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With reference-to t h i n  sec t ion  techniques and the  normal sect ioning of  coal t h e  
fol1owing.comments have been made: "... the method f a i l s  with an thrac i tes  and o ther  
coals  r i c h  i n  carbon ..." (Seyler, 1925, p. 117) and "anthraci te  has  f a i l e d  t o  respond.." 
(Turnqr, 1925, p. 127). 
Can no longer be s tudied by, t ransmit ted l i g h t  f o r  t h e  an thrac i te  has  l o s t  transparency 
even i n  t h e  very th innes t  sections". 
made before and a f t e r  t h e  da tes  c i ted,  p r i n c i p a l l y  by t h e  European coal  p e t r o l o g i s t s .  
There i s  no doubt t h a t  an thrac i te  and semianthraci tes  have presented g r e a t  technological 
b a r r i e r s  t o  t h e  t h i n  sec t ion  workers. Petrologic .s tudy of these higher  rank coals  has  
been sorely neglected when compared t o  t h e  wealth of information developed f o r  those  
coals  lower i n  rank. 

More recently, Plumstead (1957, p. 12) has  s t a t e d :  "... they 

These cgmments a r e  very s i m i l a r  t o  many o t h e r s  

,/, 

Recently, however, a technique has  been developed a t  t h e  Anthracological Labora- 
t o r i e s  of The Pennsylvania S t a t e  Universi ty  f o r  the  preparat ion of c red i tab le  t h i n  
sect ions of semianthracite and an thrac i te .  The two most important f a c t o r s  which d i f f e r  
from previous methods used are t h e  mounting medium and t h e  extended preparat ion t i m e .  
An epoxy r e s i n  (Biggs Bonding Agent R-313) i s  used and allowed t o  "cold-set". Allowing 
t h e  r e s i n  t o  "set" without t h e  use of hea t  lengthens t h e  curing t i m e  but a l s o  minimizes 
the  stresses and s t r a i n s  set up due t o  hea t ing  and cooling of the microscope s l i d e ,  t h e  
mounting medium and the  coal  block. So-called standard techniques a r e  employed f o r  
preparatTon of the  coal  surface, "cut-off", and removal of excess mater ia l  from t h e  
s l i d e .  The mounting of t h e  block (as previously mentioned) and t h e  f in i sh ing  operat ions 
a r e  where var ia t ions  occur. Fine f i n i s h i n g  is car r ied  out on a Belgian hone as would 
normally be done. After  this s tep,  hand f in i sh ing  with e rasers  or corks dipped i n  
cerium oxide or red rouge are used t o  br ing the  sect ions to canyrletion. 
last  s tep  t h a t  i s  very tedious and t i m e  consuming. 

It is t h i s  

The t h i n  sec t ions  of an thrac i te  prepared to  date  are not of t h e  high q u a l i t y  i t  
is  possible  t o  a t t a i n  when one works with bituminous and other lower rank coal. However 
it is possible  t o  view many of  t h e  organic e n t i t i e s  present  under t ransmit ted l i g h t .  
The anthrinoids, micrinoids and fusinoids  are  present  and may be s tudied  i n  considerable 
d e t a i l .  
have been encountered i n  a recognizable form. 

Thus f a r  no representat ives  of t h e  "resinoid" or "exinoid" maceral groupsa 

Geology and many of t h e  o ther  s c i e n t i f i c  d i s c i p l i n e s  owe a g r e a t  deal  t o  W i l l i a m  

