out by s i l t or mud when removed from 'A', I n cross-section the 

amplitude i s seen t o be on average % ins (0.02m) with a wavelength of 

up t o 1^ ins ( 0 . 0 ^ ) . When seen on a bedding plane they are of a 

pa r a l l e l crested type. Conditions f o r the formation of ripples are 

suggested by Albertson (l958) to be either f u l l y turbulent flow i n the 

current, as would be the case at the base of 'A''., On the other hand, 

a laminar boundary layer between the turbulent current and the bed 

i s envisaged - an essentially quiescent flow - as removed from 'A'? 
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The f i r s t condition has been discussed i n connection with unit 'A'. 

The second suggests a period of non-deposition with the reworking of 

previously deposited material, possibly of unit 'B'. Contribution of 

sediment by the current to the bed i s low and takes the form of mud 

and s i l t size p a r t i c l e s , which tend to accumulate i n the lee of the 

r i p p l e . 

Unit 'D', the massive siltstones may show some semblance of 

int e r n a l structure i n that a l a t e r a l change i n p a r t i c l e size may occur, 

with a gradation of t h i s into the other units. I t i s assumed that 

such a gradation i s due to a waning of current velocity and consequent 

abandonment of i t s load according to grain size. The siltstone may or 

may not support i n s i t u plant remains and transported plant debris. 

In t e r n a l slump structures are common, on occasion affecting lower 

divisions. Following previous work t h i s unit has been designated 

'sub-aerial levee deposit'. 

The laminated siltstones of unit 'E' may be the upward continuation 

of 'B' when they are a primary deposit of the current. Siltstone i s 
ft 

the top-most member of the gradually upward f i n i n g sequence. Alternatively, 

they may be the reworked equivalent of the massive siltstones. Their 

strong association with the laminated sandstones would however, favour 

the f i r s t suggestion. 

As the name suggests the laminae of the inter-laminated sand and 

sil t s t o n e units are made up of alternating sands and s i l t s . Their 

constant position with respect t o the massive sandstones suggests a 

continuity of deposition, even though the mechanism may have altered. 

With the deposition of the sandstone af t e r reduction of the internal 

shear of the f l u i d , turbulent flow would be expected to be curt a i l e d . 
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A laminar boundary layer might then form, a condition suggested by 

Walker (1965) as influencing the appearance of laminations. Different­

i a l s e t t l i n g of grains through t h i s layer a l l i e d t o an intermittent 

supply of mixed sediment to the top of the layer would then produce 

the a l t e r n a t i n g laminae. The d e f i n i t i o n of the laminae would depend 

upon the frequency of the supply pulses, - whether s u f f i c i e n t time 

were available f o r s e t t l i n g of the grains. 

The mudstones of unit 'G' although s u p e r f i c i a l l y monotonous show 

a wide v a r i e t y i n t h e i r f i n e structure and content. They range from 

structureless units to beds which are being formed of minutely t h i n 

laminae which are marked by colour change which i s a result of the 

higher s i l t content. Continuous bands, layers or disseminated nodules 

of ironstone add to the permutations encountered. I n f o s s i l content 

there i s again great variety, with large stems of Calamitea and 

Lepidodendron scattered throughout the horizon whilst the smaller 

plant fragments are l i m i t e d i n the main to a t h i n layer at the upper 

junction. These include Alethopteris and Neuropteris leaves and fronds. 

The faunal content occurs i n three ways; as disseminated body f o s s i l s , 

normally of mussels and Estheria. but on occasion ( i n fact twice) whole 

f i s h have been found. At around f i f t e e n inches above the seam there i s 

a d i s t i n c t *mussel band', containing Niadites i n profusion. At the 

base of a number of ironstone bands there are accumulations of f i s h 

scales, those i d e n t i f i e d being of Rhabdoderma and Megalichthys. Along 

with these are trace f o s s i l s ; sand i n f i l l e d burrows and rootlets 

preserved by associated ironstone and marked by l i s t r i c surfaces. This 

l a s t feature i s also prominent i n the case of the mussels, again preserved 

by ironstone. A l l t h i s indicates a low rate of sedimentation, low 

enough to allow organic colonisation of the waters. The sediment i t s e l f 
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i s f i n e and i s thought to represent the l a s t f r a c t i o n of current 

suspended load which settles i n the s t i l l waters beyond the delta 

f r o n t . 

Unit 'H' i s a conglomerate of reworked ironstone nodules having 

a d i s t i n c t non-planar boundary with the sandstones of 'A' and a more 

diffuse upper boundary. I t thus represents the contact portion of 

the bed load and i t s blanketing of the channel bottom may be the 

cause of the o f f - s e t t i n g of subsequent courses. 
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2.3 Markov Analysis 

I n an area of such widely varying l i t h o f a c i e s as that with which 

t h i s thesis i s concerned, and where there i s l i t t l e v e r t i c a l exposure, 

i t was f e l t that some j u s t i f i c a t i o n was necessary f o r the projection 

of geology based on such scattered data. This j u s t i f i c a t i o n was 

sought i n a s t a t i s t i c a l analysis of the available data which would 

pick out s i g n i f i c a n t factors. Recently, sophisticated s t a t i s t i c a l 

techniques, such as the Markov Chain Analysis, have been used i n 

studies of the 'cyclic* nature of sedimentation i n the Coal Measures 

(Doveton I 9 7 I , Duff and Walton 1962, Read I969). These have i n the 

main been applied to lengthy borehole sections, but i t was here 

proposed to apply the method t o a number of isolated exposures i n 

order t o produce some normative sequence f o r the area. Thus, i f given 

one horizon i n the sequence, i t might be possible t o say what lay above. 

The sequences were analysed i n terms of transitions from one 

state t o another, a state being equivalent to a lith o - t y p e . I t 

would be possible t o consider the states also i n terms of thickness, 

i n which case there i s the p o s s i b i l i t y of having a t r a n s i t i o n from one 

lit h o - t y p e to i t s e l f , but across a thickness boundary. I n t h i s work, 

however, such a d i s t i n c t i o n was not applied, l i t h o l o g i c a l units being 

considered as separate e n t i t l e s and free from thickness l i m i t a t i o n s . 

This aspect of the data modifies the presentation t o an imbedded 

Markov Chain, i n terms of a 'tally-matrix'. For example:-

A B C 

A - n^2 ^13 

B n^^ - n23 

C n3^ n32 -

i n which the rows represent any given state and columns the suceeding 

state. On that basis n^^ i s the t o t a l number of transitions from B to C. 
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Note that the principal diagonal of the matrix i s not represented 

since t r a n s i t i o n from a given state to i t s e l f i s precluded. 

