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P R E F A C E 
(by Andre Di p \ R r i r E ' ) 

The leseaixli \\ork carried out by Mr. John R. 
Fanshawe at the geological laboratory of the Univer
sity of Lille has produced an important contribution 
tf) the microscopical study of coal, and permits the 
deciding of certain divers controversies. 

First of all, llie iiK'Afioil oj iiivcslicjatinn used in these 
researches — not having given satisfactory results to 
all who have employed it — has provoked criticism and 
has given rise lo erroneous statements, entirely unjus
tified. The most serious ol them is to admit with 
Legray, Turner, Randall, and Seyler that attack only 
can bring the structure of a:ithraciles into evidence. 
The figures contained in plates I and II of this 
iiienioire, which have been obtencd from .surfaces merely 
jtiiHaliexi, are sufficient to refute that staleinent and to 
show that one can obtain, by polish alone, structure 
much clearer than any other figiues of anthracites 
which have been polished and attacked. 

Although the identity of nrigin nj the hiluminous 
cort/.s and the aniJuaclfes has been affirmed many 
limes, the study of the intermediary coals (semi-bitu
minous or coking coals), which in this hypothesis consti-
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t u t e t h e l i n k of ihe c h a i n l i e t n c e n t h e s e e x t r e m e t y p e s , 

h a s h a r d l y b e e n l o u e h c d e x c e p t i n F r u n c e w h e r e it* 

l i a s r e c i n v e d a r .at isfuctory e x p l a n a t i o n . T h e r e a s o n s fur 

t h i s l a c k of s l ; i i l \ mii.st b e i o i i n d in t h e f a c t t h a t 

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

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

i n v e s t i g a t i o n a n d t h a t t l i e m e t l i o d of s i m p l e p o l i s h h a s 

p r o v e d e f f e c t i v e . T h e s t u d y of A m e r i c a n c o k i n g c o a l s 

h a s a l l o w e d M r . F a n s h a w e t o s h o s v t h e i d e n t i t y of t h e 

s t r i i c t n r e of t h o s e c o m b u s t i b l e s w i t h t h e s a m e r a n k 

coals of tfie n o r t h of F r a n c e , w h i c l i I h a v e d e s c r i b e d 

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

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

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

s e n c e of li(jn(i-celkd<:sic c o a l s i n t h e A m e r i c a n c o a l 

m e a s u r e s , MJiich f a c t l i a s b e e n m e n t i o n e d b v J e f f r e y . 

S e c o n d l y , t h e s t u d y of t h e íínífirí/cí'ít's of P e n n s y l v a n i a , 

w h i c h — l i k e t h e homlks. (inthracileuses of t h e n o r t h 

of F i a n c e — r e v e a l s their duuUly oj orirjin c o m i n g 

f r o m d e p o s i t s s i m i l a r t o t h o s e ^ \ h i c h h a v e d e v e l o p e d 

i n t o c o k i n g c o a l s ( l i g n o - c e l l u l o s i c d e p o s i t s ) , a n d t h o s e 

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

in e n t i n e ) , s h o w s t h a i if, b e l v \ e c u t h e t r u e a n t h r a c i t e s 

a n d t h e s e n n - a n l h r a c i l e s , t l i e r e e x i s t s a d i f f e r e n c e in 

c h e m i c a l c o m p o s i t i o n llwir lilhalogicol .structures arc 

strictly identical. 

T h e o l i s e r v a t i o n s of M r . F a n s h a w e o n t h e A m e 

r i c a n c o k i n g c o a l s a n d a n t h r a c i t e s g o v e r y n i c e l y to 

c o m p l e t e J c f f r e v ' s o b s e r v a t i o n s o n t h e b i t u m i n o u s 

c o a l s . F r o m t h e c o m b i n a t i o n of t h e s e w o r k s o n e c a n 
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conclude that the American coals present exactly the 
same general characterislics as those from the north of 
France which are derived, as 1 have previously pointed 
out, from two types of initial deposit, one of which 
was chiefly rich in hgnified tissues (wood, scleren-
chyme) while the other contained almost exclusively 
cutinised vegetable bodies (spores, cuticles). The paleo
zoic American coals, then, fall naturally into two large 
combustible classes to which 1 have applied, in the 
northern and central parts of France, the terms houillex 
ligno-cellulosiques and houilles de cutine. 

The plates with this mémoire show that, in the 
present stage of our developments, the method of 
preparation of surfaces of paleozoic ' coals for exami
nation with the metallographic iiucroscope by polish 
alone gives results much superior to those gotten by 
the other methods of investigation (thin-sections, 
microtome sections, macerations, and incineration or 
ash methods). 

Moreover, this method, which has been used since 
igaa at the University of Lille in the coal era museum 
and in the geological laboratory where all the organi
zation is due to the initiative of M. Charles Barrois, 
recommends itself by its great simplicity^ and can be 
used indiscriminately for paleozoic coals of all cate
gories and for combustibles more recent. •— Employing 
no process of attack or enrobage, this method has, 
above all, the advantage of violating in no way the 
natural structure of the combustible sediment so sen
sible to reagents, especially oxydants. 
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The contribution now brought forth by Mr. 
Fanshawe to aid our knowledge about paleozoic coals 
has the high merit of generalizing the results arrived 
at for the u Bassin houiller )) of the north of France 
and of applying and verifying them with a certain 
number of American coals. 

L I L L E , June io, igSo. 

A N D R É D U P A R Q U E , 

Laboratoire de Géologie et Minéralogie 
de l'Université de Lille. 



F i g u r e 1 

Typical coking coal from the Miller seam 





I N T R O D U C T I O N 

The purpose of ihis work is two-fold : to inlrodiice 
a quick and useful method of preparing coal for study 
under the microscope ; and b\ (he application of this 
method, to show certani relalions arid differences hcl-
ween coking coals and anthracites. I had also in mind 
to compare American semibituminons and anthracite 
coals with those of France, but as the former are 
nearly identical in form and structure, I have empha
sised the more interesting and instructive problem of 
comparing the two ranks of coal mentioned. As far 
as I know, no work of any importance has been done 
on coking coals from ihe point ol view of microscopical 
structure and contents (except for those of Duparque) " * 
on account of their fragility and the consequent diffi
culty in preparing specimens for scrutiny under the 
microscope, either as thin sections or polished surfaces. 

(*] Numbers are references to tfie Bibliograpfiy at 
the end of the text. 
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T h a t f a c t , t o g e t h e r w i t h n e w i n t e r e s t i n g d a t a o n t l i e 

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

p r e s e n t t h i s w o r k f o r p u h l i c a l i o n . I t is s u h m i t t e d i n 

t h e h o p e of a i d i n g a n d f i n - t h e r i n g o u r l i m i t e d k n o w 

l e d g e a h o u t c o a l . 

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

a M e m p l e d c o r r e l a t i o n l i e l w e e n t h e i ' e n n s y I v a n i a f o r m a 

t i o n s of t h e A p p a l a c h i a n s a n d t h e W e s l p h a l i a n a n d 

S t e p h a n i a n f o r m a t i o n s of F r a n c e , e s p e c i a l l y t h o s e of 

t h e B a s s i n d u N o r d . I t is d i f f i c u l t b e c a u s e of d i f f e r e n t 

n a m e s f o r s o m e of t h e p l a n t s , a n d t h e d i f f e r e n t t i m e 

r a n g e s for s o m e s p e c i e s ; so I c a n \ o u c h for it as b e i n g 

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

d a t a I S t o b e b a d for a g o o d c o m p a r a t i v e t a b u l a t i o n of 

t h e t w o r e g i o n s . 

1 h a \ G s p e n t o n e y e a r at L i l l e in p i - e p a r i n g t h i s t h e 

s i s , a n d T l e a v e w i t h r e g r e t . I w i s h to t l i a n k t h e 

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

e x p r e s s m y g r a t i t u d e a n d a p p r e c i a t i o n t o P r o f e s s o r 

P i e r r e P r u v o s t , b e c a u s e of w h o m 1 f irst c a m e t o L i l l e , 

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

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

H a v i n g m a d e h i s a c q u a i n t a n c e a n d w o r k e d w i t h h i m 

a r e p r i v i l e g e s n e v e r t o b e f o r g o t t e n . T o P r o f e s s o r 

A n d r é D v i p a r q u e , w h o s e e x c e l l e n t p r e v i o u s r e s e a r c h 

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

t i o n it h a s b e e n p r e p a r e d — e s p e c i a l l y t h e p h o t o g r a p h s 

— 1 a m a l s o i n d e b t e d . P r o f e s s o r C d i a r l e s P a r r o i s , a 

o n e - t i m e s t u d e n t of J a m e s H a l l , a l t h o u g h n o w r e t i r e d 

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

file:///ouch
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students ; and has lurnlshed many helplul ideas in 
discussions. Paul Bertrand, Profcss<jr of Paleoijotauy, 
has been very kind and aided me greatly in the work 
of chronological corelalion. 

In America, I wauf to thank Doctor . T. Tbnni 
of Princeton Unisersity for his constant help and for 
the specimens he sent ; Professor II. G. Turner of 
Lebeigh University, for his publications and coal 
samples ; Mr. ,1. II. Rose of the Koppers Company in 
Pittsbui-g for the samples of cokings coal so kindly 
forwarded ; and Professor Richard M. Field of Prin-
celon University, who was responsible for selecting 
Ldle, and who - in coperatioii with Doctor Pruvost — 
made it possible for me to work m La Belle France. 





II 

C O M P A R I S O N O F T H E O R I E S 

O N C O A L F O R M A T I O N 

All s c i e n c e s are founded upon wrecks of discarded 
theories, and this is especially true ol Geology. \̂  hat 
was accepted as truth yesterday, is doubled today and 
discarded tomorrow, perhaps for ever or to reappear 
in later limes in a changed form, again supreme. This 
changing path, the stepping stones from past to 
present, Ihis evolution of common sense, presents a 
fascinating story o n which is based our still imperfect 
science. 

Unfortunately destruction is e a s i e r than construc
tion, and while it is often an easy matter to point out 
faults in an existing or past thery, to reconstruct that 
idea or to produce another one that holds water more 
effectively is a problem often undertaken unsuccess
fully. 

To better present any work on coal formation, a 
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rrsiiiue of (uo pj'iiicjjjal existmi' theories on coal for
mation would not he amiss. Men in whose works thev 
can he found are II. Potonie , Jules Cornet and 
Murray Stewart ; and each theory has many suppor
ters as well as proofs or points in its favour. An unders
tanding of these large scale items is necessary before 
the study of the microstructui-c can be helpful ; for 
one must work with sonic hypothesis in mind, 
following the evidence presented — whether it destroys 
or strengthens one's beliefs of the moment. 

Today, the fact that coal is of vegetable, not mineral, 
origin is generally accepted ; and all theories are based 
on that premise. The prolilem is : How did such huge 
имь-чеб of plants eoine to be accumulated ; and after 
the a(4'nmulation, how have thev reached their present 
form ? \ bed of coal, accordmg to some savants, 
represents hut one fourth of the original thickness ; 
so it can be easily appreciated what a stupendous 
priniarv deposit is represented by a vein two metres 
tliick. To explain this, we must grant the existance of 
lujne forests of rapid growing plants, in or near water, 
together with a climate favourable for their continued 
flciurishing. The tossd stumps and tree trunks found 
throimhout the \N orld's carboniferous deposits show 
П Я seasonal growth rings, indicate a remarkable abi-
lilv for absorbing much water, grew rapidly, and have 
a marked similarity to our present day torrid zone 
swamp flora. Professor P. Bertrand ''̂  because of 
these points, is of the opinion that the then climate 
was warm, humid or raim, and uniform; perhaps 
coi'rcsponding to our subtropical climate in Spring. 
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D O C T O R D A \ I ( ] ^ \ L ] J ! E H G I - E E S U I L L I I H E S E C O N C L U S I O N S , 

N N C L H A S N O L C D I H N I I C P I N N I N P ; O F ( L I N I A T I C \ n f i a t i 0 n 5 I N 

T H E L F ) P E R S T E [ ) L I A ) U A N H E C A I I S U O F T H E A P P E A R A N C E O F 

L A R G E R I I I I D S T I ' o n 2 ( ; R T R E E S C O N T A I N I N G F A I N L G R O W L H R I N G S 

ILL T H E I R H O R I Z O N T A L T R U N K C R O S S - S E C T I O N . A L T H O U G H C O N 

T R A R Y T O A N Y T H I N G W H I C H E X I S T S T O D A Y , T H A T E X P L A N A T I O N 

S E E M S T O H E T H E O N L Y O N E N H I C H C A N A C C O U N T F O R A 

S O U R C E F O R T H E C O A L A S W E F I N D I L . 

T H E S E T H I N G S H E I I I G S O , W E H A V E A D O U H L E S P L I T I N 

T H E I H E O R I C S L H A T A R E B A S E D O N I L . T H E O R I G I N O F C O A L I S 

V E G E T A B L E , G R N R I L E D , LI I IL WHS IT F O R M E D A N D D E P O S I T E D 

M ( O R N E A R L Y I N ) P L A C E ; O R W A S IT F O R M E D I N O N E L O C A 

L I T Y A N D D E P O S I T E D I N A N O T H E R A S A N Y O T H E R G E O L O G I C A L 

S E D I M E N T ? T H I . S I S F O L L O W E D B Y T H E Q U E S T I O N : A N A S T H E 

O R I G I N A L C O M P O S I T I O N O F T H E C O A L R E S P O N S I B L E F O R I T S 

P R E S E N T F O R M ; O R I S T H A T P R E S E N T F O R M A R E S U L T O F 

M E C F I A N I C A L A N D C H E M I C A L F O R C E S O F M E T A M O R P H I S I N M 

O P E R A T I O N A F T E R I T S D E P O S I T ? 

C O A L F O R M A T I O N I S D E P E N D E N T O N T H R E E M A J O R F A C T O R S : 

T Y P E O F V E G E T A T I O N : I M P U R I T I E S P R E S E N T I N T H E W A T E R O R 

P L A C E O F D E P O S I T I O N ; A N D A M O U N T O F B A C T E R I A L D E ( ' A \ , 

G O V E R N E D B \ D R A U I A G E A N D L O C A L I T Y . H O W E V E R , AT A G I V E N 

I N S T A N T I N T W O N E M B H O I U M U G C O A L F O R M I N G L O C A L I T I E S T H E 

(n3ndifions W I L L V A R V . A M O U N T O F W A T E R ; S P E E D O F C U R 

R E N T S ; K I N D O F W A T E R ( S A L T , S T A G N A N T , O R F R E S H ) ; I M P U 

R I T I E S P R E S E U L — S U C H A S M U D , S D T O R M U I E R A L S M S O L U 

T I O N ; K I N D S O F V E G E T A T I O N ; D E G I ' E E O F D E C A V ; E T C . ; 

ALL T H O S E T H I N G S N I A V B E D I F F E R E N T , A F F E C T I N G T H E N A T U R E 

O F T H E D E P O S I T . W L I E T B E I ' T H I S \ A R I A T I O N A C C O U N T S F O I ' T H E 

P R E S E N T F O R M O F D I E C O R D , W H E T H E R IL I S A M O D I F I E R for 

T H E M E L A M O R P H I S M TO F O L L O W , O R W H E T H E R IL I S O F N O 
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i m p o r t a n c e i n t h e l i g h t of t h a t m e t a n i o r p h i s m ; t h a t 

is o u r s e c o n d d i f f i c u l l v . 