The Markov model i s one i n which the presence of a given state 

i s dependent upon the preceeding state, f o r a f i r s t - o r d e r model 

i. e . a memory of length one step. I n order to demonstrate the 

presence of such a memory a situation of independent events i s set 

as a n u l l kQrpothesis and a prediction calculated of the tall y - m a t r i x 

as i t would be i f the sequences were a randan collection of the 

component states. The observed matrix i s then tested against that 

predicted f o r independent events so as to indicate whether a s i g n i f ­

icant Markov-1 property i s present. The mechanics of the method are 

well covered by a number of authors (Anderson and Goodman 1 9 5 7 ) , and 

so only the results w i l l be considered here. 

Results 

A one step t r a n s i t i o n t a l l y - m a t r i x was produced f o r the 

available data and t h i s i s shown i n comparison with that f o r the 

independent events model i n Table 2 . 1 . Vlhen a Chi-squared test was 

applied to these the n u l l hypothesis was seen to stand. I n order to 

improve the possjEbility of success, which i s r e s t r i c t e d by the lack 

of data, the unit H was omitted and the procedure repeated, as i n 

Table 2 , 2 . This showed a rejection of the n u l l hypothesis and hence 

the presence of a f i r s t - o r d e r scheme. 

Each t r a n s i t i o n a l c e l l t a l l y was independently tested against 

i t s value predicted by the independent events model as a chi-squaxe 

test (At t h i s l e v e l , the data has only one degree of freedom and so 

appropriate allowance was made by the application of Yate's correction 

f o r c o n t i n u i t y t h r o u ^out.) Here again the lack of basic data i s a 

d i f f i c u l t y i n that a l t h o u ^ a Markov property i s present v/hen treated 



as a whole, the data show, no si g n i f i c a n t transitions when tested 

i n d i v i d u a l l y . 

Although not of assistance i n t h i s case, there remains hope f o r 

successful use of the method i f more new data can be obtained. 

3 7 
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Table 2.1 

Observed (o) and independent events model predictions (IE) of one-
step t a l l y matrices. (See Table 2 , 3 f o r key to states) 

0 

A B C D E P G H 

A - 6 2 2 6 5 0 1 

B 3 - 5 2 1 0 2 5 0 

C 3 3 - 2 1 2 1 0 

D 3 1 0 - 2 0 0 0 

E 6 2 3 3 - 2 2 0 

P 2 8 1 4 0 - 1 0 

G 4 6 3 1 1 8 - 0 

H 1 0 0 0 0 0 0 -

IE 

A B C D E P G H 

A - 5 . 5 0 3 . 1 6 3 . 1 6 4 . 2 1 4 . 0 1 1 . 9 1 0 . 4 0 

B 6 . 0 1 - 3.80 3.80 5 . 9 3 5 . 1 9 2 . 4 5 0 . 5 7 

C 2 . 3 1 2 . 7 4 - 1 . 4 8 2 . 1 1 2 . 0 0 0 . 9 5 0 . 2 2 

D 1 . 1 1 1 . 5 9 0 , 7 0 - 1 . 0 0 0 . 9 5 0 . 4 5 0 . 1 0 

E 4 . 3 2 4 . 3 4 2 . 3 4 2 . 3 4 - 3 . 1 6 1 . 4 9 0 . 3 4 

P 3 . 2 0 3 o 7 8 2 . 0 3 2 . 0 3 2 . 9 1 - 1 . 3 4 0 . 2 9 

G 5 . 1 7 6 . 1 1 3 . 2 9 3 . 2 9 4 . 7 0 4 . 4 5 - 0 . 4 8 

H 0.18 0.28 0 , 1 1 0 . 1 1 0 . 1 6 0 . 1 5 0 . 0 7 -

Chi-square t e s t value a 4 9 . 2 2 

at 3 6 d , f . and 5 per cent = 5 1 . 0 0 

Retention of n u l l hypothesis of independent events. 
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Table 2 . 2 

Observed (O) and independent events model predictions ( I E ) of one-

step t a l l y matrices when modified. (See Table 2 . 3 f o r key to states). 

A B C D E F G 

A - 6 2 2 6 5 0 

B 3 - 5 2 1 0 2 5 

C 3 3 - 2 1 2 1 

D 3 . 1 0 - 2 - 0 

E 6 2 3 3 - 2 2 

F 2 8 1 4 0 1 

G 4 6 3 1 1 8 -
IE 

A B C D E F G 

A - 5 . 3 5 2.88 2 . 8 8 4 . 1 1 3 . 9 0 1 . 8 5 

B 5 . 9 0 - 3 . 9 5 3 . 9 5 5 . 6 1 5 . 3 4 2 . 5 4 

C 2 . 2 6 2.82 - 1 . 5 1 2 . 1 6 2 . 0 5 0 . 9 7 

D 1.08 1.30 0 . 7 2 - 1.03 0 . 9 7 0 . 4 6 

E 3 . 6 0 4 . 4 5 2 . 3 9 2 . 3 9 - 3 . 2 5 1 . 5 5 

F 3 . 1 3 3 . 8 7 2 . 0 9 2 . 0 9 2 . 9 9 - 1 . 3 4 

G 4 . 8 4 5 . 9 9 3 . 2 1 3 . 2 1 4 . 6 0 4 . 3 6 — 

Chi-square t e s t value = 4 4 . 5 5 

at 2 5 d . f . and 5 per cent = 3 7 . 6 5 

Rejection of Independent events i n favour of Markov-1 property. 
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Table 2.3 

States considered i n the Markov analysis. 

A - massive sandstone. 

B - horizontally bedded sandstone. 

C - r i p p l e bedded sandstone. 

D - massive siltstones. 

E - bedded s i l t s t o n e . 

F - interlaminated sandstone and s i l t s t o n e . 

G - faunal mudstones. 

H - conglomerate. 
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2.4 Sole Marks used as Current Indicators 

The Sole marks considered here, a l t h o u ^ preserved as bottom 

structures of the sandstones, are features of erosional a c t i v i t y of 

a stream on a bed of cohesive clay, now mudstone. "The sculpturing 

depends on the fundamentally unbalanced transfer of matter from the 

bed to the flow." (Allen, 1971)• There are those marks which can 

be described as longitudinal, being extended i n the direction of the 

current. Others are of complex shape and f a l l i n t o the category of 

transverse erosional marks. 

There are two types of longitudinal erosion marks distinguished 

by scale and form and which are found i n two d i s t i n c t environments. 

The f i r s t i s the large basal r o l l associated with the channel sandstone 

facies, of up to 3 f t (0.90m) i n depth and 10 f t (3.05m) i n width and 
of i n d e f i n i t e length. With a diminishing thickness of sandstone the 

scale of these features also diminishes. As the l a t e r a l change from 

massive sandstone to t h i n l y laminated sandstone or inter-laminated 

sandstone and s i l t s t o n e occurs the longitudinal erosion marks approach 

one dimension. That i s i n the f l a t based sandy facies they are 

superseded by lineations. This r e f l e c t s the change i n current action 

between the two facies, as the l a t t e r i s an internal depositional 

feature associated with movement of sediment i n the base of the flow. 

I t appears as a 'bottom' structure due to the gradational aspect of the 

mudstone to sand/siltstone boundary. 

Numerous authors have noted that isolate f l u t e marks, transverse 

erosional marks, i n muds are s i t e d where p r i o r iiihomogeneities existed 

on the mud surface. The shape of the erosional mark produced w i l l 

be a function of the shape and orientation of the flaw, and of the current 

parameters. I n such a complex interaction the number of marks which 
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might result from one o r i g i n a l flaw and the multitude of paths which 

might end i n the same mark, i s great. Consequently only a qualitative 

description of the various forms i s given without reference to the 

mechanism of formation. 

The eroslonal mark I s seen as a depression, of variable complexity, 

bounded proximally by a rim which may be either cusped or rounded i n 

parts. The form of the depression i s defined by the principal furrow 

whose axis joins i t s lowest points. Where t h i s axis i s crescentlc i n 

form i t embraces a raised portion, d l s t a l l y the median ridge. On the 

basis of these features the marks may be c l a s s i f i e d and placed i n the 

correct orientation with respect to the flow; t h i s i s with the proximal 

or leading point facing upstream. 

Not a l l the forms described by Allen (l97l) have been observed 

although representatives of each of his two categories, symmetrical and 

asymmetrical are present. These are shown i n Figure 13 giving plan 

and longitudinal elevation. Most common of those depicted i s the 

spindle-shaped erosional mark, which i s a symmetrical form many times 

longer than i t i s wide and i s i n t h i s respect similar to the longitudinal 

marks. Normally the median ridge i s absent, apart from i n the d i s t a l 

region. The parabolic eroslonal mark varies i n dimensions from broad, 

with i t s width greater than i t s length to narrow when the opposite i s 

the case.' Unlike the axis of the spindle mark which i s s t r a i ^ t and 

aligned p a r a l l e l t o the current, the axis of the parabolic mark 

follows the rim i n plan'. The median ridge i s strongly developed. 

The simple eroslonal mark i s asymmetrical, the l a t e r a l d i s t o r t i o n 

being related to the flow direction. I t s basic shape i n plan i s 

similar to the narrow parabolic mark with i t s crescentlc principal 

furrow and i t s median ridge. I t i s the flanks however which show the 
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PARABOLIC SfWDLE SHAPED POYGONAL (symmetric) 

COmSCREW (after ALLEN) POLYGONAL (asymmetric) 

SIMPLE CLUSTERED 

SCHEMATIC REPRESENTATIONS OF OBSERVED TYPES OF 
TRANSVERSE EROSIONAL MARK. 

Fig. 13 
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difference. On the flank which makes the f i n e r angle with the flow 

direction the principal furrow i s strongly developed. The flank 

making the broader angle with the flow bears a group of sub-parallel 

secondary furrows, decreasing i n size outwards. 

The corkscrew erosional mark as described by Allen i s generally 

longer than wide and has a d i s t i n c t i v e form of rim divided i n t o two 

parts. One part i s cusped and twisted i n t o a h e l i c a l s p i r a l about 

a v e r t i c a l axis with the rim s t a r t i n g from the deepest part of the 

furrow. The axis of the principal furrow follows t h i s s p i r a l and 

then curves out i n t o the second part of the mark, the t a i l , as shown 

i n f i g u r e 13» a shallow curve convex towards the flow. Unlike Allen's 

picture of t h i s form one example has been observed i n which the 

h e l i c a l spire comprised the main bulk of the mark, the t a i l being 

v e s t i g a l . 

Due to the close l a t e r a l association of marks they appear i n 

placesrepresented by polygonal marks which have crests formed by 

overlapping of the rims. These may be symmetrical or asymmetrical. 

On the basis of shared crests these are classed as conjugate marks 

whilst the others are i s o l a t e . 

Further consideration of the associations of Isolate and conjugate 

marks has l e d to the d i s t i n c t i o n between heterogeneous and homogeneous 

assemblages. " I n a homogeneous assemblage there cannot be discerned 

i n the arrangement of the marks a pattern whose elements are of a 

l i n e a r scale larger than the l i n e a r scale of the marks themselves," 

^Allen, .1971). Heterogeneous assemblages on the other hand show 

patterns with elements of a scale larger than that of the individual 

marks. Of these heterogeneous assemblages only the clustered class 

has been observed. 
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2.5 Palaeocurrent Ana lys i s 

As w i t h the o the r g e o l o g i c a l observat ions made, the sampling 

g r i d has been determined by the l a y o u t o f the mine, and the 

exposure (hence the s a m p l e p i n t s ) determined by the r o o f c o n d i t i o n s . 

The d i s t r i b u t i o n o f sample p o i n t s i s thus one o f semi-random c l u s t e r s 

w i t h a b ias towards areas o f s t r o n g l y developed channels, which i s 

acceptable i n t h i s c o n t e x t . Thus areas o f v a r y i n g s ize and exposure 

have been demarcated and sampled, w i t h some areas outs ide t h a t o f the 

immediate s tudy be ing i n c l u d e d i n the a n a l y s i s . 

At the exposure l e v e l o f sampling, data var iance i s low i . e . 

t h e r e i s a w e l l de f ined t r e n d at t h a t p o i n t , w h i l s t there i s great 

v a r i a t i o n i n the mean between exposures. When each area o f exposure 

l e v e l upwards i s t aken separa te ly , as shown i n Table 2.4 v a r i a t i o n o f 

the mean and var iance occur, the mean v a r y i n g randomly a t lower l e v e l s 

w h i l s t t he var iance increases l o g a r i t h m i c a l l y w i t h i nc reas ing area 

of sample coverage. This l o g a r i t h m i c f u n c t i o n g ives a l i m i t i n g value 

2 

o f va r i ance o f the order o f 1125 f o r an area o f 0,575 km» which since 

i t i s l ow i s considered t o be i n d i c a t i v e o f a b ra ided r a t h e r than a 

meandering p a t t e r n o f drainage on a r e g i o n a l scale (Hamblin 1958, 

A l l e n 1968), having a r e g i o n a l azimuth f l o w d i r e c t i o n o f 112.4 degrees, 

(F igu re 14). 

T h i s d e f i n i t i o n o f the drainage p a t t e r n , independent ly o f the 

mapping o f the sandstone, i s h e l p f u l i n the i n t e r p r e t a t i o n o f t h e i r 

a rea! d i s t r i b u t i o n , which shov/s compl ica t ions due t o the in tenneshing 

of d i r e c t i o n a l data over areas j u s t g rea te r than t h a t o f exposure 

l e v e l . I f a b ra ided p a t t e r n i s accepted and the suppos i t ion t h a t the 

area i s 0.575 km , f o r which the data var iance becomes constant and 

represents the basic repeat area o f the p a t t e r n (analogous t o wave 

l e n g t h ) , then a model p a t t e r n can be set up . Devia t ions f rom t h i s 
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N 

VARIANCE = 1098 

Directions of crosional marks on 

base of roof sandstones 

A COMPARISON O F PALAEOCURRENT DETE^RM I NATIONS 

FROM THE B A S E OF THE ROOF SANDSTONES WITH THE 

AXIAL TRENDS OF SWILLEYS IN THE S E A M 

N 

6 -- 62 -8' 
VARIANCE = 372 

Directions of swilley courses 
Fig 14 
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p a t t e r n can then be e a s i l y f i l t e r e d out f r o m the observed data and 

exp la ined by recourse t o r e l e v a n t f ea tu res o f the sedimentat ion -

u s u a l l y i n the fo rm o f a diachronous r e l a t i o n s h i p between channel 

components o r crevass ing o f levee banks. 