T o G r a n d E u r v " o e s t l i e c r e d i t for t h e b e s t b e i i ' i n -

n i n g s o n t h e s t u d y of c o a l f o r m a t i o n . H i s f irst w o r k 

w a s d o n e i n t h e L o i r e d i s t r i c t , a n d w a s g o o d e n o u g h 

t o c l a r i f y t h e v e r y h a z y i d e a s h e l d o n t h e s u b j e c t at 

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

v e r i e s 111 1 8 G 9 , c o n t i n u i n g u n t i l 1 9 1 a . A m o n g t h e 

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

H e \sas t h e first t o s h o w c l e a r l y t h e e x i s t e n c e of 

s u c c e s s i v e s t a g e s i n t h e (( t e r r a i n h o u i l l e r « , w e l l 

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

H e w a s a l s o t h e f irst t o s h o w t h e al l i m p o r t a n t rcile 

of fossi l p l a n t s in t h e s t r a l a g r a p h i c a l d e t e r m i n a t i o n of 

t h a t (( t e r r a i n h o u i l l e r » . 

D u e t o h i s w o i ' k o n t h e c o a l b a s i n of t h e L o i r e is 

t h e E u r o p e a n t e r m (( S t e p h a n i a n » . 

A l t e r s t a r t i n g w i t h a t h e o r y of a u t o c h t o n y , t h e n 

— u n d e r t h e i n f l u e n c e of F a y o l — c h a n g i n g t o a l l o c h -

t o n v to e x p l a i n c o a l f o r m a t i o n , h e r e t u r n s f i n a l l y t o h i s 

f irst i d e a of f o r m a t i o n (( in s i t u » . T h i s i d e a w a s h e l d 

b y o t h e r s ( L y c l l , L i n d l e y , H u t t o n , B i n n e y , G c i p p e r t , 

S t u r , e t c . ) b u t t o h i m b e l o n g s all c r e d i t b e c a u s e of 

h i s p a i n s t a k i n g w o r k a n d t h e d e f i n i t e p r o o f s h e e s t a -

b l i s l i e d . 

I n 1 9 0 0 , B . R e n a u l t " p r e s e n t e d t h e t h e o r y t h a t t h e 

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

c o m p o s i t i o n . L i g n i t e is a l w a y s l i g n i t e , b i t u m i n o u s c o a l 

is a l \ < a y s b i t u m i n o u s , e t c . ; e a c h t y p e d e p e n d e n t o n 

n a t u r a l p r e s s u r e t o r e a c h i ts f o r m , w i t h f u r t h e r c h a n g e 
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impossible because ol the original constituants. Aecor-
<lina' to him, coal formation c o T i s i s t s of the following 
phases : 

1 . Maceration under the fermenting agents contained 
in the plants themselves, aided by bacteria. 

'\. In the substance thus formed, by (( microbes 
acrobies )), a fermentation occurs liberating CO^ 
leaving a product rich i n carbon. 

0 . Later, when the combustible has been co\ercd by 
some sediments and deprived of air, a second fermen
tation by the (( microbes anaorobies » occurs, desol-
ving the cell walls, liberating marsh gas (CH'') and 
more CO". This activity is terminated because by their 
excretions the microbes become suicides. 

(Carbonization is now finished. There exists a coal, 
formed of a « pate )) (which is the result of ihe disso
lution of cellulose and vegetable material) and vegetable 
matter altered but not destroved, with some mineral 
material or organic fossils enclosed therein. Then the 
type of coal is established, and pressure merely com
pacts it. 

It was probably from this or a similar basis that 
evolved the opposing theories of Potonié — Cornet 
vs. that of Stewart. The former is autochtonist (for
mation of coal in place of growth) the latter allochtonist 
(formation by natural geological sedimentation) and 
the two theories are mutually not in accord. 

Cornet was activated entirely by Potonié but he 
clarified his writings (that were difficult to read and 
understand) and added to them some original ideas. 
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T O P O T O N I E R E A L L Y B E L O N G S T H E E R C D I L O F T H E T H E O R Y S O 

W E L L P R O P O U N I L E D B Y C O R N E L . H E A C C E P T S T H E P R O P O S A L 

O F F R A N C I S I N A I I N I A N TO D I V I D E ALL C O A L D E P O S I T S I N T O U\o 

C L A S S E S : I . T H O S E F O R M E D I N T H E \ I C I N I T > A N D U N D E R 

T H E I N F L U E N C E O F T H E S E A — P A R A L I C B A S I N S ; A N D 2 . T H O S E 

F O R M E D I N L A N D — L I M N I C B A S I N S . K X A M P L C S O F T H E F O R 

M E R T \ I > E A R E T H E B A S I N S O F T H E A P J I A L A C L I I A N S , O F E N G L A N I J 

S C O T L A N D , O F F I - A N C E - B E L G I U N I - \ \ E S T P L I A L I A , E T C . ; O F T H E 

L A T T E R I V P E A R E T H O S E O F ] ] O H E M I A , C E N T R A L F R A N C E ( S T . 

E T I E N N E , C A R D , E T C . ) , S A X O N Y ( Z W I C K A U ) , E T C . I J A T C R 

D E P O S I T S , U P T O T H E P R E S E N T D A Y , A L S O FIT I N T O T H I S C L A S S I -

F I C A L ' O N . T H E M A I N D I F F E R E N C E B E T W E E N T H E S E T W O T \ P C S 

I < T H A T T H E L I M M C B A S I N S A R E S M A L L E R , A N D T H E C O A L S E A M S 

, N ' C M O R E ' A P T T O V A R \ I N C H A R A C T E R A N D T H I C K N E S S . H E 

S T A L E S T H A T T H E A U T O I D I T O N I C F O R M A T I O N O F T H E S E A B O A R D 

D I V I S I O N I S I N C O N T E S T A B L E , A N D T H A T IT C O N S L I T U T E S T H E 

M . I J O R P O R T I O N O F ALL L O C A U T I E S O F C O A L D E P O S I T I O N . H E 

P R E S E N T S H I S T H E O R Y O F F O R M A T I O N I N T H E P A R A L I C B A S I N S 

A S F O L L O W S : 

T H E R E I S A \ A S T . G E N T L Y R O L L I N G M A R I T I M E P L A I N , T H E 

S U I ' L A C E O F W H I C H I S V E R Y N E A R L Y T H A T O F S E A L E V E L , W I T H 

T H E S E A A N D T H E L A N D O C C U P V I N G A B O U T E Q U A L P O R T I O N S . 

I N L A N D T H E R E I S A T O P O G R A P H Y O F S T R O N G R E L I E F . T H E 

L O W N E S S O F T H E P L A I N P C ^ R M I T S T H E F O R M A T I O N O F S A L T Y , 

S T A A N A N T , O R F R E S H W A T E R L A K E S A N D L A G O O N S , A R O U N D A N D 

I N W H I C H G R O W T H E C O A L F L O R A . A S U D D E N D R O P O F T H E 

L A N D S U R F A C E P E R M I T S T H E E N C R O A C H M E N T O F T H E S E A A N D 

N A T U R A L S E D I M E N T S A R E D E P O S I T E D . A L O N G P E R I O D O F C A L M 

N O W E \ I S L S U N T I L T L I E T R E E S H A V E A G A I N T A K E N P O S S E S S I O N 

O F T H E P L A I N A N D T H E C O A L B E G I N S T O B E F O R M E D . T H E N 

T H E P R O C E S S R E P E A T S I T S E L F . H E C A L L S T H I S D O W N M O V E M E N T 
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(( saccadée )) wliich means a mcncment, quick, aljinipt, 
and nol ol gieal size, Tlie coal belds represent periods 
of slaliilily, and tlie roof is formed by this down move-
menl, whicli causes shales, sandstones or conglome
rates to be deposited o\cr the ne»-horn coal seam. The 
large amount of sandstones and conglomerates (espe-
ciall\ in the Bassin du Nord from where he takes most 
of his proofs) must ha;e been due to emergent conti
nental masses, as many of the pebbles indicate a distant 
point of origin. 

The above paragraph is a fairl_\ accin-atc translation 
or pai'aphrase of his words, but before gi\imi- us this, 
he presents a number of interesting points in favour 
of autochtony. Ho b(;gins by admitting that some coals 
are undoubtedly no! formed in place, as well as some 
conglomerates containing coal pebbles, but that these 
isolaled cases — though numerous (see Ch. Bar
rois ^• "• *), are hut a tiny portion of the maioriix of 
coals, lie then cites the following items, taken chiefly 
from Belgium and P'rance's Bassin du Nord. 

1 , Most ('(jals present a quite remarkable stratified 
appearance, or are formed Ijy alternating thin beds of 
vitrain and clarain, wliich suggest allochtony ; but as 
definite stratification is observed in present peals of 
know autochtomc orinin, this cannot be regarded as 
a proof either way. The alternation of the thin beds 
was due to momeutaiv change* in the conditions of 
the place of deposit. 

2 . Some <'oal seams present a thickness fairlv 

reuidar and extend for «reat distances (the PIttsburc; 
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bed averages 1 .80 metres and extends over 2 5 . 0 0 0 kilo
metres), so formation in such a case by running water 
would be difficult. Though irregular, the coal scam 
itself is nnjch more even in texture and thickness than 
either its floor or roof. 

3. When plant fossils in coal beds are recognisable, 
it nuisl be due to rapid preservation, almost m place, 
for transport would desfrov the characteristics. 

'i. In general, coals of known structure are composed 
of one or YviO plant species alone. This is difficult to 
explain by a transport theory. 

5. Tile puritv of the coal is remarkable. From a 
labic of 9.G58 analyses of coals of Europe and America, 
conijiiled by X. Stanier, it is shown that 00 % ha\e less 
than 5 -'o of ash contcnl, that 85 % of the analyses 
show less than 10 % ash, and that 5 % to 10 % is 
the most common ash content — a condition less than 
that found in most peats of today. 

(1. TJie studv of floor and roof shows that one often 
finds Stigmaria in place in the floor with roots tra
versing it in all senses but never in the roof. The roof 
I S more stratified and may be micaceous, usually 
sbalev. The floor is not well stratified and has an irre
gular cleavage, TV'pical even though the roof follows 
directly without any inter-coal seam. 

7. Between the roof and floor there is a difference 
of 5o / 0 in iron content, easily explicable if one grants 
that the floor represents an ancient soil of vegetation — 
not only containing little iron, but impoverished of its 
iron by the direct or indirect action of the vegetation... 
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Tliose are llie maiiihtays of liis iheor} of auloelitony, 
tfie force of which we shall not dispute at the moment. 
We shall now look at Murray Stewart's opimon on 
deposits b\' transport. Thirtv years after Jukes, lhat 
theory was brdlianlly set forth hy II. Fayol, who 
applied it lo the Conmientrv coal deposits of central 
France ; and nuide mans detailed observations and 
striking experiments. \\he refer those intei'estcd. lo his 
famous memoir on the (( Theorie deg Deltas )). 

Stewart, citing- theories that hold metamorphisin 
alone responsible for the present variations in different 
coals, and those that claim the variations to be due to 
both plant content and melamorphism, arrives at the 
following conclusions, following the ideas of Jukes " 
some eighty years before him. Coal is uniquely depen
dent on the material forming it for its final form — 
that is, the past amount of bacterial action alone is 
responsible for the condition of coal as \>e find it today. 
Tt was a black carbonaceous mud, formed in a lagoon 
by decay or putrefaction of plant material ; and ^Nas 
carried out to sea by a broaching of the lagoon, caused 
by a land movement of the time. Remembering that 
the transportnig power of water varies with the cube 
of its speed, it will be seen that, with the salt wafer 
as a classifier of tlie materials, a slieei of sediment will 
result having nearest shore a conglomerate, and in 
unbroken series a sandstone, a shale (pure mud), coal 
(carbonaceous mud), and a limestone. Coal is thus a 
natural geological sediment, dependent on lagoonal 
action for its stage of putrefaction before the broaching 
of the lagCK)n and sequent open sea deposition. 
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He claims tliis lo be a great achaiice on the old idea 

that vegetable matter, buned m geological sediments, 
nnderwcnt slow change through the stages of lignite 
and brown coal to true coal ; as it is know today fiow 
important is the role of the bacterial action in the 
formation of the sediment. Therefore, a lignite is a 
lignite because of that alteration which is also respon
sible for all variations m combustible fossils. 

Amciican geologists in general are of the opinion 
that the terms peat, lignite, brown coal (or snb-bitu-
minoiis), bituminous coal, semi-bituminous, and 
anthracite represent stages in the evolution of a 
combustible of vegetable origin. The idea of lagoonal 
putrefaction und deposition is also geiierallv accepted. 
Doctor W. T. Thom of Princeton University, holds 
to the same beliefs as Jules Cornel, but he slates defi
nitely that the above terms are grades in natural coal 
chanues. He cites the case of a peat bed cut by a lava 
intrusion. At the point of contact, the peat seam was 
altered to schungite and imperceptibly graded through 
anthracite, bituminous and lignite to peat. He beheves 
the continued heat and pressure, culminating through 
the long eras that have passed after the deposition of 
the bed, to be responsilde in a great measure, for the 
form of the coal as we now find it — modified 
somewhat bv the variations in its composition. D. 
A\ bite makes the observation that most of the U. S. 
Secondary and Tertiary coals repose on an anciens soil 
of vegetation, and is an autochtonist like Cornet and 
Potonie ^̂  W. B. Scott R. Thiessen '\ lU G. 
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Turner and uiany other American savants are in 
accord with these ideas of formation in place. 

lu all the theories that exist, i t is admitted that 
c o a l beds sometimes repose on an ancient soil of vege
tation (in paralic basins). Fossil sod itself is universally 
granted to be of aulochtonic origin, but the contro-
\ersy arrives in determining whether the coal directly 
over it is a similar kind of deposit. One cannot answer 
this question A M t h o u t a close scrutiny of the true 
structure of many coal veins — so we propose now 
to turn to that source of information. 

file:///ersy




Ill 

S P E C I M E N S E M P L O Y E D 

The coal specimens, used in connection with this ; 
report, with my serial numbers, are tabulated below. 

1 . Anthracite. — Buck Mt. Bed. — Richards Col
liery, West Mahanoy district, Pa. U . S. A. 

3 . Anthracite. — Buck Mt. Bed. — Olyphanl Col
liery, Carbondale district, Pa. U . S. A. 