Table. 2.4: VARIATION OF MEAN AND VARIMCE OF CURRENT DIRECTION 
WITH SAMPLING AREA. 

Mean o f cu r r en t 
d i r e c t i o n s . Variance Area (km^) 

T o t a l 112.40 1098.0 0.562 

No. 1 B l o c k , Riddings 110.66 1019.4 0.389 

Ferrymoor r e t r e a t workings 92.52 676.7 0.107 

9 's Face, Riddings 130.80 278.9 0.056 

Outbye c o m e r o f No. 2 b l o c k 155.90 80.6 0.010 

I n c o n s t r u c t i o n o f the model i t has been assumed t h a t the area 

2 
o f 0.575 km inc ludes h a l f o f t h a t area between l a t e r a l l y adjacent 

2 

b r a i d s , the r ec t ang le c o v e r i n g one b r a i d be ing reduced t o 0.365 km , 

w i t h s ides i n the r a t i o o f 1:6. The longest ax is i s g i v e n , the d i r e c t i o n 

112.4 degrees r ep re sen t i ng the r e g i o n a l t r e n d . Nodes l y i n g on t h i s ax is 

are g i v e n , the dual d i r e c t i o n s o f the stream j u n c t i o n s (9 + o* ) , The 

cu rva tu re away f rom the j u n c t i o n out onto the l imb o f the b r a i d i s an 

approx imat ion t o t h a t found by mapping o f i n d i v i d u a l l y d i s t i n c t b r a i d s . 

i is the mean of current directions and o- the standard deviation on 

the mean. 



48 

CHAPTER 3 

Synthes i s . 

Tor each o f the l i t h o l o g i c a l sub-sect ions dea l t w i t h i n the 

prev ious chapters a s p e c i f i c environment o f d e p o s i t i o n has been 

des igna ted . The l a t e r a l and v e r t i c a l d i s t r i b u t i o n s o f these 

environments must be considered i f a comprehensive p i c t u r e i s t o 

be g iven o f t h e e v o l u t i o n o f the volume o f rock which they as a 

whole f o r m . D i r e c t i o n a l c h a r a c t e r i s t i c s w i t h i n f a c i e s , and those 

o f f a c i e s as a whole, a l l o w syntheses o f the palaeogeographics t o 

be made. 

. The ' f o m a t i o n o f the sea tea r th h o r i z o n has been ascr ibed t o the 

m i g r a t i o n o f mudbanks, which support t h e i r own h y d r o p h i t i c vege t a t i on , 

i n advance o f c o l o n i s a t i o n by the c o a l f o r m i n g f l o r a . An example o f 

a r e l i c water course has been g iven by which t r a n s p o r t o f the sea tear th 

m a t e r i a l may have been e f f e c t e d . An i n d i c a t i o n o f the d i r e c t i o n o f 

t r a n s p o r t , and hence the d i r e c t i o n o f advance o f the coa l swamp, i s 

a l so g iven by t h i s f e a t u r e . 

The i n u n d a t i o n o f the peat swamp would appear t o have been 

f o l l o w e d by a p e r i o d o f slow d e p o s i t i o n and the accumulation o f banks 

o f mudstone sea tea r th , dark s i l t s t o n e , and c l a y i n shallow lakes 

between the deve lop ing d e l t a i c d i s t r i b u t i o n s . Al though not found 

over B lock 1 . , t h i n d i s c r e t e sandstone lenses have been observed l y i n g 

immedia te ly above the coa l and separated f rom the main d e l t a i c 

sandstone o f the h i g h e r r o o f . These are l o c a l i s e d and have a 

d i r e c t i o n a l t r e n d o f around 160 degrees. 

Over Block 1 are found two sandstone channel systems o f s i m i l a r 

• e l l i p t i c a l f o r m w i t h t h e i r major axes corresponding w i t h the o v e r a l l 

d i r e c t i o n a l t r e n d o f WNW - ESE. I n each case one branch o f the 
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extending levees 

Shoal 

water depth 
in nwtns. 

BIFURCATION OF A DISTRBUTARY CHANNEL ABOUT 

A MID-CHANNEL SHOAL (after W2lder,1955) 

Rg. 15 
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e l l i p s e i s i n the f o r m o f deeply i n c i s i v e channel sandstones, w h i l s t 

the o ther i s shown by grooves, e r o s i o n a l marks, and l i n e a t i o n s on a 

more r e g u l a r l y based sandstone. Dispersa l o f cu r r en t d i r e c t i o n s i s 

g rea t e r over the l a t t e r branch where the th ickness o f sandstone i s 

l e s s , and the s t r u c t u r e s are g e n e r a l l y o f a smal le r sca le . On the 

o ther hand the deeply i n c i s i v e branch shows t h i c k development o f 

sandstone, l a r g e scale c r o s s - s t r a t i f i c a t i o n , and e ros iona l s t r u c t u r e s 

a long w i t h an almost cons tan t , or o n l y s l o w l y v a r y i n g , cur ren t 

d i r e c t i o n . T h i s i s e x e m p l i f i e d by the fo rm o f the sandstone shown i n 

F igu re 16. 

T h i s contoured p l a n o f faces 5 t o 8 ( F i g , 16) shows the r ibbons 

of sandstone t o r i s e o f f the seam towards the outbye end o f the panels, 

w i t h a f u r t h e r i n c u r s i o n showing i t s e l f a t the extrane edge o f the 

a rea . Assuming t h i s t o be a f e a t u r e o f the channel i t s e l f and not one 

due t o an u n d u l a t i n g seam s u r f a c e , i t can be expla ined by the b i f u r c a t i o n 

of the stream around a mid-channel shoa l . Major channel pa t te rns i n 

a d e l t a are e s s e n t i a l l y those o r i g i n a l l y e s t ab l i shed under wa te r 

(Welder, 1955). Separate threads o f in tense t u r b u l e n t exchange of 

water and sediment p a r t i c l e s no rma l ly occur somewhat below mid-channel 

depth , towards the channel sides ( L e i g l i l y , 1932). Between these 

threads o f h i g h f o r w a r d t r a n s p o r t o f the l o a d , the water i s more s lack , 

f a v o u r i n g d e p o s i t i o n o f the l o a d . A mid-channel shoal thus forms 

s epa ra t i ng the channel i n t o two l e s s e r channels - t h i s occur ing i n 

the r e g i o n o f the disdharge o f the channel i n t o a l a r g e r body o f 

l a c u s t r i n e o r sea-water . ( F i g . 15). One o f these w i l l normal ly take 

precedence probably due t o the nature o f the o r i g i n a l channel - indeed, 

t h a t which cont inues the outer e ro s iona l regime. I n the low stage 

the r i v e r course w i l l take on a complicated anastomotic o r b ra ided 
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p a t t e r n f o l l o w i n g these p r e f e r r e d branches. W i t h the onset o f 

f l o o d c o n d i t i o n s s i m p l i f i c a t i o n o f the p a t t e r n occurs w i t h f l o w over 

each course and i n t e r j a c e n t bars o r shoals . 