3. Anthracite. — Mnmnumth Bed. — Olyphanl 
Colliery, Carbondale district, Pa. U. S. A. 

.̂ Fusain. — Forye Split of Mammouth Bed. — 

'̂antikole, Pa, U. S. A. 

5. Anthracite. — Top Split of Mammouth Bed. •— 

Glendower Colliery, West Schuylkill District, Pa. U. 
S. A. 

C. Anthracite. Top Split oj Mammouth Bed. — 

Glendower Colliery, West Schuvlkill District, Pa. U. 
S. A. 
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7. Anthracite. — PRIMROSE BED. — Lytle Colliery, 
\ \ es t Schiiyllvill District, Pa. U. S. A. 

8. Coking Coal. — VEINE DELLOYE. — Fosse Dechy, 
Etage o i l , Mines d'Aiiiche, Rassin du Nord, France. 

9. Coking Coal. — VEINE № i 3 . — ditto. 

1 0 . Cokina Coal. — VEINE BERNICONRT. - - ditto. 

1 1 . Coking Coal. — VEINE LE FRANÇOIS. — ditto. 

1 3 . Coking Coal. — l'c(ne LALLLER. — ditto. 

i 3 . Coking Coal. — VEINE DEJARRLIN. — ditto. 

S I , Coking Coal. — Top oj Seam .V° 3 POCA

HONTAS, Macdowell County, W. Va. U. S. A. 

•22. Coking Coal. — 1 6 " from top of seam A° 3 

POCAHONTAS, ditto. 

2 3 . Coking Coal. — Bottom of seam № 3 POCA

HONTAS, ditto. 

— Coking Coal. — Top of seam N" K POCA

HONTAS, ditto. 

9.5. Coking Coal. — 1 8 " from top of seam A° À 
POCAHONTAS, ditto. 

2 6 . Coking Coal. — 8" from bottom of scam .'\° 4 
POCAHONTAS, ditto. 

2 7 , 2 8 , 2 9 . Coking Coal. — 1 6 " from roof of 
SEWE.LL seam, Raleigh County W. Va. U. S. A. 

3 o , 3 i , 8 3 . Coking Coal. — 36" from roof of 
BECJDEY seam, ditto. 

file:////est
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33. Coking Coal. — Centre of « B )) or Miller 
seam, Fayette County, Pa. U. S. A. 

34- Coking Coal. —• 6" from bottom of « B » or 
Miller Seam, ditto. 

35. Coking Coal. — 6" underneath bone coal of 
« n » or Miller Seam, ditto. 

The ONES from France previously described by • 
Diiparque are nol figured in the report, having been 
studied with tlie intention of finding contrasting mate
rial for the same type of American coal. Being quite 
similar, I judget it best to concentrate on the compa
RISON OF the anlhracies and coking coals from our 
Appalachian basin. 

The photograph (fig. i) is a natural size of speci
men № 35. The parts indicated by A and C show 
the characteristics common lo all semi-bituminous 
coals, while B is a lenticular bed much more compact. 
Further descriplion of tfiis specimen will follow in 
the later discussion. 
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Bassin du Nord de la France 
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IV 

C H R O N O L O G I C A L C O R R E L A T I O N 

The fact that two of mv specimens from the two 
countries were very close ni respect to geologic age 
(those from the Miller Seam and from the Veine 
Delloye) led me to attempt a tune corelation between 
the coal measures from which they came. The task 
soon proved to be one which I was incompetent to do 
with detained accuracy, so the result shown in fig. h 
must be taken as a next best. The plant names are 
often different in in America and France, their ranges 
also may not be the same, and the thickness of the 
deposits is practically useless as a guide. However,-
after consulting the geological surveys of W. Va., 
Pa., and other references (especially numbers '̂̂  
and and with the kind assistance of Professors 
Paul Dertrand and Pierre Pruvost the indicated time 
table evolved. I believe it to be essentially correct, 
but for a more exact work of its kind it is necessary 
that experienced paleobotanists spend much time on 
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a minute comparison of the characteristic fossil plant 

species of the far distant regions. 

For m e the idiart serves its purpose in showing the 
ages of the specimens on which this report is based, 
and their approximate relations to each other. Their 
actual geographic source can be seen on the maps of 
the respective regions (Figs. 9. & 3), as well as the 
similar type distribution of the ranks of coal. It will 
be noticed that if one turns the French map so that 
the serni-anthracites are on the right, the sequence 
of anthracite, semi-bituminous, and bituminous loca
lities is identical. Whether it indicates a n increase of 
metamorphism on the anthracitic side in both cases, 
or whether it indicates a progressive change in the 
conditions of deposit, 1 do not know. Doctor Thom " 
is of the former opinion, Professor Duparquc holds 
to the latter ; and both are logically possible. The 
fact that bituminous coals contain a multitude ol spo
res and cuticles that are but rarely found i n semi-
bituminous coals is hard to explain if one attributes 
it to pressure alone. Some sort of compromise is 
(dearly necessary but we shall leave this point until 
after we have looked at a few samples at close range. 



V 

M E T H O D S O F M I C R O S T U D Y 

In any scientific research problem there are two 
very important considerations lo be mastered before 
results can be prodiu:cd. There must be a method of 
study adequate in making clear the facts on hand ; 
there must be the abdily to interprète correctly those 
facts when revealed. The best of savants slip on one 
pon)t or the other, but at last we are partly relieved 
from the former difficulty — at least when working 
on the microstructure of coal. 

The controversy in coal microsfudy now is one of 
thin sections and ordinary petrograpfiic methods vs. 
polished surfaces and reflected right. Wc shall discuss 
each, beginning with the former. 
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O R D I N A R Y 

P E T R O G R A P H I C M E T H O D S 

C . E'r. B e r t r a n d a n d B . R e n a u l t " w e r e t h e 

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

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

p r o p e r b u t t o w a r d s t h e b o g h e a d s or (( c h a r b o n s 

d ' A l g u e s )). T h e y e m p l o y e d t h i n s e c t i o n s , B e r t r a n d 

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

f i e l d of s t u d y . 

J . L o m a x i n i g i ' i , p r o d u c e d a w o r k o n t h e 

c o m p o s i t i o n of t h e b a n d e d b i t u m i n o u s c o a l s i n a n 

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

p u b l i s h e d 8 0 f i g u r e s of t h m s e c t i o n p h o t o g r a p h s . T h e 

m o s t o b v i o u s k i n d s of s t r u c t u r e ( s u c h a s m a c r o s p o r e s 

a n d r e s i n s ) a r e w e l l s h o v ^ n , as is s o m e of t h e f i n e r 

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

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

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

b e t t e r t h a n m a n y of t h o s e w h o p u b l i s h e d w o r k s m o r e 

r e c e n t l y ( S l o p e s a n d G r o u n d s , for i n s t a n c e ) . 

M a r i e S l o p e s " is l a r g e l y r e s p o n s i b l e for t h e t e r m i 

n o l o g y u s e d i n E u r o p e at t h e m o m e n t b e c a u s e of 

h e r c o n c i s e w o r k o n t h e c o n s t i t u a n t s of b a n d e d b i t u 

m i n o u s c o a l . W i t f i t h e c o o p e r a t i o n of R . V . W h e e l e r 
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" "^^'S' a similar work was published, using four of the same figures to illustrate it. The two works were a description of bituminous coal and their contents, containing the definitions and explanations of the terms Fusain, Durain, Glarain, and vitrain. The figures (micropliotographs of thin sections) were very poor the ones illustrating Glarain and Vitrain showing practically nothing. They have a dull reddish yellow colour, caused by the thickness ol the slides, which also accounts for their opaqueness and indistinctness. Even so, these two works are a reference-base for later ones and are the beginning of improved microscopical research. Before 1914 there was little published about coal structure, but Stopes' work marks the start of many other such investigations. Her method of study was the ordinary one of grinding thin sections, but Stopes and \\ heeler remarked '̂̂ 's that the sections have a (( most annoying amount of scratches )) and are difficult to grind evenly. A look at their figures will show that it is only a beginning for belter developments. 
¡923 marks the appearance of many coal students using both types of methods. 
A. Grounds " tried thin sections with anthracites in studying them for ash content, but as far as method and photographic results were concerned, there is very little of good that can be said. 
R. Thiessen " '̂̂^ has developed an excellent 
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method of study. He prepares llrin and opaque sec

tions, studies them under the microscope, then studies 

them further by sphtting and dissecting them. By the 

use of Schulze's. reagent, he has isolated many spores 

and cuticles from the coal. Whether that system can 

he applied to all ranks of coals is rather doubtful, 

but it is certainly very good with bituminous speci

mens — as his results shnw. 

E. C. Jeffrey as far as I have been able to find 

out, has produced the best results with thin sections. 

His method is applicable to all ranks of coals, but 

takes much time and care. The principal is to 

take out all impurities, impregnate the specimen with 

cellulose to harden it, and slice off thin sections ol 

less than five micrometers. With bituminous and 

newer coals he gets very good results, but has diffi

culty with coking coals because of their fragility, and 

witfi anthracites because of their extreme hardness. 

From the description of his method, it seems that a 

minimum of ai days is required for the preparation 

of a specimen, and lo prepare anthracites may be a 

question ol months. There is no doubt but that his 

figures and results are better than any others v\ho 

have used pétrographie methods — as well as most of 

those who have 'used .polish or polish and attack 

(except for Duparque and Stach). Perhaps the ques

tion of time is not very important, but is must be 

annoying to work for a month on an anthracite spe-
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cimen that could be better prepared by another 

method in twenty minutes. 

The men previously mentioned are those who use 

pétrographie methods of study. From any point of 

view this way of study is logically the correct one. 

The difficulty lies in preparing.the specimens. At pre

sent, the sections are always too tfiick, being 

loo opaque to show clearly the fine structure. 

If a section could be much thinner than hitherto 

has been accomplished, npt destroying the intricacies 

of the cementing substance, study would be much 

facilitated, and mucdi more knowledge about this sedi

ment would be forthcoming. Also, a method of dis

section is good for isolating some various types of 

vegetable débris composing the coal, but must destroy 

or give misconception about the structureless mass 

liolding the coal together. 

We shall now look at the works of those who use the 
nietalfographica] microscope in their study. 
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M E T A L L O G R A P H I C M E T H O D S 

I S H A > n A T T A C K 

Winter may be considered as the originator of this 
rnetfio<L He has been using it for over sixteen years 
with fair resuUs. A specimen is ground to a plane on 
a revolving disc with successively finer emery 
powders, or on a stationary piece of plate glass bv 
hand ; then it is pohshed on cloth covered discs with 
polishinc; powder. Sehulze's reagent is then used to 
bring out the structure lie claims the coal to have 
been formed from a colloidal glue or jellv, for which 
reason thin sections do not show well the structure — 
light being too powerful for the eve and frequently it 
cannot distinguish fine structure, even if visible. For 
that reason he uses a method of study with reflected 
light. In a later work " he uses thin sections to verify 
his attacked-surfaee results. The photographs that he 
has published are not loo clear — certainly inferior 
to those of Sevier, Thiessen, Jeffrey, Stach, and 
Duparquc. 

A. Gradenwitz published a note on coal in which 
were four photographs, three of Gannel coals, one of 
bituminous, but they were all very vague. He follows 
Winter's method, but with less success. 

Legraye also uses a method of polish, and attack 
by acid, but he has not gotten extraordinary results. 
He claims that Pa. anthracites, even when attacked, 
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show no structure , but a glance at my photographs 

v\ill show an error somewhere. 

CLirence A. Seyler uses the same procedure as 
Winter except for having substituted for Schulze's 
reagent a mixture of chromic and sulfinic acids and 
has some excellent results In some figures the 

contents are hazy and his enlargements of over 4oo 
diameters show structure, but it is never clean cut 
enough lo determine. Generally ihey are belter than 
those of the other men using the same method. 

H G. Turner has evolved a complicated 
but fairly good method of etching a polished sur
face. He deals mainlvwith anthracites, which — next 
to the coking coals — are the most difficult to study. 
:\ flat surface is cut and ground on an iron disc with 
carborundum poWder, then smoothed by hand on 
plate glass using one mmute Inpoli powder and water, 
then polished by rubbing in one direction on a nova-
culite hone stone with a thick paste of rouge and 
water. A few brisk rubs on chamois with rouge, or 
broad cloth, finishes the polishing and leaves the 
specimen with a high gloss, but evidently very little 
structure is brought into evidence at this point and 
il is not free from scratches. It is heated to aao" C. 
to avoid splitting during the etching process. Then 
the polished surface is brought to a red heat by means 
of the blow pipe flame. This produces a differential 
oxydation, bringing out the structure without des
troying the polish to any great extent, except for an 
imperceptible film of ash. On regarding the figures 
with his works, it will be seen that his method does 
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2 ° P o l i s h w i t h o u t a t t a c k 

D u p a r q u e is t h e n e x t o n e t o b e c o n s i d e r e d ( h a v i n g 

b e g u n f o u r v e a r s b e f o r e S t a c h ) , b u t w e s h a l l s p e a k 

of h i m a b i t f u r t h e r o n , as it is h i s m e t h o d e m p l o y e d 

i n t h i s w o r k . 

L e g r a y a l s o u s e d a m e t h o d of s i m p l e p < d i s h 

b u t w i t h p o o r r e s u l t s . 

S t a c h u s e s a m e t h o d of p o l i s h w i t h o u t a n y 

a t t a c k a n d g e t s e x c e l l e n t r e s u l t s . H e g r i n d s s p e c i m e n s 

t o a flat p l a n e a n d p o l i s h e s t h e m b y m e a n s o f c l o t h -

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

s p e c i m e n is soft h e h a r d e n s it b y t h e i n t r o d u c t i o n of 

a s o l u t i o n of C a n a d a b a l s a m a n d m a r i n e g l u e . T h i s 

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

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

p h o t o g r a p h e d e v e n t o 7 8 0 d i a m e t e r s as h e h a s d o n e . 

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

f i g u r e s in p l a t e s I , a n d I I w i l l s h o w a l a r g e d i f f e r e n e e . 

M y a n t h r a c i t e s p e c i m e n s a r e p r a c t i c a l l y t h e s a m e as 

t h o s e d e s c r i b e d b y h i m i n i Q a S T h e o r i g i n a l i t y 

of t h e m e t h o d is r e m a r k a b l e , b u t t h e t r o u b l e of 

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

J u s t r e c e n t l y C h o z o I w a s a k i *^ h a s p u b l i s h e d a 

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

l o w e d t h e m e t h o d of W i n t e r , w i t h t h e n e w a d d i t i o n 

of a t t a c k b y t o t r a l i n e . H i s r e s u l t s h o w e v e r a r e i n f e r i o r 

t o t h o s e of D u p a r q u e a n d S f a c h . 
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THE METHOD OF DUPARQUE 

The method 1 have employed is that of A. 
Duparque "̂-̂ '̂ ^ and it is also one of polish without 
the aid of reagents. As he is just al>out to publish a 
full and detailed account of this method, I shall only 
give it briefly. It evolved from that of Winter, being 
also metallographic. The specimen is cut parallel or 
perpendicular to the stratification plane whith a hack saw 
and ground to a perfectly flat surface by hand on'squarcs 
of plate glass using successively finer emery and water. 
It is best to continue this smoothing on each plate 
until the paste formed by the emery, coal and water, 
is largely of coal dust so as to obliterate as many of 
the scratclies as possible. Then it is often well to usé 
a third piece of plate glass with nothing but water, 
so as to still further reduce the inevitable scratches. 
The specimen can be immediately put to the second 
or polishing part of the method, but it is best to let 
it dry first. 

i" METHOD FOH COALS PROPER 

The polishing is accomplished by means of three 

leather discs, one dry, the other two for successively 

I helievc his method is ijood ior anv kind of coal 
except for our tough Pennsylvania anthracites. In his 
last work " the figures exhibit much the same struc
ture as some of my photographs. His jnethod is 
easily superior lo the others discussed above and is 
a good example of the worth of polish without attack. 
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finer alumina in suspended solution. It requires a 
great deal of practice to know exactly how to obtain 
perfect results. It is a question of knowing the discs, 
how much solution to use, how much pressure to 
apply on the specimen, etc., and above all — when 
to stop. One may polish all day (as I did at first) and 
get nothing. It is a question of touch and knack in 
finishing the specimen quickly. Dirt from the solu
tion may not be completely cleaned off m the 
polishing, and under the microscope it may make 
beds of vitrain look like fusain or bogen-structur ; 
or plays other tricks making one believe he has found 
some extraordmary new coal structure. 

2 ° M e t U O D f o r A N T T m A C T T E S 

For semi-bituminous and bituminous coals this 
method is nearly perfect, as can be seen by plates III 
and IV and those figures of Duparqiie — but it was 
found that, with hard anthracites, it tcxik too long 
and the scratches could never be sufficiently elimi
nated. Another procedure had to be found for them. 
After trying everything from soap to solutions on an 
iron disc, it was found that an ordinary liquid copper 
polish on a leather disc produced a surface so clear 
that one could see oneself in it. No (or very few) 
scratches, and the structure is exceptionally well visi
ble (see plates I and II). Care must be taken jiot to 
employ the same discs used for the other coals, as 
the polish is not good for softer types. 
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I L C A N B E S E E N T B A L L L I I S M E T H O D H A S M U C H M E R I L , 

B Y L O O K I N G AT T H E P H O T O G R A P H I C R E C O R D S O F I T . I T I S 

S U I T A B L E F O R ALL R A N K S O F C O A L , P R O D U C E S A S U R F A C E N E A R L Y 

F R E E F R O M S C R A T C H E S , H A S N O P O S S I B L E D E S T R O Y I N G O R 

A L T E R A L I N G E F F E C T O N S T R U C T U R E , R E S O R T S T O N O R E A G E N T S , 

P R O D U C E S A S U R F A C E I D E A L F O R S T U D Y U N D E R T H E M E T A L L O 

G R A P H I C M I C R O S C O P E , M A K E S P O S S I B L E P H O T O G R A P H S O F 

A L M O S T U N H N U T E D M A G N I F I C A T I O N ( 3 , 0 2 0 D I A M E T E R S H A V E 

A L R E A D Y B E E N M A D E B Y D U P A R Q U E ) A N D I T I S C O M P A R A 

T I V E L Y Q U I C K A N D E A S Y . I T I S , I B E H E V E , A G R E A T A D V A N 

C E M E N T O V E R F O R M E R M E T H O D S . T H E O N L Y O N E T H A T I S 

I N T H E S A M E C L A S S I S T H A T O F S T A C H . 

O F C O U R S E , O N E C A N N O T S A Y T H A T M E T A L L O G R A P H I C 

M E T H O D S A R E S U P E R I O R L O O R D I N A R Y P É T R O G R A P H I E M E T H O D S 

W I T H T H I N S E C T I O N S ; O N L Y T H A T , A T T H E M O M E N T , W E H A V E 

M A D E B E T T E R P R O G R E S S A L O N G T H E F O R M E R L I N E . 





VI 

M A C R O S C O P I C A N D M I C R O S C O P I C 

T E R M I N O L O G Y E M P L O Y E D 

C O N S T I T U A N T S O F C O A L 

The French and American coal terminology dif
fers ; but as the former is fuller, more exact and easier 
to manage, I am employing almost entirely that used 
by Duparque. 

If one regards a piece of coal with the naked eye, 
it will be seen to be composed of alternating layers 
of brighter and duller material ; with occasionally a 
dull black fibrous substance, in lenticles or on parting 
surfaces, that crumbles on the fingers like the char
red end of a burnt match stick ; and possibly some 
foreign minerals such as pyrite or a shale inclusion. 
In describing bituminous coalj. Marie Slopes 
produced the terminology of vitrain, clarain, and 
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{*) t^âte w i l l be u s e d t h r o u g h o u t I h i s w o r k u n i q u e l y 

to m e a n ttie c e r n e n i n g s u b s t a n c e of conl. I t is D u -

pai-qi ie 's « . s u b s t a n c e f o n d a m e n t a l e n. 

d u r a i n t o a p p l y to t h e t h r e e t y p e s of b a n d i n g , a n d 

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

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

m o r p h o l o g y t h a t c o u l d b e a p p l i e d t o a l l r a n k s of c o a l . 

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

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

s i n g . A m a c r o s c o p i c t e r m i n o l o g y h a s v e r y l i t t l e 

m e a n i n g i n r e g a r d t o c o a l , it is m e r e l y a c o n c i s e w a y 

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

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

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

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

m u s t h a v e a c o n v e n i e n t t e r m i n o l o g y for t h e m ; o n e 

t h a t is self e x p l a n a t o r y , d o e s n o t r e q u i r e d i s c u s s i o n 

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

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

T h i s is i m p e r a t i v e , b e c a u s e g e n e r a l l y a n t h r a c i t e s a n d 

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

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

a m e m p l o y i n g a t r a n s l a t i o n of D u p a r q u e ' s t e r m s 

w h i c h w i l l , I t h i n k , b e q u i t e s a t i s f a c t o r y as t o q u a l i 

f i c a t i o n s . T h e f i g u r e № 5 s h o w s t h e s e t e r m s a n d 

t h e i r e x i s t i n g e q u i v a l e n t s a s u s e d i n v a r i o u s c o u n t r i e s . 

T h e s a m e p i e c e of c o a l , a f t e r p o l i s h a n d h a v i n g 

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

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

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

in a (( P â t e * » . 
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o r g r o u n d m a s s , a m o r p h o u s , w i t h n o v i s i b l e s t r u c t u r e 

e v e n w i t h a n e n l a r g e m e n t of i . o o o d i a m e t e r s . W h e n 

it is f o u n d i n b e d s , it is p a r t l y s y n o n o m o u s w i t h 

a n f h r a x y l o n o r v i t r a i n . O n r e g a r d i n g m a n y s p e c i m e n s 

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

A . P l a n t d é b r i s : 

1 . W ' o o d , f r a g m e n t s ( P l a t e s 1 t o I V , t e x t f i g s . 

I I , l a , i 3 ) . 

a ) F u s a i n o r m i n e r a l c h a r c o a l 

b ) P a r t l y g e l i f i e d w o o d 

c ) G e l i f i e d w o o d . 

2 . G u t i n i z e d v e g e t a b l e m a t t e r . 

a ) E x i n e s of s p o r e s ( t e x t figs. 6, 7 , 8) . 

b ) C u t i c l e s ( t e x t fig. 9 ) . 

3 . R e s i n ( t e x t f l g . 1 0 ; P l a t e s I t o I V , figs. 

I , /i, 7 , 8 , 9 , 1 0 , 1 2 , i 3 , i 4 , 1 6 , 1 7 ) . 

B . A l g u e s 

C . T h e P a t e . ( e s p . t e x t fig. i 3 a n d P l a t e I V , fig. 

1 9 ) -

A c G C f E S a r e v e r y r a r e i n c o a l s p r o p e r b u t t h e y 

a r e e n t i r e l y r e s p o n s i b l e f o r t h e f o r m a t i o n of t h e 

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

A s f o r t b e p l a n t d é b r i s , it a l o n e is r e s p o n s i b l e f o r 

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

I . W O O D F R . \ G M E N T S . — T h e f r a m e w o r k of 

p l a n t s is m a d e u p of w o o d y t i s s u e . T h e s e t i s s u e s with 
w a l l s s t r e n g t h e n e d a n d t h i c k e n e d b y l i g n i n e a r e of 

t w o k i n d s ; 

A . I n m a n y p r e s e n t p l a n t s , e s p e c i a l l y t h e t r e e s , t h e 

s t i f f n e s s is i n s u r e d b y t h e n o u r i s h m e n t - p r o d u c i n g 

t i s s u e itself . T h e w o o d y a r t e r i e s , b y m e a n s of w h i c h 
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the sap mounts osmisicaliy, form the main parts of 
the plant (roots, trunk, branches) and give to the 
tree its rigidity. 

B. With the coal flora, this was not the case, espe
cially the huge swamp trees of tfie tnne (the sigil-
laria and lepidodendrons) whose trunk mre held 
nothmg but very thm walled soft woody arteries. The 
work of support was left for the lignified fibres situa
ted in the outer bark zone. This part was formed of 
sclerenchyne — allongated, thick-walled, greatly 
hgnified cells '— and is often carbonized as a fossil ; 
flat, because the inner soft pulp could not resist pres
sure or decayed quickly ; or round with the inner 
space as a mould (except in rare cases of complete sili-
rification). Parts of these lignified tissues are found i n 
coal as minute debris. Even when they are present in 
great numbers, they are in small pieces at all angles 
to one another and always in the horizontal plane of 
the bedding. In vertical section these fragments are 
generally of a lenticular shape. A cross section paral
lel to the lenticular axis is different to one perpendi
cular to that axis ; as in the latter case they present 
a normal characteristic cell grouping and, in the former 
case, the cells are elongated. Naturally all gradations 
between the two extremes are found. 

These wood fragments may be found in coal in 
the following stages of alteration : 

a) Fnsain, presenting a generally neat structure, 
the woody origin of which cannot be doubted. 

b) Gelified wood still recognisable by form and 
shape, retaining a good or faint cell structure. 



- 36 — 

(*) A. B r o n g n i a r t , Ann. Soc. Nat. 1930. 

Tliese terms represent stages in the arrested decay 
of these woody tissues. Sometimes the change from 
nearly gclilied wood to pate can he observed. Fusam 
may appear in a compressed, altered form called 
(( structure étoilée » or a structure en arc ». Pieces 
of wood may be found in all sorts of odd forms. They 
can be in thin tiny strips with a high brilliance, 
completely gclified ; or in long curved pointed strips 
like cuticle ; or in ovals like s(wres, but with a more 
rigid appearance. The brilliance of the gelified pieces 
is the one mam item that identifies them definitely, 
as they are brighter than the pate, whereas the 
cuticles and spores are duller, having a greyish 
aspect. This is one advantage that a method of polish 
has over one of polish and attack, for with attack one 
is apt to spoil these distinctive characteristics so 
valuable in the determination of the particular kind 
of plant débris. 

2 . CuTiMZT-D M A F E R I M ^ . — Cutine is a subs
tance related to fatty acids, and its chemical compo
sition is imperfectly know. It forms an impermeable 
covering of protection o n certain exposed parts of trees 
(leaves, young sprouts, spores, grains of pollen, etc.). 
It is very resistant to bacterial action, to such an 
extent that the microchemical reaction of cutme in 
anciens coals is similar to that of living plants (*). 
Cutine is quite abundant in some coals and is of two 
types. : 

a) Spore cxincs. 
b) Cuticle. 
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a) Spore exines. — Most of tfie coal era plants 
were of the order of vascular cryptograms, which 
reproduced by spores. There were often two kinds, 
macrospores (female), and microspores (male), being 
practically alike except tor size, and very well adapted 
to transportation by wind or water. They were com
posed of a relatively thick outer cutine membrane 
(exine) which is tough and resistant against agents 
of destruction, and a thimier mner cellulose nû m-
brane (mtinc) surroudmg the protoplasm which 
contamed a kernel. 

In coal the macrospores are fairly easy to reco
gnise. In horizontal section, they have a disc-like 
form ; in vertical section, they are like flattened sacks, 
King parallel with the bedding plane. Most frequently 
the two walls are nearly touching and the former cen
tre is represented by a thin line. The appearance of 
the spore rmiy vary (thickness of tlie ĉentre line, 
comparative vertical and horizontal axes) depending 
on whether the polished section happens to, have cut 
it well in the centre or along a shorter chord. 

Microspores are more often in fragments hut pre
sent the same general cfiaracteristics on a smaller 
scale when found whole. 

These spore exines are always well parallel to each 
other. They are elongated and flattened with the plan 
of stratification of the coal bed, often curving against 
any other kind of débris present, being more pliable, 
and are sometimes so numerous that other kinds of 
vegetable debris present are in the minority, even in a 
bed a metre thick — except for the pâte (see text Figs. 
6-8). 
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I n the South of the Bassin du Nord in France, 
these spores are found i n prodigious quantities. This 
must he only a part of the ones produced, as we know 
not what percentage were totally destroyed by decay 
or kept to their natural rôle as reproductive agents. 
This great abundance can only be explained by veri
table rains of spores m those times., a phenomena for 
which we know no parallel case today. 

b) Cuticle. — As is the case with our present 
plants, the leaves and young sprouts of the Carboni
ferous flora had a tliin protecting layer of culine. 
The external walls of the cellules, forming the outer 
layer of the epidermus, were changed into culines 
where they were in contact with the atmosphere. This 
formed an impermeable envelope for the organ thus 
covered, and no exchange of substances between the 
air and the plant could be effected except through 
natural perforations (stomates). 

Those particles in coal identified as cuticle repre
sent that cover, or fragments of it, the parts adjacent 
having undergone a partial or total transformation by 
'Jie decay agents. The exines of spores are also cuti
cles, but they will always be referred to as spore exines 
or spore débris. The term (( cuticle )) will be used in 
a restricted sense, applying only to those types of 
cutine here described. 

According to Duparque nearly all the cuticle 
in coal comes from the leaves of the coal forming 
forests. They may be found in more or less continuous 
bands or in isolated fragments. When present, tlie 
state of preservation of cuticle and spore exines is 
nearly perfect in great contrast to the almost total 
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alleralion of tfie adjacent tissues. The presence of 
cuticle, naturally argues a deposit of leaves and young 
sprouts, vvliich in time were all transformed except 
the cutine covering. The converse of this fact has 
been suggested, but cannot be held as proof. If no 
cuticle IS present, what is to prevent one from sup
posing that the conditions of deposit were the same 
as in the case of a coal containing cuticle, but that 
difference in the final product was due to a different 
type or intensity of bacterial action — on which latter 
fact the character of the humus deposit was greatly 
dependant. Thus cuticle presupposes a deposit of 
leaves, but absence of cuticle does not presuppose 
(though it is more probable than what I am here 
suggesting") an absence of cutine in the original 
deposit. 