I n con t r a s t t o the o ther areas o f sandstone encountered, t ha t 

sandstone which covers panels 10 and 11 shows extensive areas o f f l a t 

base which i n some places show a wide v a r i a t i o n i n cur ren t d i r e c t i o n . 

Areas o f e ros ive sandstone r o o f are l i m i t e d and i n c o n s i s t e n t , be ing 

s p l i t i n t o a number o f smal l channels not deeply i n c i s i v e . Away 

f r o m the immediate v i c i n i t y o f the e ros ive sandstone there i s , between 

the mudstone and sandstone ho r i zons , up t o 2 i n s . (0.05m) o f laminated 

mudstone, s i l t s t o n e , and f i n e sandstone - the base o f the sandstone 

proper b e i n g marked by a f i l m o f comminuted p l a n t d e b r i s . The 

sandstone i t s e l f i s around 7 i n s (0,17m) i n t h i ckness , f i n e g ra ined , 

and pure , w i t h l i t t l e i n t e r n a l v i s i b l e s t r u c t u r e . I t may be o v e r l a i n 

by another l amina te h o r i z o n or f o l l o w e d d i r e c t l y by mudstone o r massive 

grey s i l t s t o n e . 

Al though the ampli tude o f the basal r o l l s may be as much as 

10 i n s . (0.25m) a t the outbye end o f the panel , by the time the f a r end 

i s reached t hey are l o s t . Th i s i s not by t h e i r r i s i n g o f f the seam, 

s ince the th ickness o f sandstone i s not great enough t o accoimnodate 

them, bu t by f a n n i n g out o f the cu r r en t i n t o a l a r g e r body o f water 

t o g i v e a r i p p l e d sandstone. 

I n moving downstream along t h i s r i b b o n o f sandstone the 

t r a n s i t i o n can be seen f r o m the t r u e channel sands, a l thougj i i n t h i s 

case showing a b ra ided fo rm w i t h shal lows populated by a bur rowing 

f auna , out onto the d i s t r i b u t a r y mouth ba r . This change f rom p u r e l y 
open water 

d e l t a i c c o n d i t i o n s t o those o f d e l t a / m a j i n o i n t e r a c t i o n has caused 

the f a i l u r e o f e x t r a p o l a t i o n on the bas is o f the Palaeocurrent A n a l y s i s . 

I t may, however, prove v a l i d t o apply the same model t o the second, 
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h i g h e r phase o f channel sandstones as they over lap the f i r s t , t o the 

sou th-eas t . 

There appears t o be a f u l l cyc le f rom accumulation o f the coa l 

swamp on the emerging mudbanks o f the sea tea r th , t o f i n a l submergence 

under a f u r t h e r d e l t a i c advance - l e a d i n g up t o the marine i n c u r s i o n 

evidenced by the Shaf ton Marine Band. A seemingly anomalous po in t i n 

t h i s c y c l e i s the wide range o f t r a n s p o r t d i r e c t i o n between each 

phase and t h e i r s u b - p a r a l l e l r e l a t i o n s h i p t o the l i n e o f s p l i t t i n g o f 

the seam, (F igures 17 and 1 8 ) . On r e f l e c t i o n i t can be apprecia ted 

t h a t the s p l i t may be due no t t o subsidence of the area t o the n o r t h ­

east , but t o a l a t e r a l f a c i e s change f rom coal swamp t o a contemporary 

d i s t r i b u t a r y channel , caus ing subsidence on compaction o f the depos i t s . 

The d i f f e r e n c e i n ' r e g i o n a l ' t r ends appear then as mere l o c a l v a r i a t i o n s 

when viewed i n r e l a t i o n t o t h i s l a r g e scale f e a t u r e . 

T h i s v iew o f an e s s e n t i a l l y n o r t h - w e s t e r l y t r a n s p o r t d i r e c t i o n 

i s cons ' is tent w i t h the . emergence o f the n o r t h - e a s t e r l y t r e n d i n g 

Lancashire - South Yorksh i r e upland o f the E t r u r i a B e l t o f Palstage 2b, 

( a f t e r W i l l s , 1956). 
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CHAPTER 4 

GEOLOGY AND PRODUCTION 

The f o l l o w i n g chapter i s an at tempt t o r e l a t e v a r i a t i o n i n 

p r o d u c t i o n t o g e o l o g i c a l f a c t o r s a f f e c t i n g the work ing f a c e . Such 

v a r i a t i o n i s caused by los s o f t ime a v a i l a b l e f o r p roduc t ive e f f o r t , 

e .g . t ime spent c o r r e c t i n g mechanical f a u l t s e t c . , or by f a c t o r s 

which a f f e c t the r a t e o f p roduc t ive work d i r e c t l y , such as the 

s lowing o f c u t t i n g speed i n tougher s t r a t a , which cannot be recorded. 

Data a v a i l a b l e f o r the s tudy comes f rom the d a i l y records o f the 

p i t , i n wh ich i s g iven the advance i n shears and t h e t ime l o s t due 

t o mechanical , g e o l o g i c a l , and other causes per day. From t h i s 

i n f o r m a t i o n the f o l l o w i n g equat ion may be c o n s t r u c t e d : -

n = N - t + t 
-a S. -(1) 

where ' n ' i s the a c t u a l number o f shears per day, ' N ' the maximum 

number o f shears poss ib le per day wi thou t any delay t i m e , ' t ^ ' and 

' t , ' the t ime l o s t by mechanical and g e o l o g i c a l causes r e s p e c t i v e l y , 

and ' s ' t he t ime t o complete one shear. Rearranging equation ( l ) 

g ives a l i n e a r r e l a t i o n s h i p o f the f o r m , y = mx + c . 

v i z : N s - n s = t + t = T ( 2 ) 
m g •• 

The i n t e r c e p t on the y - a x i s i s the t ime a v a i l a b l e f o r shear ing 

per day, t h a t on the x - a x i s the maximum poss ib le shears per day, 

and the s lope i s the t ime t o complete one shear. This equation i s 

e s t a b l i s h e d f o r each i n d i v i d u a l f ace i n order t h a t the raw data may be 

c o r r e c t e d f o r mechanical delays be fo re use i n the de te rmina t ion o f 
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s tandard r a t e s o f advance under s p e c i f i e d g e o l o g i c a l c o n d i t i o n s . 