In reflected light, under the microscope, cutinized 
substances have a characteristic clear grey appearance 
and a good relief (see text fig. 9). 

S. Resin. — Some plants produce a substance 
which on oxydation becomes a resin. This is an unpu-
trifiable substance, very resistant to destructive agents 
and is often found in sedimentary rocks after all trace 
of tjie parent plant has been obliterated. Amber is an 
example, with the insects found in it as a proof of 
its fossilizing power. Sometimes in the coal-resins 
are found well preserved secreting organs of the coal 
plants. They may be isolated cells ; in spherical or 
irregular cell grouping ; or in broken lines ; or radia
ting-. 

In all kinds of coal there are three common charac
teristics of resins. 
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1 . G l o b u l a r a s p e c t i n v e r t i c a l s e c t i o n ; s h o w i n g a 

g r e a t r e s i s t a n c e to p r e s s u r e a n d a d i s p l a c e m e n t of t h e 

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

2. T h e y h a v e a s t r o n g rel ief b e i n g p a l e r a n d c l e a r e r 

t h a n t h e p â t e . 

3 . T h e i r f o s s i l i z i n g r ô l e is w e l l i n d i c a t e d b y t h e 

p r e s e r v a t i o n of t h e i s o l a t e d s e c r e t i n g o r g a n s i n c o n 

t r a s t t o t h e a l t e r a t i o n of t h e o t h e r s u b s t a n c e s . 

THE P A T E . — T h i s w h e n p u r e , c o m p o s e s B r i g h t 

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

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

f r a g m e n t s of v e g e t a b l e d é b r i s , a n d is a l w a y s p r e s e n t 

Ш f a i r l y l a r g e q u a n t i t y . I n s o m e a n t h r a c i t e s ( M a m -

m o n t h , for e x e m p l e ) , it is o v e r 9 0 % of t h e w h o l e 

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

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

g e m e n t of I .ООО d i a m e t e r s . I t p e n e t r a t e s all c a v i t i e s 

a n d in its e a r l i e s t s t a g e s m u s t h a v e h a d a f l u i d i t y l i t t l e 

m o r e v i s c u o u s t h a n w a t e r . I t w a s f o r m e d b y t h e 

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

p u t r i f y i n g a c t i o n of t h e b a c t e r i a . I t s v e g e t a b l e o r i g i n 

is n o t d o u b l e d as c h e m i c a l a n a l y s e s s h o w it t o b e 

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

( a s h ) . It c a n v a r y i n c h e m i c a l c o m p o s i t i o n i n d i f f e r e n t 

b o d s , t h o u g h . k e e p i n g a l w a y s t h e .same a p p e a r a n c e ; 

w h i c h is a g o o d i n d i c a t i o n of t h e c h a n g e i n - t h e v e g e 

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

of b a c t e r i a l a c t i o n t h e s e p l a n t d é b r i s h a d u n d e r g o n e . 

O f t e n it a p p e a r s i n t h i n b e d s , a l t e r n a t i n g w i t h b e d s 

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

a l w a v s a m o r p h o u s a n d s t r u c t u r e l e s s . M a n y A m e r i c a n s 

c a l l it a l a y e r c o m p o s e d of w o o d y t i s s u e , j u d g i n g it 
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FIGURE G 

Spores in French Bituminous Coal, 

{ufler Duparque, 37). 





Figure 7 

Spores in French Bilnininou^ Coal 

(after DHparque . 





Figure 8 

Spoies, horizontal section 

{after Duparque). 





Figure 9 

Cuticle in Frencli Bituminous Coal 

(after Duparque 3 1 ) . 
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Resip in French Bituminous Coal 

{after Duparque) 
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Fusain in French Coal 

{after Duparque). 
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Figure 

Wood in French Coking Coal 

{after Duparque, 37). 





Figure 13 

Stiucture in Frencli Anthiacite 

(dfler DKiKuque, 37). 
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entirely on shape. It seems that, since coal has been 
geneially accepted t o be of vegetable origm, and that 
t h e Dismal • Swamp of \ irginia has been compared 
to ancient coal forming swamps, we are too anxious 
to label the constituants of coal (( woody tissues )) 
whenever possible. 

This p a t e is easily recognisable under the micros
cope by its brilliance and lack of structure but to 
give its exact source would be difficult. That wood 
sometimes forms it is t r L i e , as w e can often note the 
gradual alteration in various stages from fusain 
through gellified stages to bright mal or vitrain (pure 
pâte). Most probably it was formed from all the plant 
matter present, after complete decay through bacte
rial action, having a great fluidity, permeating all 
open spaces, acting as the retainer for those bodies 
not totally transformed, and being a nearly pure 
hydrocarbon — a blaqk colloidal mud. In shales, 
whenever a plant stem or some piece of vegetable 
debris is found to be carbonized, it is always found 
to be in the amorphous state of Bright coal (anthraxy-
lon or pâte) which is a positive indication that wood 
fibres can and do form pâte, but I do not consider 
that that fact gives us the right to state that pâte 
is uniquely formed bv that substance, though it may 
be largely due to wood. Bacterial action is un doub-
tedly a verv strong factor in its formation, but 
naturally it is dependant on the débris present for 
the composition of the final product. We cannot say 
whether t h e bacterial action was of such a kind as to 
putrify cuticles or spores with a like facility. Certainly 
the bacterial developments could have varied with 
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different localities. Compare a coal of spores with one 
composed of wood fragments, and the natural con
clusion to draw is that in the deposit of the first there 
were manv spores, in the other much wood; hut on 
second thought one might be justified in deducing that 
all the deposits were originally similar and the resulting 
coal characteristics were due to differential bacterial 
activity. 

If this idea can be granted to have even a vestige 
of possibility — and I firmly believe it to be true in 
some cases — our term (( anthraxylon » for the bright 
layers of coal is a mis-nomcr. It moans « coal-wood » 
and therefore makes one presuppose that wood alone 
was responsible for its formation. Thiessen with 
his method ol splitting sections under the microscope, 
noticed that these bright bands always tapered off in 
a point, but so do the other bands present. The 
very fine bands of bright coal have just as much 
right to the term anhtraxylon as their larger brothers, 
and they are present in thin stringers, forking or 
ending in a point, and always surrounding the vege
table débris present. Therefore the term pâte should 
be used in talking of this bright structureless coal. 
Bright coal or vitrain should be applied to it when 
it forms definite layers, and anthraxylon could be 
discarded. 

Pâte can be observed in most of the figures in 
the text and in the accompanying plates. 

By (he s(udy of coals vvlth reflected light, Duparque 
has found that each rank is formed of distinct and 
different types of vegetable debris ccmenled in a pâte 
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w h i c h a l w a y s b e a r s t h e s a m e a s p e c t . H e d i v i d e s c o a l s 

i r d o t h r e e g r o u p s : 

i " H i g h 111 v o l a t i l e m a t t e r ( b i t u m i n o u s ) . 

y,° V o l a t i l e m a t t e r b e t w e e n 2 0 a n d 1 8 % ( c o k i n g 

c o a l ^ ) . 

3 ° L o w i n v o l a l d e m a t t e r ( a n t h r a c i l i c ; . 

F o r t h e f i r s t g r o u p , h e s t a l e s t h a t i h e y a r e a l m o s t 

e n t i r e l y f o r m e d b y t h e a c c u m u l a t i o n of c u l i n i z e d s u b s -

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

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

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

m e t e r s t h i c k . R e s i n s a n i l w o o d v r e m a i n s p l a v b u t a 

f e e b l e s e c o n d a r y r ô l e i n t h e f o r m a t i o n of t h e s e b e d s , 

b u t m a y l i a v e c o n l r i b u t e d t o t h e p â t e , w h i c h is g e n e 

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

s p o r e s a n d c u t i c l e s . R e s i d e s t h e s p o r e c o a l s ( t e x t f i g u r e s 

tl a n d 7 ) , w h i c h h a v e b e e n m u c h s t u d i e d , h e w a s 

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

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

q u e l y of a n a c c u m u l a t i o n of l e a v e s , l e a v i n g o n l y t h e 

c u t i c l e s p r e s e r v e d ((( c h a r b o n s d e c u t i c u l e s )) of D u p a r 

( | u e , t e x t f i g u r e 9 ) . 

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

a n d 1 2 ) , h e f i n d s to b e c o m p o s e d of m a n y m i n u t e 

f r a g m e n t s of w o o d w i t h a m o r e o r l e s s e v i d e n t p r e -

' i e r v e d c e l l u l a r s t r u c t u r e ; s o m e of t h e m n e a r l y i d e n 

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

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

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

i n m i n o r q u a n t i t i e s . T h e s e w o o d f r a g m e n t s , w e l l s t r a 

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

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

t i m c s f o r m s b v i t s e l f t h e w h o l e m a s s of s o m e l a y e r s . 
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The third group, anthracitic coals, he descrdjcs as 
being characterized by \̂ood̂  tissues, well stratified as 
with the coking coals, but differing from them by the 
predominance ot the colloidal structureless pâte and 
the more gelified appearance of the wood debris (text 
figure He also states that this group can he 

foiuied by pressure and that he has found one locality 
where they arc seen to contain spores. 

As for this last group, 1 have been able to enlarge 
and modify some of the observations of M. Duparque 
bv the study of American inateriid. It is true that in 
France's liassin du Nord anthracites proper do not 
e%ist, such as are found in Pennsylvania ; and with 
these latter coals his method of polish has revealed an 
oi'igin and structure miudi more complex. 

Tlie first group has been studial in various coun
tries. The observations of Jeffrey in America, and 
Duparque in France arc similar in many respects ; 
but results in America on the coking coals have been 
nearly negligable, and this work is an effort to fill that 
gap. 

The text figures G to i3 are from various of Dupar-
que's works. They are of French coals and serve to 
illustrate the terminology employed in this work and 
the different types of coal, as well as to hirnish a 
comparison with the American coals figured in the 
four plates following the text. The coking coals will 
be noticed to be essentially similar, and the anthracite 

coal from France resembles very much the photographs 
of the Mammouth vein (compare text fig. i3 with fig. 
5, plate I). 



V I I 

C O K I N G C O A L S 

Coal is the most obviously stratified of all sedimen
tary deposits known. Put a sandstone or a shale — 
vertical section — linder a magnification of 5oo dia
meters and tlie bedding plane becomes ;indistinct, 
while a magnivfication of that power on coal only 
serves to make more evident the parallel arrangement 
of its constituants. 

A piece of coking coal presents a shiny brilliant 
aspect with two kinds of bands of stratification. One 
kind has a clear black brightness like obsidian or 
polisfied ebony, the other a silvery black brilliance. 
From to time there are small lenticles of a sooty black 
fibrous substance that sods the fingers, is soft, and 
pulverises easily. Sometimes there are dull black 
layers. 

A translation for tbe terminology of Duparque for 
tfiese respective bands may be ; Bright coal, Semi-
Bright coal. Dull coal, Fusain or Mineral Charcoal. 
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The three kinds of bands mav be noticed to end in 

tapering points, and the whole rock is a mass of thin 

beds, dividing or finally tapering off in every direc

tion. There is always a pronounced cubicle cleavage 

perpendicular to the bedding plane which renders 

this coal so fragile, and therefore so difficult to pre

pare for study. If it has been subject to the pressure 

of thrust folding, as the French specimens have, this 

cleavage may be at many angles and therefore is more 

annoying for study because of increased fragility. The 

previous photograph (text fig. i ) shows this banding 

and cleavage very well in the typical portions marked 

A and C. Between tbe larger bands B and G on the 

right hand edge of the specimen, it will be noticed 

that one of the clear black band.s divides around a 

portion of the dull coal m B and ends in a point In 

the lowei part but continues in its upper extension. 

Thiessen, with his method of dissection, also noticed 

the tendency to end in points for the bands in bitu

minous coals — but for anthraxylon or vitrain only — 

and here it can be seen that both types of layers end 

in points as well as divide. 

A magnification (without polishing the specimen) 

makes these facts more obvious, and it is seen that 

the division between the two types ot banding is an 

irregular line, and that some(lnes there are subs

tances that disturb the unity of colour of the clear 

black bands. The semi-bright bands seem to be made 

up of very fine threadlike constituants with the same 

characteristics as the other type described. The dull 

coal is infrequent in these specimens. The fusain or 
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mineral charcoal shows its 'fihrous character more 
clearly and makes one wonder why it should have 
been preserved in such a manner. It is also found on 
horizontal parting surfaces and leaves no douhits as to 
its woody origin. Jeffrey '° proposes a hypothesis of 
charring from forest fires to explain it, Turner " 
claims it is due to chemical action, and Stach attri
butes it to rapidity of buriel. Grand Eury and Dupar
que claim it is due to drying in air before being 
submitted to bacterial action. 

A microscopical study of the prepared surfaces 
shows very clearly what composes this bandmg in 
coal. 

The coking coals are found to be composed of three 
things — always present, but in varying ratios — 
pâte, wood and resin. The pâte may appear in pure 
bands as bright coal (vitrain) or as a ground mass 
surrouding and holding the wood and resin. It may 
be in stringers, thin traces, or thick bands, but is 
always structureless, with a fluid appearance espe
cially around the vegetable débris present. Any body 
recognisable in coal causes the pâte to displace itself 
and it does so much as the flow line of a gentle 
current would indicate. 

The woody tissues are found in every conceivable 
example of arrested decay from fusain to nearly pâte. 
They may be present with almost perfectly preserved 
structure (fusain), with crushed cell structure (bogen-
struclure or structure-en-arc), partially decomposed 
but still retaining a thickened cell wall structure, or 



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

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

d i s t i n g u i s h e s w o o d f r o m p â t e a n d r e s i n s o n t h e o n e 

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

f o i m d i n t i n y f r a g m e n t s ; o c c a s i o n a l l y i n l o n g s t r i p s 

( r a r e l y I c m i n l e n g t h ) ; o r i n o d d s h a p e s , s u c h as 

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

r e s e m b l e a n y t h i n g o n e d e s i r e s ( p l a t e IV). A l i t t l e 

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

o n e of t h r e e t v p i c a l c h a r a c t e r i s t i c s ; C e l l s t r u c t u r e , 

f o r m , a n d k i n d of b r i l l i a n c e . 

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

a n d n o t t o o i m p o r t a n t as a c o n s t i t u a n t . T h e a m o u n t 

p r e s e n t v a r i e s w i t h e a c h s p e c i m e n b u t is n e v e r l a r g e 

e n o u g h t o (dass it as a n i t e m of f i r s t - c l a s s v a l u e i n 

d e t e r m i n i n g t h e t y p e of c o a l . I n s o m e s p e c i m e n s t h e 

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

b o d i e s , in o t h e r s t h e y m a y r u n i n t o t h e h u n d r e d s . 