T h i s i s a t t a i n e d by computing the l e a s t squares regress ion l i n e o f 

'T* on ' n ' ( y on x ) which g ives values o f 's* f o r the slope and ' N ' 

f o r the i n t e r c e p t on the x - a x i s . Knowing the delay due t o mechanical 

causes per day i t i s then a simple mat te r t o o b t a i n the co r rec t ed 

r a t e o f advance, which i s the p o t e n t i a l advance under c e r t a i n 

g e o l o g i c a l c o n d i t i o n s , s ince on r ea r r ang ing equat ion ( l ) again the 

r e s u l t i s : -

n + t „ B N - t „ _m __g 
s s 

Working f r o m t h e l e f t hand s ide o f the equat ion , r a t h e r than us ing 

the recorded values o f ' t ' d i r e c t l y , overcomes the d i f f i c u l t y o f 

making al lowance f o r the d i r e c t l y e f f e c t i v e g e o l o g i c a l f a c t o r s 

whose e f f e c t proves imposs ib le to r e c o r d . 

The l a c k o f c o r r e l a t i o n apparent f o r some o f the T / n data 

sets i s .due t o the somewhat s u b j e c t i v e r e c o r d i n g o f delay times 

and causes, and also t o the l eng then ing o f the day (an increase i n 

'Ns ' - the t ime a v a i l a b l e ) by overt ime work - a f e a t u r e f o r which 

i t would be ext remely d i f f i c u l t t o make a l lowance. Thus i n cases 

where the c o r r e l a t i o n c o e f f i c i e n t ' r ' , f o r the T / n data sets , may 

have a r i s e n by chance, (determined by The Student ' s t v a l u e * the 

99JS conf idence l e v e l ) , a mechanical smoothing has been app l i ed t o 

the c o r r e c t e d shears per day da ta . 

.(3) 
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Table 4.1: DATA RELATING TO EQUATION (2) FOR THE EIGHT FACES IN BLOCK 1 

Face No. o f Equat ions- N 
Observ- T = Ns - ns 
a t i o n s 

1 38 T = 768.8 - 14.09n 54.72 -O.8O5 8,12 3.60 

2 40 T = 801.3 - 14.04n 57.07 -0,740 6.76 3.55 

3 48 T e 654.5 - 5.53n 118,40 -0.455 3.45 3.50* 

4 43 E = 806.5 - 17.57n 63.OO -O.671 5.79 3.55 

5 26 T o 947.8 - 15.19n 62.40 -0.783 6.16 3.75 

6 26 T = 813 .7 - 11.64n 69.91 -0.738 5.35 3.75 

7 27 T = 1066.5 - 20.60n 51.80 -0.491 2.80 3.75* 

8 26 T = 985.6 - 18.10n 54.42 -0.888 9.46 3.75 

( f aces f o r which c o r r e l a t i o n i s d o u b t f u l * ) 

The c o r r e l a t i o n c o e f f i c i e n t ' r ' checks the v a l i d i t y o f the data 

f o r each f ace i n d i v i d u a l l y . However, d i f f e r e n c e s i n the o ther 

constants are present between the e igh t f aces , even where ' r ' i s 

s i m i l a r e . g . t he values o f ' N ' between faces 2 and 6. When C h i -

square t e s t s are a p p l i e d t o t h i s apparen t ly w i d e l y v a r y i n g parameter 

and a l so t o the *s* and *Ns' data sets across the s i x faces w i t h ' r ' 

g r ea t e r t h a n 0,5, i t is- seen t h a t the re i s no s i g n i f i c a n t d i f f e r e n c e 

i n t he values o f ' N ' and ' s ' at the 59S l e v e l . Nevertheless , the 

d i f f e r e n c e i s s i g n i f i c a n t f o r values o f ' N s ' . T h i s i s probably a 

r e s u l t o f choosing the regress ion o f ' T ' on ' n ' - r a the r than 'n* on ' T ' , 

and i s q u i t e acceptable s ince the values o f ' N ' and ' s ' are f o r use i n 

c o n s t r u c t i o n o f equa t ion (1) - which becomes on s u b s t i t u t i o n o f the 

above average values f o r ' N ' and ' s*i-

n = 60,25 - \ - ^ t ^ 

15.10 

Having ob ta ined t h i s equat ion i t s use must be considered. The f i r s t 

use has been covered by Smith, 1971 (unpubl ished as y e t ) and gives 

an es t imate o f the ra tes o f p roduc t ion t o be expected dur ing the 

p > 99«jr6 In both coses but have arisen by chance. 
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l i f e o f a f a c e . Th i s es t imate a l lows a balance t o be mainta ined 

between p r o d u c t i o n and develojment work at the p i t and between 

p r o d u c t i o n and consumer demand. 

Table 4 . 2 : FORECAST AH3) ACTUAL PRODUCTIOK RESULTS RELATING TO 
6 's RETREAT FACE. 

Dis tance t r a v e l l e d by f a c e . 

Time i n days t o complete f a c e . 

T o t a l number o f s t r i p s . 

Average t ime l o s t per day due 
t o mechanical f a i l u r e . 

Adva^ice per s t r i p 

Saleable tons per shear. 

Saleable tons per day. 

Forecast 

1590 f t . 

31.56 

924 

317 mins . 

1.72 f t . 

55.8 

1634 

A c t u a l 

1595 f t . 

30.66 

1002 

247 mins . 

1.59 f t . 

56.0 

1810 

I n order t o use the equa t ion i n t h i s way, the term ^t^* 

mast be s p e c i f i e d i n some way as w e l l as ' t ' , Smith hav ing done 

t h i s by assuming f o r ' t ^ ' the value over the proceeding faces o f 

the average d a i l y delay due t o mechanical causes. The r e s u l t s o f 

p r e d i c t i o n on t h i s b a s i s , (see Table 4.2 and F i g . l 9 ) , summed over 

the l i f e o f the f a c e , are found t o l i e w i t h i n reasonable l i m i t s 

o f e r r o r showing i t t o be a v a l i d a p p l i c a t i o n . Al though t h i s i s 

the case f o r the t o t a l l i f e o f the f a c e , when the p r ed i c t ed ra tes 

f o r elements o f the f ace advance, i n t h i s case days, are examined 

aga ins t a c t u a l r a t e s , they are found t o be i naccu ra t e . This i s 

due t o the f a c t t h a t when the face i s considered as a whole the 

p r o b a b i l i t y i s r e l a t i v e l y h i g h (0.37m) t h a t the a c t u a l average value 

o f ' t ' f o r the face i s c lose t o t ha t assumed. On the o ther hand, 
m 

the p r o b a b i l i t y i s somewhat lower (O.15) t h a t the a c t u a l va lue o f 