T h e i r r o u n d e d a n d r i g i d c h a r a c t e r m a k e s t h e m v e r y 

e a s y to r e c o g n i s e , a n d t h e r e f o r e o n e is m o r e a p t t o 

n o t i c e t h e m t h a n o t h e r p l a n t d é b r i s . T h u s t h e i r 

i m p o r t a n c e is s u b c o n s c i o u s l y e x a g g e r a t e d ; b u t e v e n 

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

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

w o o d a n d t h e p â t e as c o a l f o r m e r s is a b o u t i t o 

1 0 . О О О . W h a t i ts i m p o r t a n c e i s , w e s h a l l t r y t o f i n d 

o u t , as w e l l as t h e v a l u e a n d m e a n i n g of t h e o t h e r 

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

s a m p l e s . 
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Pocahontas N 3 The vein Pocahontas -N" 3 is one of America's finest coking coals. Our specimens are taken from the bottom (\° 23), centre portion (\° 22) and top (№ 21) of the seam. One logically begins at the bottom so we will start with \° 23. The fact first noticed is a negative one — namely, the lack of resin. There are certainly not more than two such bodies present in an area of i cm x 3 cm and they are difficult to find unless a magnifying power of I (So diameters is used. This paucity is unusual, resin usually being found in some quantity in any kind of coal. The specimen is composed entirely (practically speaking) of wood fibre in all kinds of arrested decay and pâte. There are a few broad bands of Bright coal crossing the polished face (the largest less than 0.25 cm m thickness), but for the most part the pate is in fine curving lines around the enclosed fragments of wood. The wood that is not completely pâte takes varied forms, and is present is quantity — but less than the pate. There are the very tiny gcllified strips found throughout, and a few larger pieces with a visible compressed cell structure. * Looking at the specimen, one would be tempted to say that the stratification was overdone ; there is not a piece of wood the least bit out of line, no matter how much or little it has been altered, and there are no other kinds of plant debris present. 
№ sia, from the centre of Pocahontas № 3, is an 
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• E X T R E M E L Y F R A G I L E P I E C E W I T H A M O R E P R O N O U N C E D C L E A 

V A G E . I T I S F I N E L Y S T R A T I F I E D , V \ I L H THE W O O D C O N C E N 

T R A T E D I N T H I N L A Y E R S , A N D S C A T T E R E D T H R O U G H O U T T H E 

T H I C K E R C L E A R B L A C K L A Y E R S O F PATE. H E R E S O M E O F T H E 

P A T E G I V E S THE I M P R E S S I O N O F B E I N G O F W O O D Y O R I G I N , 

A S O N E S E E S F R O M T M I E T O T N N E A V E R Y F A M L P O R O U S 

C C L L I K E S T R U C T U R E . T H E R E C O G N I S A B L E P I E C E S O F W O O D , 

A L W A Y S V E R Y S M A L L , A R E I N ALL S O R T S O F S T A G E S O F A R R E S T E D 

D E C A Y , A N D T H E R E I S O N E T H I C K S E M I - B R I G H T , B A N D I N 

W H I C H T H E R E A R E S E V E R A L L A R G E R P I E C E S I N G O O D C E L L U L A R 

P R E S E R V A T I O N . S O M E F U S A I N P A R T I N G S A R E V I S I B L E . N O 

R E S I N . 

T H E T O P O F T H E V E I N , № 2 1 I S V E R Y F I N E L Y S T R A T I F I E D 

A N D I S A L M O S T E N T I R E L Y M A D E U P O F T H E S E M I - B R I G H T 

B A N D S . V I T R A I N I S P R E S E N T I N V E R Y T H I N S T R I P S A N D I S 

I N F R E Q U E N T . T H E R E A R E M A N Y P Y R I T E I N C L U S I O N S , A S I G N 

O F M A R I N E C O N D I T I O N S O F T H E D E P O S I T — O R T H E D E P O S I T 

I M M E D I A T E L Y F O L L O W I N G . I T I S F O U N D T O B E C O M P O S E D O F 

W O O D A N D P Â T E — A S A R E T H E O T H E R S P E C I M E N S F R O M 

T H I S B E D . T H E B A N D S A R E H O M O G E N O U S ; T H A T I S T O S A Y , 

I F Y O U T R A C E A B A N D O F P Â T E I N A N Y D I R E C T I O N , IT R E M A I N S 

P Â T E , B U T M A Y T H I N O R T H I C K E N , S P L I T A R O U N D O T H E R 

S T R U C T U R E S A N D C O N T I N U E A S T W O B A N D S , O R E N D I N A 

P O I N T . T H I S I S A L S O T R U E O F T H E S I L V E R Y B L A C K B A N D S 

( S E M I - B R I G H T C O A L ) B U T T H E Y A R E A L W A Y S T H I C K E R T H A N T H E 

B R I G H T B A N D S A N D A R E M A D E U P O F W O O D A N D P Â T E , 

I L L U S T R A T I N G O N A M O R E F R E Q U E N T A N D S M A L L E R S C A L E T B E 

P H E N O M E N A J U S T M E N T I O N E D A B O V E — W H I C H I S T Y P I C A L 

O F T H I S R A N K O F C O A L . R E S I N I S P R E S E N T I N V E R Y S M A L L 

A M O U N T S ; A B O U T T H R E E O R T O U R M I N U T E R O U N D B O D I E S 

^ C A N B E F O U N D O N T H E P O L I S H E D S U R F A C E . 
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The bed Pocahontas iN" 3 , then, is composed of 
wood and a structureless ground mass with resin in 
negligible quantities and some pyrite inclusions in its 
uppermost portion. 

P o c a h o n t a s № 4 
(Plate IV, fig. rg.) 

From Pocahontas № d we have three specimens 
from the lower (№ 26), central ( j \ " 20), and upper 
portions (rV° 2 4). The physical characteristics are the 
same as those described in the first paragraphs with 
the addition that № •20 and I№ 26 have some pyrite 
stains along the cleavage partings. 

The specimen from the bottom of the seam is very 
finely banded, with a few clear black bands visible to 
the eye, and is less fragile than the average of these 
samples. It is found to be composed of wood and pâte, 
its microscopic structure illustrating very clearly the 
rôle of the pâte as a ground mass for coal. The woody 
tissues are present in all varieties. When they are very 
minute they do not follow any special grouping, but 
when larger they are apt to be found in certain hori
zons and not isolated. This fact may be explained by 
some sort ol a saturation theorv on bacterial action. 
When conditions are favourable for complete putre
faction (that is, enough oxygen present) the vegetable 
débris falling into the shallow waters will be trans
formed into a black colloidal mud, with some pieces 
here and there that have resisted decay. If too much 
oxygen is used up by the bacteria, the next arrivals 
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wUl be only part ly p u t n f i e d , until some small c b a n g e 

oeeurs (a shi f tmg of c u r r e n t s , for instance) to reesta

blish tbe former state of affairs. T h u s tbe larger and 

better preserved pieces are found in b a n d s , while the 

tiny f r a g m e n t s m a y be distr ibuted a n y w h e r e . Natu

rally the partial ly altered pieces have m o r e w e i g h t 

than the pâte in its early stage and they sank Hghtly 

into it, as its fluid character would easily allow that 

to o c c u r . T h i s s p e c i m e n , when studied with a m a g n i 

fication of 180 d iameters , bears out this idea- very 

wel l . O n e or two tiny particles of pyrite are present , 

but no res in . 

T h e sample from the centre of the seam (S° 25) 

is m u c h the same — as is the top sample (№ 2.4), 

t h o u g h they conta in fewer b a n d s of large pieces of 

wood, m o r e pâte , and m a n y of the tiny f r a g m e n t s . 

T h e y again bear out the fact that the pâte is a g r o u n d 

m a s s . T h e smal l bits of altered w o o d end in s h a r p or 

rounded points are somet incs s l ightly bent or curved 
and the pâte complete ly s u r r o u n d s t h e m . A few l o n g 

f ibrous pieces of wood arc present , perhaps G m / m . 

in l e n g t h — w h i c h is very rare . Res in is absent or 

n e g l i g i b l e . S o m e pyrite is found in № aB. 

A s just seen P o c a h o n t a s № ^ possesses practical ly 

the same character ist ics as the seam P o c a h o n t a s № 3. 

T h e y are b o t h formed u n i q u e l y of wood tissue and 

pâte , with n o visible impuri t ies save for occasional 

• beds of pyr i te . T h e pyrite is m o r e present in seam 
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S e w e l l 

From the Sewell seam we have three specimens 
from the same level, iG" from the roof (^° 27, 28 
and 29). The hand specimens present a slightly dif
ferent aspect from the previous ones studied, being 
composed almost entu'ely of the semi-bnglit type of 
bands with no definite lavers of bright coal or vitrain 
clearly visible. They have the same cubicle cleavage 
and annoying fragihty. 

Under the microscope they have similar type struc
ture and contents. There are no lavers of bright coal, 
yet the pate is present everywhere in its rôle of ground 
mass. The pieces of wood are in every degree of 
arrested decay and are very numerous. The larger 
kind with well preserved cell structure are in great 
numbers, with the tiny fragments also distributed 
throughout the specimen. It would be impossible to 
draw a straight line, parallel to the bedding plane 
across the polished face (2 cm) , that would not touch 
at least one of these woody tissues. Yet there is much 
pâte above and below each little fragment. The arran
gement of these pieces is like that of the slabs of 
stone in an old country wall with cement (or air) space 
increased many times. The pâte is sometines slightly 
undulating when near a bent or wavy piece of wood. 
There is no pyrite in these specimens, nor did I notice 
any resin. 



B e c k l e y 

The three samples fro/ii r3eckley (X°' 3o, 3i and 

3a) are ail taken 36" from the toj) of the seam. The 

rough specimens, and the polished surfaces before 

using the microscope are similar to those characte

ristics of the bottom of Pocahontas № 3. 

The microscope shows a structure similar to the 

other specimens. The consiituents are wood and pâte, 

with nothing else present. The wood fibres .sometincs 

have the shape of cuticles or pieces of spore cxines, 

or are occasionally rounded like resin, but one can 

tell them under high power magnification by the cell 

structure, brilliance, or rigidity. These fragments are 

in various kinds of alteration, and two pieces nearly 

touching each other are often of different character. 

A piece mav be almost structureless, a little above i t 
will be another piece with clear cellular structure, above 

t h a t N M l l be a band of bright coal, and around it all will be 

the pâte. Bright coal or vitrain Is absolutely amorphous. 

However, the pâte enrobing the plant debris is equally 

structureless, a n d is in no way different from the 

anthraxylon except for Its stratification characteristics. 

It is this fact that makes me disagree with the theory 

that anthraxvlon is uniquely formed from wood. If 
anthraxylon is nothing but a pure band of pâte (and 

i t I S identical except for size) i t could very possibly be 

a hardened carbonized mud composed of the comple

tely putrified vegetable substances that were present 

In the ancient swamp. That It was soft Is evident. 
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because it bends for other bodies on its edges, and 
even in anthracite it is seen that these débris have 
sunk into its one-time fhiid mass. The figures (plate II, 
figs 9 and l o ) show many resinous bodies tiiat have 
partially occupied the normal line of stratification of 
a band of vitrain or anthraxylon, and this is more 
evident in the coking coals, as here the hands of 
vitrain divide around an occasional other type of 
structure, which can be seen with the naked eye (text 
fig. I between bands B and C)or with the microscope. 
Bright Coal (Vitrain) is really pâte in enlargement' 
with a less fluid character. 

In these specimens from the Beckley seam there is 
no pvrite, and I have seen no resin or other types of 
plant débns. 

« B » o r M i l l e r 
(Plates III and IV) 

From this seam we have two samples, one from the 
centre (№ 33) and one 6" from the bottom (M° 3^). 
A third sample was taken fi" below the bonccoal (35) 
which in itself furnishes a full and interesting amount 
of study material (text fig. I). The specimens from 
the seam itself vary more than any other two samples 
m the collection. № 3/i is extremely fragile and seems 
to be made up largely of bands of the bright coal 
with the silvery or semi-bright coal present in lessen 
quantity. № 33 is less fragile, more compact and con-
tatains mostlv the-semi-bright type of banding, with 
less evident cleavage spaces on a freshly broken surface. 
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The former sample illustrates the undependabilily of 
macroscopic terminology. To look at it, even with a low 
power glass, one would say that there were many bauds 
of bright coal and few of semi-briglit coal, but the 
truth is the opposite. The terms used to designate phy
sical aspects of coal are useful as cubby holes to store 
things in, but must never be taken as an exact lablç 
for the constituents, which alone arc important in 
determining the kind of coal. In this specimen there is 
much wood in all kinds of preservation, and two or 
three distinct bands of bright coal which the c\e 
sees more often than is the actual case before the polis
hing process, The fragments of wood are aligned and 
of \ar\ing sizes, some fairly large, always embedded in 
the j)âte, winch forms the greater part of the specimen 
tlruigbt n;)t often as bands of bright coal. Resin and 
pyrite are conspicuous by their absence. 

The more compact semi-bright specimen was not 
so deceptive as to content. Bands of bright coal are 
practically non-existent, and the pate appears solely as 
an enrobing substance. Wood is present in great quan
tities. As usual it is in all sizes and all degrees of arres
ted decay. Some of the pieces are long and thin with 
the shape of cuticdes, otliers, fractured across a cell, are 
a bit like spore fragments. Tiny fragments, larger pie
ces, broken or compressed fragments, all are held in 
the pate — presenting a very fluid allure — and are 
verv nuinerous. On this polished face also it would be 
difficult to draw a line parallel to the stratification plane 
without cutting some of the ŵ oody tissues. Resins 
appear in groups or as isolated bodies, with or without 

file:///ar/ing
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v i s i b l e s e c r e t i n g c a n a l s t r u c t u r e . A t a n e n l a r g e m e n t of 

7 0 d i a m e t e r s , t h e l a r g e r o n e s a p p e a r t h e s i z e of a n 

« o )) i n t h i s p r i n t . P y r i t e i n c l u s i o n s a r e a l s o p r e s e n t . 

T h e s a m p l e l \ ° 35 w i l l b e s e e n t o h a v e a I c n t i c l e of a 

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

p h o t o g r a p h ( t e x t f i g . I ) is n e a r l y n a t u r a l s i z e , a n d 

t h e t h r e e m a i n l a y e r s a r e m a r k e d A , B a n d C . A a n d 

C a r c t h e s a m e t y p e as all t h e o t h e r c o k i n g c o a l s p e 

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

of d e p o s i t . A a n d C a r e c o m p o s e d of a l t e r n a t i n g b r i g h t 

a n d s e m i - b r i g h t b a n d i n g w i t h t h e c h a r a c t e r i s t i c c u b i 

c a l c l e a v a g e a n d g r e a t f r a g i l i t y of c o k i n g c o a l s , C b e i n g 

m o r e f r a g i l e t h a n A . T h e c e n t r a l l a y e r , B , i n t e r m i t 

t e n t l y b o u n d e d a b o v e a n d b e l o w b y p y r i t e , is c o m p a c t 

w i t h n o b a n d i n g , h a s a d u l l l u s t r e , a n d is t o u g h e r 

t h a n t h e o t h e r b e d s . T h i s t y p e of c o a l w e c a l l D u l l 

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

S t o p e s ( s p o r e c o a l ) b u t h e r e w e h a v e a l e n s of d u l l c o a l 

t h a t is m a d e u p of w o o d . 