• t ' f o r an element o f the f ace advance i s c lose t o t ha t assumed, 
m 

(See Appendix 2 ) . 
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Thus i n Smith's application equation (4) becomes;-

n . 60.25 - 317 + t 
15.10 

n = 60.25 - 20.99 -
15.10 

n = 39.26 - t ^ 
15.10 

giving a maximum value f o r 'n' which i s frequently exceeded i n practice, 

I f , on the other hand, the equation i s used not to predict 

actual production rates but to assess the maximum possible rates 

under specific geological conditions, i . e . no caay due to mechanical 

causes, the term ' t ^ ' becomes equal to zero and equation (1) becomes:-

n = 60.25 - n 

The maximum value of 'n* i s now much closer to r e a l i t y than i n the 

previous case. .Providing s u f f i c i e n t geological evidence i s available, 

t h i s l a t t e r case could be used at any time to assess the v i a b i l i t y 

of projected workings within the same system. I t i s then a 

quantitative assessment of the effect of geology i n worked areas 

which can then be applied to q u a l i t a t i v e l y similar areas of projected 

workings. 

The rate of production under specific geological conditions i s 

found empirically by p l o t t i n g the corrected rates of advance per day 

against the actual advance, the mean value of 'n' being taken f o r 

each condition. (Table 4,3 gives the values of 'n' so derived whilst 

the histograms are t o be found i n Appendix 1.) The significant 

variations i n rates of advance per day are picked out by the use of 

control l i n e s at n «. N + Ŝ , where i s the standard error of estimate 

on the o r i g i n a l T/n data, which covers the inate variations i n 'N' 

caused by the use of the correlation o f 'T' on 'n'. 
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Table 4.3: RATES OF FACE ADVANCE TSMER SPECIFIC GEOLOGICAL CONDITIONS 

Geological condition. Rate of advajice 
(shears per day) 

Normally competent mudstone roof. 60.25 + 5•47 

Channel sandstone with a regular base 55.28 + 2,50 
at around 15". 

Channel sandstone with 'ramble' base 44.71 + 8»10 
normally below 15". 

Channel sandstone with 'ramble' base 41.20 + 4.59 
i n t r u s i v e i n t o the seam. 

Channel sandstone w i t h a regular base -59»00 + 1.49 
resting on or immediately above the seam. 

Mudstone seatearth l y i n g above the seam. 39.00 + 3.00 

The results tabulated above are based on consistent variations 

i n advance potential a t t r i b u t a b l e t o the geological conditions. I t 

w i l l be noticed that the highest rates of advance are to be found 

under a normal mudstone roof, although accompanied by a wide range 

of possible rates. This i s i n a l l probability a function of the 

competency of the roof material and i s related to the amount of 

fr a c t u r i n g w i t h i n i t . Decrease i n advance rates may thus be expected 

with the proximity of stress concentration caused by f a u l t i n g , mine 

openings, and sedimentary discontinuities such as channel edges. 

Explanation of the effects of other conditions to some extent follows 

t h i s l i n e of reasoning, A regularly based sandstone a short way above 

the seam causes l i t t l e disruption of the immediate mudstone roof and 

advance rates are correspondingly hight With decreasing regularity i n 

the base of the sandstone comes an increased disruption and hence a 

decrease i n advance. Here, however, other factors come into operation, 

f o r , when the 'ramble' base of the sandstone reaches the seam the 

problem changes from one of supporting an unstable roof to one of 

cu t t i n g a very hard material. This can produce some of the lowest 

advance potentials of a l l with a h i ^ rate of wear on machinery. I f , 

however, an immediate roof of sandstone has a f l a t base then both 
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c u t t i n g , and the majority of support problems, disappear allowing 

high advance potentials. The only problem which remains i s that 

associated with the size of the sandstone body - i f competent and 

l a t e r a l l y extensive, i t s hanging back over the waste exerts a 

lever effect on the coal face causing weighting, crushing, and 

closure of the face. I f broken, then individual blocks of sandstone 

may have a similar, a l b e i t a more localised ef f e c t , giving the same 

reduced advance. The mudstone seatearth overlying the seam causes a 

general reduction i n advance regardless of i t s own thickness, by 

v i r t u e of i t s providing a plane of separation f o r the higher roof 

measures whatever i t s development. 

Although the production histograms show that f a u l t s do have a 

strong effect on advance, i t has proved impossible to produce 

any f u l l y consistent quantitative assessment of the relationship. 

I t i s suggested that the factors governing such a relationship may be 

the angle which the f a u l t system makes with the face l i n e since t h i s 

determines the time f o r which the face w i l l be affected and the 

proportion of the face affected a t any one time. Other factors 

include the throw of the f a u l t , or f a u l t s , and the number of individual 

f a u l t s which make up the system as t h i s i s some measure of the 

disruptive effect on the roof measures. Similarly, underworkings 

have been omitted from the table although a possible correlation 

with advance rates does exist. I t i s f e l t that an interaction of texitonic 

and mining induced stresses may be the cause of some of the more 

anomalous data. This i s especially so since the geometry of mine 

openings i n lower seams i s i n a large part determined by the f a u l t i n g 

and hence any effects of the mine openings are superimposed or overlap. 

The effects of the variety of conditions tabulated are not 

normally additive, the resultant normally being equivalent to the 
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maximum effe c t i v e component. Faulting and underworking do however 

have an additional e f f e c t . 

The analysis set out i n t h i s chapter may prove t o be an 

oversimplification i n that a continuous spectrum of geological 

conditions and advance rates are broken down int o a stepwise sequence. 

Also, the geology i s based on observations i n the gate roads f o r the 

face and thus may overlook variation along the face l i n e although 

the effect on production does appear to be greatest where any given 

condition crosses the gates. The actual form of variation i n advance 

rates i s more complex involving excessive losses i n advance, as 

adverse conditions are f i r s t met, followed by a gradual rise as these 

are brought under control. (Fig. 20a). 

I t has been noted that when calculating the regression equation, 

T = Ns - ns, f o r each face, some d i r e c t l y effective geological 

factors ( t j j ) have been overlooked, since i t i s impossible to record 

them i n terms of delay. These normally result i n a slowing of cut t i n g 

speed, giving an increased instantaneous value fcr 's'. The same 

result i s obtained by considering a decrease i n the value of 'T'. 