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

s t a r t i n g f r o m t h e b a s e of C , t h e f o l l o w i n g t h i n g s w e r e 

n o t i c e d . T h e r e a r c v e r y s m a l l a n d i n f r e q u e n t b a n d s of 

v i t r a i n , m u c h p â t e e n c l o s i n g t h e u s u a l v a r i e t y of 

w o o d y d é b r i s . R e s i n is p r e s e n t i n s m a l l q u a n t i t i e s . A s 

o n e a p p r o a c h e s t h e c o m p a c t c e n t r e z o n e , a v e i n of 

p y r i t e is e n c o u n t e r e d , t h e n a b a n d of b r i g h t c o a l , 

t h e n a n o t h e r v e i n of p y r i t e — all p a r a l l e l w i t h t h e 

s t r a t i f i c a t i o n of z o n e G . I m m e d i a t e l y a b o v e t h i s v e i n 

is t h e d u l l c o a l z o n e , a n d a s s o o n as t h e p y r i t e h a s 

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

a l t e r s c o m p l e t e l y . ' W e h a v e a c o l l e c t i o n ot w o o d d e b r i s 
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in every imaginable kind of shape and state of preser
vation (recognisable or otherwise). Pseudo-spores 
(plate IV, fig. if)), pseudo-cuticles, more or less nor
mal woody tissues (plate IV, fig. i5), and mi^ch resin 
in a mass of what at one time must have been wood 
pulp not entirely putrified. Cellular structure is beau
tiful in places (Plate IV fig. i8). The fragments are 
aligned in some parts only, being mostly at gentle 
angles or curves trom the bedding plane. The small, 
nearly structureless pieces are very brilliant and 
numerous. Bands ot vitrain or bright coal are totally 
lacking. The ground mass is a heterogeneous pulp of 
wood-pate not completely amorphous where tiny iso
lated cellules or broken tissues are frequently found. 
Resins are included in quantity, being found isolated 
or with wood in groups (plate IV, fig. 17) and are 
generally small. The central part ot zone B contains 
one or two lumps ot pyrite. 

On approaching the upper part of this layer, we 
again find a vein of pyrite. This one is not so 
continuous as the one below the central zone, and it 
is parallel with the stratification of the upper zone. 
Directly above the pyrite there is no change in the 
character of the constituents ; the change begins on 
encountering the first definite line of pâte. Then gra
dually %ve get a structure like that of C but with occa
sional fragmentary types of B still persisiting. Moun
ting a bit higher, we find the wood more plentiful, 
well stratified, and the pâte present in thin and enro
bing lines. Resin In A is more than C but less than 
the great quantities in B. Pyrite is'also present. 
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The central zone is evidently caused by a change 
in the conditions of deposit such as momentary con-
temporaneoiis e r o s i o n . The abrupt change from C to 
B makes this point evident. The upper border shows 
the gradual transition to normalcy (for this type of 
coal) and indicates the tendency o f the forming pro
cesses to seek a uniform level of deposition. The 
pyrite indicates marine conditions and that it should 
be so pronounced on the lower border o f B may par
tially indicate the reason for its formation. No spores 
or cuticles are found, nor are there any algues, the 
whole sample being wood and pâte, with some resin 
and impurities (pyrite). 

The figure 19 of plate IV is typical of all coking 
coals, being taken from sample 26 of Pocahontas № 4-

C o n c l u s i o n s 

I . In all these specimens, I have olyscrved no 
spores or cuticles ; and it seems that the vegetable 
constituents of a coking coal are always pâte and wood 
fragments, with resin sometimes present in unimpor
tant quantity — and nothing else. This is much the 
same as that sattcd by Duparque in France and in 
America by Jeffrey, (( Coking coals are predominantly 
of woody origin )). 

3 . The percentages of wood and pâte may vary 
from bottom to top of a vein, following no rule or law 
for any level. 
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3. A U wood f r a g m e n t s of even faintly reeognisable 

s tructure are m m u t e . A piece of i c m . in lengtl i is 

except ional ly rare . 

fl. B r i g h t coal or vitrain is pâte and not w o o d y 

t issue. If it were w o o d , one w o u l d expect to find m o r e 

t h a n an occas ional f r a g m e n t of woody tissue r e c o g n i 

sable l o n g e r t h a n i c m . 

0 . R e s i n is of little i m p o r t a n c e in the l ight of the 

pâte a n d woody const i tuents . 

f). T h e structure and contents of F r e n c h c o k i n g 

coals are near ly identical to the same r a n k coals in 

A m e r i c a . 
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A N T H R A C I T E S 

These samples come from three of our finest anthra
cite beds ; Buck Mountain, Mammouth, and Prim
rose. They are exceptionally tough and hard to cut 
for polishing. The banding, so distinct in the coking 
coal I S less obvious and has not the striking brilliance 
of the others. The samples from the Mammouth vein 
are almost entirely composed of clear-bright coal with 
the stratification made evident by occasional ihin Hues 
of the semi-bright or the dull coal. The Buck Moun
tain specimens are very distinctly banded, the clear 
bright layers being in a minority, noticeably ending 
in tapering ends on an unpolished surface, and see
mingly enclosed by the other types of banding. One 
cannot distinguish between the dull and semi-bright 
coal before a polished surface has been obtained. They 
look like a compacted bituminous coal. The Primrose 
sarriple is also distinctly stratified, retaining some 
distorted traces of a cubjcle cleavage. It is somewhat 
like a semi-biuminous specimen, as though compacted 



and glued together. It seems to be composed of bright 
and semi-bright layers only. Fusain occurs in all the 
veins. Each specimen has a high eoncoidal fracture 
(though Buck Mountain specimens tend to break 
parallel and perpendicular to the bedding more than 
most anthracites), is very hard, and difficult to cut 
for polishing. They present the appearance ol harde
ned' pitch. 

B u c k M o u n t a i n 

(Plate I, fig. I , 9 , 3. Plate 11) 

With the first specimen under the microscope a great 
difference is observed from those coals previously stu
died. The plant débris and p a t e arc brought -well into 
view, but determination is difficult because of the 
compactness of the rock and possible alteration of the 
contents by pressure — in spite of the extraordinary 
high polish one can put on a planed surface of this 
anthracite. To check up on the vertical faces, we made 
two fiorizontal cuts to see if we could be more certain 
in naming and discussing the constituents. 

The sample from Olyphant Colliery, cut in vertical 
section and polished, shows a very clear and clean cut 
structure. The clear bright coal is in several distinct 
pure bands as well as in thin lines of pâte in the 
semi-bright and dull bands. A very interesting spe
cimen, as it seems to contain a bit of everything, 
though in the dull bands one cannot definitely deter
mine anything. The fig. i , Plate I seems to contain 
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cuticle fragments, t u t as they have not the charac
teristic grey colour and relief, those forms nmst be 
considered as pâte. Perhaps they have been plants 
formed into pâte by pressure or bacterial action 
before deposit but it is impossible to say. Not enough 
intensive work has been done on this coal seam, or vve 
would be able to find points lor comparison and be 
more sure. This specimen alone warrants much inten-' 
sive study — in corelation with samples from many 
other localities of the seam. 

There Is structure that we can be sure of. Away 
from the bright bands (Plate I, fig. 2 , B) there are 
fine strips of pâte and occasional good structure pre-
.served in the enclosed piece of wood (same figure, SB, 
W) . Most of this pâte is in long thin curving fines, 
forming the scmi-brlght layers. It takes all sorts of 
forms. Wood is found in all types — except the 
minute fragments remarked in the coking coals. If they 
existed they have been robbed of distinctive structure by 
compression. Good cell structure may be seen in 
Fig. 3 of plate I (an enlargement of Fig. a, W) . 

The gelified wood is present also, but is difficult to 
recognise unless there is a bit of structure still visible. 
The wood docs not seem to have any special grouping. 

Resin is found quite frequently — always with its 
characteristic globular form and good relief (Fig. I, 
Plate I). There Is no pyrite present. 

The horizontal section of this sample gives little 
information on the dull coal. There arc the little 
curved brilliant bits of débris and the long thin ones 
which we now take to be pâte. It does show very 
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V I V I D L Y W O O D , , A N D R E S I N . T H E S E C T I O N W A S C U T A C R O S S A 

S E M I - B R I G H T B A N D , B U T A S T H E S T R A T I F I C A T I O N I S N E V E R 

E X A C T L Y L E V E L , I T M A Y R E C U L T H E S A M E T H M B E D O F P Â L E 

O R D I S T O R T W O O D Y S T R U C T U R E , O R P R E S E N T A C U T I C L E I N 

F R A G M E N T S . 

T H E S A M P L E F R O M R I C H A R D S C O L L I E R Y I N C R O S S 

S E C T I O N S H O W S G O O D S L R U C L U R E B U T I S L E S S D I S T I N C T 

T H A N T H E O N E J U S T D I S C U S S E D , LL I S M O R E C O M P R E S S E D , 

H A S a L E S S A L I G N E D P L A N O F S T R A T I F I C A T I O N A N D F E W E R D I S T I N C T 

B A N D S O F C L E A R B R I G H T C O A L . T H E R E A R E S O M E B A U D S O F 

D U L L C O A L ( P L A T E I I , FIG. 9 A N D 1 0 ) P R E S E N T I N T H E 

S P E C I M E N B U T I T I S M O S T L Y C O M P O . S E D O F S E M I - B R I G H T 

J A \ E R S . T H E P L A N T D É B R I S I S , F O R T H E M O S T P A R T , H A R D L Y 

D I S T I N G U I S H A B L E ; B U T W O O D W I T H G O O D C E L L U L A R S T R U C 

T U R E I S F O U N D , A S W E L L A S P A R T L Y G E L I F I E D J I I E C E S . T H E 

R E S I N S H E R E A R E O F T E N O V A L L E D ( T H E L O N G A X I S I N T H E 

B E D D I N G P L A N E ) , A S W E L L A S R O U N D , A N D A R E Q U I T E F R E 

Q U E N T . T L I E H O R I Z O N T A L . S E C T I O N S H O W S T H E M V E R Y W E ] ] 

( P L A T E I I , FIGS. 7 , 8 , R ) , I N F A C T I T I S M U C H M O R E 

I N F O R M A T I V E T H A N L L I E V E R T I C A L S E C T I O N . T H E W O O D S T R U C 

T U R E I S S H O W N C L E A R L Y A N D I T I-S O F T E N D I F F E R E N T I N N E I G H -

L I O U R I N G F R A G M E N T S ( P L A T E I I , F I G . 6 , W , W I , A V A ) , A S 

W E L L A S T H E T Y P I C A L F O R M S O F T H E R E S I N S . S O M E V E R Y 

S M A L L W O O D F R A G M E N T S W I T H U N A L T E R E D CELL F O R M A T I O N 

A R C A L S O V I S I B L E ( P L A T E I I , F I G . 8 W ) . T H E P Â T E H A S T H E 

S A M E A S P E C T I N A N Y S E C T I O N — A L W A Y S A M O R P H O U S . 

T H E S E S A M P L E S A R E S E E N L O P R E S E N T a W E L L S T R A T I F I E D 

A P P E A R A N C E , C O N T A I N I N G M O S T L Y P Â L E A N D W O O D , W I T H 

S O M E R E S I N . T H E R E A R E S O M E B O D I E S N O T Y E T I D E N T I 

F I A B L E ; B U T E V E N S O , T H E C O N T E N T S A R E C H I E F L Y T H O S E 

M E N T I O N E D . T H E R U C K M O U N T A I N B E D I S A N A N T H R A C I T E 
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w h i c h is v e r y d i f f e r e n t f r o m t h e c o k i n g c o a l s s t u d i e d . 

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

of d u l l c o a l w i t h u n i c h u n i d e n t i f i a b l e d e b r i s . It is 

e q u a l l y w e l l s t r a t i f i e d l e s s v i s i b l e w h e n f r e s h , b u t 

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

t o t h e n a k e d e y e after p o l i s h i n g . 

M a m m o u t h 

( P l a t e I , fig. h, 5 ) 

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

s a m p l e s al l h a v i n g a s i m i l a r a p p e a r a n c e . T h e y a r e 

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

a f t e r c a r e f u l s c r u t i n y i n a f r e s h s p e c i m e n . T h e y b r e a k 

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

q u i t e s h a r p . T h e b e s t c o m p a r i s o n is t o l i k e n t h e m t o 

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

f o r t h e m i n e r a l c h a r c o a l s p e c i m e n ( № /')). V e r y t h i n 

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

h e o b s e r v e d . 

T h e p o l i s h e d s u r f a c e s s h o w m o s t l y p â t e , w i t h o c c a 

s i o n a l w o o d y t i s s u e s a n d r a r e r r e s i n o u s b o d i e s s i n g l y 

o r i n g r o u p s ( P l a t e I , f i g . h R ) . T h e w o o d f r a g m e n t s 

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

g o o d s t r u c t u r e , as w e l l as c o m p r e s s e d c e l l s ( P l a t e I, 

F i g . L\, 5 W ) . O n e c a n s a y t h a t p â t e is the c o n s t i t u e n t 

of t h i s b e d . T h e p h o t o g r a p h s r e p r e s e n t p h e n o m e n a 

n o t t o o f r e q u e n t - a n d t h e u p p e r p a r t of f i g . 5 is t y p i c a l 

of t h e s t r u c t u r e m o s t o f t e n f o u n d . T h i s p â t e , i n p l a c e s , 

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

d e b r i s , s o f a i n t as t o b e e a s i l y p a s s e d o v e r u n n o t i c e d . 
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Once seen, there is no doubt about it. It is only visible in certain locahties on the polished face, usually near distinct types of plant débris, It thins out and disappears on following it along a plan of stratification or in a vertical direction. There is so little contrast in such a type of structure, that it is difficult to photograph ; but close examination of the central part of fig. 4 plate I will show it quite well. In it can be distinguished faint resins, and gelified wood once in a while, but nothing else. It is probably due to the almost complete putrefaction of débris, and subsequent pressure. The specimens present much the same appearance. This faint structure is a bit more clear in the ones from the Mammouth Top Split, but is still not definite enough to be well identified. This has been called, I believe, « ghost structure » by some authors — a very apt term. Whether it is due to pressure or bacterial activity is the question. INaturally both forces have operated, but decay must have been the most important formative agent, as these débris are very small, well ahered and virtually structureless. This bed is an astounding amassage of material. The size of the original deposit and the length of time for its formation are rather staggering considerations. It is not at all like Buck Mountain nor Primrose, being over 90 % pâte. The fact that these two beds (below and above) are well stratified and still preserve much structure, seems to prove that the agents of putrefaction must have been mainly responsable. It would have been anthracite even if there were many 
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more semi-bright bands present, but undoubtedly the 
purity of the one-time carbonaceous nmd was a great 
assistance towards its present development. 