The factor tj^ i s only operative during the actual cutting time and 

i s therefore equal to zero when no advance i s made and also when the 

geology has no effect i . e . when 'n' i s a maximum. Between these two 

l i m i t s , however, may be effective i n causing a lowering i n the 

value of 'n* f o r a given value of 'T', the data points being offset 

to the l e f t of the true straight l i n e function, as i s the resulting 

regression l i n e . ( F ig. 20b). An underestimate of advance potentials 

i s thus possible, a l t h o u ^ i t s magnitude i s probably outweighed by the 

inaccuracy of the basic assumption of a step-wise treatment of advance. 
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Since the adoption of t h i s technique of presentation of geology 

to management, improvements i n advance rates have ensued. Whether 

t h i s i s due to a better understanding and anticipation of the effects 

of geology on working, or whether i t merely provides an incentive to 

do better than the predictions, i s d i f f i c u l t to say. What i s notice­

able i s that although advance rates have increased, daily tonnage has 

not kept pace i n some areas - an indication of coal being l e f t i n 

place as a control on the roof, i n anticipation of problems. 

A f u r t h e r point- worthy of note i s the difference i n the times 

available f o r shearing and hence the d i f f e r i n g potentials of the two 

c o l l i e r i e s Biddings and Ferrymoor (Fig. 21) - even though the two 

c o l l i e r i e s work the same system i n the same seam. I t had been 

assumed that the difference was due to a more intense effect of gaiogy 

at Ferrymoor. This does not now seem to be the case - the analysis 

showing i t to be a matter of l o g i s t i c s , e f f e c t i v e l y a shorter woiking 

day. 
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CONCLDSIQNS. 

Taking the two aims of the study separately, i t can be seen 

that the attempt to project the geology of known areas into the 

unknown has met with only l i m i t e d success. Although each geological 

environment i s known, and i t i s hoped understood i n i t s e l f and i n i t s 

relations with others, the spatial d i s t r i b u t i o n of the t o t a l environ­

ment i s at present too complex a parameter to work with. An instance 

of t h i s i s that although i t i s understood that the swilleys may be 

f o s s i l water courses, that t h e i r form stems from t h i s , and that they 

are l i n e a r features, i t i s d i f f i c u l t to go much further. At present 

an inspired guess i s a l l that can predict individual or small scale 

features, the more sophisticated s t a t i s t i c a l techniques being applicable 

only to generalities. For example, i t could be confidently stated 

that the trend of sandstone bodies i n the roof of the seam over Block 2 

was 112 degrees - a piece of information which should have been helpful 

i n planning the layout of extraction panels. 

The method of assessment of capability has proved successful and 

useful and, assuming a constant revision to meet new conditions and 

the improved techniques which i t fosters, may make a useful t o o l . 
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AFPEWDIX I -

PHOTOGRAPHY. 

Due to the safety regulations applying to coal mines i t i s 

impossible to use a normal f l a s h l i g h t i n g arrangement underground. 

The q u a l i t y of the photographs therefore on occasion leaves scmething 

to be desired. They do, however, give a reasonable impression of 

exposures and rock types found during the course of the study. 

Equipment used was as follows: 

Camera : Zenith B, a single lens r e f l e x camera with an Industar 50 lens. 

Lighting : By standard cap-lajmp 

Film : Kodak Tri-X Professional. 

The camera was t r i p o d mounted and a timed exposure used of between 

50 and 65 seconds at f4 or f5.6 dependent upon the r e f l e c t i v i t y and 

contrast of the subject. The subject was illuminated by 'painting' 

with the cap-lamp, which involves, slowly moving the l i g h t beam back 

and f o r t h across the subject. A point of pra c t i c a l importance i s t o 

ensure that the edges of the frame are given s u f f i c i e n t l i g h t i n g and 

the centre not over illuminated i n order to give an even exposure. 

THE PLATES: 

1. A strongly erosive sandstone r o l l i n 8*s main gate, c u t t i n g 

through the mudstone to the t h i n roof coal. Ccmpactional 

stresses associatedwith the 'intrusive' sandstone body have 

ca,used the d i s t o r t i o n of the roof coal seen to the r i g h t of the 

pencil. 

60 seconds - f5.6 

2. Ripple-drifted sandstone with lenses of s i l t s t o n e . 8*s main gate. 

50 seconds - f5.6 Uneven illumination. 



3. Large i n s i t u stems of Calamites, preserved i n sandstone i n 

massive s i l t s t o n e , a sub-aerial levee environment. 8*s t a i l gate. 

50 seconds - f5.6 

4. Ifcidstone, becoming s i l t y towards the rippled junction, with a 

f i n e s i l t y sandstone which i s i n tu r n overlain by s i l t y mudstone 

with a further sandstone band and then by massive sandstone. 

B's t a i l gate. 

60 seconds - f5,6 

5. The junction between mudstone and sandstone, f a i r l y regular with 

the mudstone parting to i t . B's t a i l gate. 

65 seconds - f5.6 

6. A cross-section of a small basal r o l l with a linear groove 

alongside. B's t a i l gate. 

60 seconds - f5.6 

7. Large scale cross-bedding, 9" thick. B's t a i l gate. 

60 seconds - f4 

B. A laminated sandstone cut by a body of massive sandstone, the 

whole being overlain by siltstones. 9's t a i l g i t e . 

60 seconds - f5.6 

9. A lens of laminated sandstone l y i n g between the roof coal and 

mudstones. 9's t a i l gate. 

65 seconds - f4 

10. A large r o l l of massive sandstone causing d i f f i c u l t roof control 

problems. 

60 seconds - f5.6 

11. A compactional, rotati o n a l s l i p shown by s i l t y mudstone l y i n g 

discordantly upon a mudstone, the junction being a zone of 

crushed mudstone material. 9's development road. 

60 seconds - f5.6 

12. A contorted and nmssive siltsto n e c u t t i n g through horizontally 

laminated sandstone and s i l t s t o n e , overlain by undisturbed 



sandstone and s i l t s t o n e . 8's main gate junction with the 

south side materials road. 

60 seconds - f5.6 

13. Small scale t r a i n - d r i f t w i t h i n horizontal laminae of s i l t 

and sandstone. 8's main gate junction. 

50 seconds - f5.6 

14. A small high angle f a u l t on the outbye edge of the swilley 

i n 7's t a i l gate. 

60 seconds - f4 



Plate 1. 



Plate 2. 



P l a t e 3. 



P l a t e 4, 



P l a t e 5. 



P l a t e 6. 



P l a t e 7. 



P l a t e 8. 
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P l a t e 9. 
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P l a t e 10. 



P l a t e 11. 



P l a t e 12. 



P l a t e 13. 



P l a t e 14. 
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Production Data 

COLOUR CODE FOR GEOIOGIC CONDITIONS: 
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Average value of fo r faces 1. to 7 = 326 mins. standard 

deviation of this mean = 52 mins. 

Probability of any actual average value of t^ fo r any one face lying 

within = 25 mins of this value = 0,368. This can be taken as the 

probability that the average value of t ^ for face 8 w i l l be 326 + 25 mins. 

Average value of t^ from the daily values over the l i f e of face 8 » 

330 mins. 

Standard deviation of this mean =134 mins. 

The probability that the value of t ^ for any one day would l i e within 

the range 326 + 25 mins = 0,151. 
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Diagrams relat ing to the Shafton Seam Spl i t . 
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