P r i m r o s e 

This bed is the most recent, is composed of dis
tinct bright and semi-bright layers only, yet the 
constituents are much more difficult lo determine than 
those in the Buck Mountain bed. About all that one 
can say is that there is structure present, that there 
are wide bands of bright coal (or vitrain), that there 
is much pâte, that there are occasional pieces of wood 
with evident structure, some resinous bodies and a 
rare band of dull coal. For instance, you have a hand 
of dull coal with its vague débris ; below ihis band is 
a confused and compressed mass of semi-bright coal, 
which is typical of the general aspect of the specimen. 
Above the dull band is a semi-bright region ; 
with some layers of clear bright coal present, and 
some uncertain cellular woody struclure between 
them. 

This bed is probably anthracitic mainly because 
of présure. Its make-up resembles the other rank of 
coal discussed, though one cannot state that it was 
once a coking cx)al — on acoiint of the present vague-. 
ness of the structure. 

In the Bassin du Nord there are no true anthra
cites. The basin has undergone complicated thrust 

folding, but not the heavy pressure produced by the 
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more rigid subslralam of tlie Appalachians. The basin 
is much smaller than the American deposits, and the 
similar arrangement of the ranks of ooal is here due 
to deposit and bacterial action, while in America both 
causes were effective — pressure being much more 
important than in France. However, the anthracites 
studied bv Duparque resemble very much the Mam-
mouth vein from the pétrographie point of view. 

Co\CLl BIONS 

I . Different anthracite beds may vary more in con
tent than different beds of any other rank of coal. 

a. VaE;ue character of structure in some anthracites 
indicates an influence of pressure. 

3 . Metamorphic pressure is important in their for
mation ; hut the greater the amount of p a t e in the 
original deposit, the more rapid a transformation into 
anthracite is possible. 

I\. Resin may be present in any anthracite even in 
great amount without altering it appreciably. 

0 . The Mammouth bed is anthracitic chiefly 
because of its original constituants ; while the Buck 
Mountain and Primrose beds'seem to owe their state 
to the results of pressure. 



G E N E R A L C O N C L U S I O N S 

I , F A C T O R S O F C O A L D E P O S I T I O N 

1 . Goals are too well stratified to be of autocfitonic 
origin. 

0.. V>u[, the constiluants of coal are too well preser

ved to permit the possibility of transportation by rapid 

currents, or for any distance by gentle ones. 

3 . Goal is, Úxen,'formed in shallow water, near its 

source of origin, and stratified by gravity and very 

gentle currents. 

I I . F A C T O R S O F C O A L C O M P O S I T I O N 

T . The most important factors in determining the 
original composition of coal seem to have been both 
the mechanical classification of the d e b r i s a n d the 
selective bacterial action. 

2 . Goal must have been formed in a body of water 

at least partially isolated, to permit the various kinds 
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of i n c o m p l e l e putrefact ion of the plant debr is . T h e des

cr ipt ion by Jules C o r n e t is p r o b a b l y very close to 

those exist ing condi t ions . 

3 . T h e v a l u e ' o f a c o k i n g coal is d e p e n d e n t on its 

pur i ty and contents ; that is , it m u s t be quite free 

from ash and be m a d e up of wood debris — with the 

possible addit ion of res in. 

I I I . F A C T O R S O F C O A L E V O L U T I O N 

1 . T h e most important factor of coal evolut ion is 

the or ig inal contents — unless a coal b e c o m e s a n t h r a -

citized. 

2. P r e s s u r e is necessary to give a coal its present 

form (see T h o m and T u r n e r 

3 . B o t h B i t u m i n o u s and S e m i - b i t u m i n o u s coals 

m a y b e c o m e anthrac i tes . 

.4. A l l coals proper are in a stage of evolut ion 

towards anthraci te ; but to the present m o m e n t coals 

of the s e m i - b i t u m i n o u s rank (of M . V. 25 - i8 % ) have 

not been observed to contain spores of cut ic les , whi le 

all k inds of vegetable debris are found in var ious 

antfiracites (see T u r n e r and D u p a r q u e ' " ) . 

T h e final stage of a coal , or anthrac i t i zat ion, is 

d e p e n d e n t on pressure , facilitated a c c o r d i n g to the 

p e r c e n t a g e of pâte ; w h i c h accounts for the presence 

of anthracites in the Bass in d u N o r d . 



E X P L A N A T I O N O F P L A T E S 

KEY TO SYMBOLS EMPLOYED 

B . BRIGHT COAL. 

P . PÂTE. 

S B . SEMI-BRIGHT COAL. 

D . DULL COAL. 

W . WOOD. 

F . FUSAIN. 

R . RESIN. 

MS. MACROSPORE. 

MS. MICROSPORE. 

C . CUTICLE. 

ST. STRUCTURE-CN-ARC (BOGENSTRUKTUR). 

W C . WOODY CELL. 

CC. CELL CAVITY. 

C M . CELL MEMBRANE. 

W R . WOODY REMAINS. 

S P . SPACE OR PARTING. 
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P L A T E I 

FIGURE i . — A n t h r a c i t e , B u c k M o u n t a i n b e d , 

s p e c i m e n a , v e r t i c a l s e c t i o n , x 5 5 . 

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

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

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

B i is t h e g e n e r a l a s p e c t of p u r e p a t e in l a y e r s ( b r i g h t 

c o a l ) . 

B a a b a n d of b r i g h t c o a l e n d i n g i n a p o i n t . 

B3 b r i g h t c o a l w i t h r e s i n o u s b o d i e s p a r t l y i n i t . 

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

N o t e t h e w a y t h e t h i n s t r e a m e r s of p â t e s o m e t i m e s 

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

D d u l l c o a l . C e n t e r of t h e f i g u r e c o n t a i n s p â t e 

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

FIGURE 2. — y V n t h r a c i t e , B u c k M o u n t a i n b e d , 

s p e c i m e n 2 , v e r t i c a l s e c t i o n , x 5 5 . 

S h o w s t h e a s p e c t of t f ie f o u r m a c r o s c o p i c u n i t s of 

c o a l as s e e n i n t h i s a n t h r a c i t e . 

B b r i g h t c o a l . 

S B s e m i - b r i g h t c o a l . 

D d u l l c o a l . 

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

INote h o w w e l l t h i s a n t h r a c i t e i s - s t r a t i f i e d . 

FIGURE 3. — E n l a r g e m e n t of a p o r t i o n of W 

i n F i g u r e 2 P l a t e I ^ ^^O. 
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P p â l e . P r e s e n t s t h e s a m e a s p e c t as t h e b r i g h t 

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

W w o o d i n t h e s t a t e of f u s a i n , s t r u c t u r e - e n - a r c o r 

b o g c n s t r u k t u r ( c o m p r e s s e d c e l l s t r u c t u r e ) . 

C o m p a r e t h i s w o o d w i t h f i g u r e s 5 , i 3 , a n d i 8 . 

Figure à- — A n t h r a c i t e , M a m m o u t h b e d , 

s p e c i m e n 3 , v e r t i c a l s e c t i o n , x 5 5 . 

N o t e t h e v e r y d i f f e r e n t c h a r a c t e r of t h i s a n t h r a c i t e . 

I t is p r e d o m i n a t e l y p a t e , c o n t a i n i n g h i g h l y g e l i f i e d 

w o o d y t i s s u e s ( e s p , W 2 ) , S m a l l b i t s of r e s i n ( R , R s ) , 

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

( S B ) . ^ 

Sp space. 

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

R a g r o u p of r e s i n s . 

W , W i , W s , W 3 — w o o d y t i s s u e s w i t h c e l l s t r u c 

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

Figure 5. — A n t h r a c i t e , M a m m o u t h b e d , 

s p e c i m e n 3 , v e r t i c a l s e c t i o n , 2 6 0 . 

P p â t e . I t f o r m s t h e g r e a t e r % of t h i s v e i n . 

W w o o d y t i s s u e . ' 

S t s t r u c t u r e - e n - a r c . 

C c c e l l c a v i t y . 

C o m p a r e s p e c i m e n w i t h f i g u r e s 3 , i 3 , 1 8 , a n d t e x t 

f i g u r e i 3 . 
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PLATE II 

Figure 6. •— Anthracite, Buck Mountain bed, 
specimen i , horizontal section, ^55. 

P pâte. Similar appearance in any section. 

W, W i , Wa pieces of wood showring typical elon
gated cell struclure in horizontal section. W s is pro
bably partly pyritized. 

Figure 7. — Anthracite, Buck Mountain bed, 
specnnen i , horizontal section, ^ 55. 

Group of resins (R) showing how they may be oval, 
round, whole or in fragments. 

Figure 8. — Anthracite, Buck Mountain bed, 
specimen i , horizontal section, x 55. 

More resinous bodies in semi-bright coal. 
P pâte. 

W small piece of wood with preserved structure. 

Figure 9. — Anthracite, Buck Mountain bed, 
specimen i , vertical section, ^ 55. 

Different type of structtire for different locality of 
the bed. Banding less distinct and determination more 
difficult. 

B bright coal ; some bands ending in points. Com
pare with figure I (B2). 

SB semi-bright coal, being made up of bright coal 
as well as pâte and vegetable debris. 

D dull coal, contents not identifiable. 



p pâte, always amorphous and similar to bright 
coal. 

R i , Ra, R 3 resins. Compare with resins in figures 
4, i 4 , 1 7 , and text figure 1 1 . 

\r Vegetable remains. 

Figure 1 0 . — Enlargement of R 2 in previous 
figure, ^ /i4o. 

Shows characteristic form of resins m anthracites, 
the difficulty of determining the compressed structure 
above them, the contact between the semi-bright and 
dull types of banding, and the indistinctness, of the 
plant debris in the dull coal — even under fairly high 
power magnification. 

In these previous photographs, it will be noticed 
that the structure and contents of the anthracites is 
clearly brought out by the method of polish employed; 
but that the difficulty lies in saying what it all is, 
because of the compressed character of the rock. In 
the following figures, as the structure is less complex, 
determination will be found to be easier. 

PLATE III 

Figure 1 1 . — Coking Goal, « B » or Miller 
seam, specimen 3 3 , vertical section, x 5 5 . 

Shows excellent preservation of wood fragments, as 
will as typical make up of the semi-bright bands. In 
this photograph it w'illi be noticed that macerated 
woody tissues ol all sizes are practically the only cons-
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l i t u e n l o f t h i s c o a l a t t h i s p a r t i c u l a r s p o t . T h e p i e c e s 

o f w o o d m a r k e d F , F 2 , a n d F 3 a r e i n e x c e l l e n t p r e s e r 

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

F r a g m e n t s a r e u s u a l l y v e r y m i n u t e a s i n t h e s e m i -

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

s e e n i n figure 1 9 . N o t i c e t h e d i f f e r e n t s t a g e s o f a h e -

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

o n e a n o t h e r . 

S B . — s e m i - h r i g h t l a y e r s w i t h t i n y w o o d y f r a g 

m e n t s . 

W . — w o o d f r a 2 ; m e n l s . 

F i , F a , F 3 . — f u s a i n o r m i n e r a l c h a r c o a l o f d i f f e 

r i n g c h a r a c t e r i s t i c s . 

Figure 1 2 . — E n l a r g e m e n t o f F i a n d F a 

o f figure I I , p l a t e I I I , x a o o . 

S B . — s e m i - b r i g h t c o a l ; n o t e h o w i t i s p r e s e n t 

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

( F I a n d F 2 ) . 

F I, F a . — f u s a i n w i t h e l o n g a t e d c e l l s t r u c t u r e , 

e v i d e n t l y c u t « w i t h t h e g r a i n » . 

R . — r e s i n . 

C c . — c e l l c a v i t y . 

C m . — c e l l m e m b r a n e . 

Figure i 3 . — E n l a r g e m e n t o f F 3 t o t h e 

r i g h t o f t h e f i g u r e 1 1 , p l a t e I I I , ^ 2 5 o . 

F 3 . — f u s a i n , c u t ( ( a c r o s s g r a i n » . T y p i c a l c e l l u l a r 
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s t r u c t u r e . C o m p a r e w i t h figures 3 , 5 , i 8 , a n d t e x t 

f i g u r e I I . 

P . — p â t e . 

R . — r e s i n . 

X o t e h o w p â t e a n d s e m i - b r i g h t c o a i is f o u n d t o 

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

figure. 

Figure i 4 . — C o k i n g C o a l , « B » o r M i f i e r 

s e a m , s p e c i m e n 3 3 , v e r t i c a l s e c t i o n , x 5 5 . 

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

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

c l e a r l y v i s i b l e a s w e l l as t h e p â t e i n i ts c h a r a c t e r i s t i c 

a m o r p h o u s a s p e c t . C o m p a r e w i t h f i g u r e s â , 7 , 9 , 1 7 , 

a n d t e x t figure 1 0 . 

PLATE IV 

Figure i 5 . — C o k i n g C o a l , u n d e r b o n e c o a l 

of (( B )) o r M i l l e r s e a m , s j > e c i n i e n 3 5 - B ( s e e t e x t 

figure i ) , v e r t i c a l s e c t i o n , x 5 5 . 

A s p e c t of a p o r t i o n of t h e c o m p a c t l a y e r of t h e 

s p e c i m e n . S h o w s t h e o c c a s i o n a l g o o d p r e s e r v a t i o n of 

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

T h e s e m i - b r i g h t c o a l is a l s o m o s t l y w o o d f r a g m e n t s . 

W i , W 2 , W 3 , W / i . — w o o d i n v a r i o u s t y p e s of 

p r e s e r v a t i o n . 

R . — r e s i n w i t h f o s s i l i z e d s e c r e t i n g c a n a l s . 
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Figure i 6 . — Same source previous figure, 
X 25o. 

Pseudo-spore. Shows the odd and deceptive aspects 
that can be presented by fractured or broken wood 
cells. 

W r , W r i . — woody remains. 

St. — isolated or separated fragments of structure-
en-arc. 

P . — pâte. 

R. — resin. 

Figure 17. — Same source as previous figure, 
X 25O. 

Odd shaped fragments of woody tissues and resins 
in the pulpy wood-pate gorund mass from specimen 
35 B. 

W. — wood fragments. 

R i . — broken piece of resin with well preserved 
secreting canals. 

Figure 18. — Same source as previous figure, 
X 35o. 

Fusain, compressed cell structure or a structure-en-
arc )). Compare with figures i 3 , 5, 3 , and text figure 
1 1 . 

Figure 19. — Coking coal, Pocahontas № ¿1, 
specimen 26, vertical section, x 55. 
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Typical aspect of coking coals. Characteristic arran
gement and appearance of the wood fragments found 
in them. 

P. — pâte, always the same. 

W i , W s . — the most frequent type of wood lound 
in coking coals. 

W 3 , Wd, W 5 . — other types often found. 

Wr . — woody remains. 

Sp. — space. 
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