With spec ia l  reference to  coa l  and t h e  evolut ion of p l a n t  
Morris Davis. 
appl icable  i n  most f i e l d s .  
mater ia ls  t o  form peat, l i g n i t e ,  subbituminous, bituminous and anthracitic coals  it is 
of p a r t i c u l a r  s ignif icance.  In a l l  coa l  seams a p a r t i c u l a r  s e t  of cons t i tuents  e x i s t s  \ J  
at  each point  i n  t h i s  progression. These materials are acted upon by a s e t  of physical  
and chemical forces  which act or  have acted f o r  a per iod of t i m e .  Thus we have 
s t r u c t u r e  - the  materials a t  hand, process - the  forces  act ing upon these  materials, 
and st'age - t h e  t i m e  f o r  which these forces  have acted and the  degree t o  w h i c h  t h e  
const i tuents  have progressed t o  produce t h e  subject  mater ia l s ,  

His presenta t ion  of the concept of  "structure-process and stage" is  

The origPnal qsstructuresPV w e  have t o  work with, t h e  progeni tors  of a l l  the macerals, 
a r e  t h e  plant  materials deposi ted i n  t h e  o r i g i n a l  coal  Swamp. It is not t h e  purpose of 
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t h i s  a r t i c l e  t o  t race  t h e  evolut ionary development of these p lan t  mater ia l s  through t h e  
var ious c o a l i f i c a t i o n  s tages ,  but t o  look more c lose ly  a t  t h e  maceral re la t ionships  
encountered i n  the high-volat i le ,  low-volatile and an thrac i te  coals. I t  seems evident 
t h a t  t h e r e  are more macerals present  i n  t h e  medium- and low--volatile coals  than there  
are  i n  e i t h e r  those of high-vola t i le  or a n t h r a c i t i c  rank. This i s  a t  f i r s t  surpr i s ing  

. but evaluat ion of many hundreds of t h i n  sect ions makes this  apparent. 

I t  has  been general ly  f e l t  t h a t  i n  t h e  c o a l i f i c a t i o n  series of pea t  t o  an thrac i te ,  
t h a t  t h e  degree of complexity of  composition decreases with an increase in  f ixed  carbon 
and a decrease i n  v o l a t i l e  mat ter .  Overall t h i s  i s  t rue ,  but there  i s  an increase i n  
the  t o t a l  number of macerals present  when medium- and low-volatile bituminous, coals  a re  
examined. Figure 1 i s  an attempt to show this phenomenon diagrammatically. No exact 
numerical values  have been determined for the  macerals present  i n  the  peat ,  l i g n i t e  and 
subbituminous coals .  However they f a r  outnumher those present  i n  coals  of higher  rank. 

The decrease of macerals as one goes from pea t  t o  t h e  high-volat i le  bituminous 
coals  i s  explained by .the f a c t  t h a t  c e r t a i n  maceral types present  i n  t h e  e a r l y  -s tages  
of c o a l i f i c a t i o n  a re  1ost .completely during the increase  i n  rank of t h e  coals .  Also 
two or more macerals may combine t o  form one type higher i n  t h e  c o a l i f i c a t i o n  series. 
The sudden increase  i n  numbers of e n t i t i e s  present  i n  t h e  medium- and low-volatile 
bituminous c o a l s  poses c e r t a i n  problems. The series which h a s  been approaching near 
homogeneity i n  an thrac i tes  and meta-anthracites here  devia tes  i n  pat tern.  why does 
t h e  general  p i c t u r e  of a decrease i n  numbers suddenly reverse  i t s  t rend  and show an 
increase,  numerically and i n  complexity, about the medium- and low-volatile bituminous 

. range? This increase in numbers and complexity of  themacerals-occurs  pr imar i ly  i n  
the v i t r i n o i d  and exinoid groups. 
Longer- than -the o.thers,- and after t h e  o thers  a r e  somewhat s t a b i l i z e &  the.y bre-ak down 
to form new const i tuents .  These are recognizable by s t r u c t u r e  (and tex ture)  and by 
color. Thermal decomposition d a t a  a l so  support these  d i f fe rences  i n  v i t r i n o i d s  and 
exinoids  (Spackman, Brisse and Berry, 1957). 

These substances have r e s i s t e d  change during "process" 
.~ * 

Within t h e  an thrac i tes  t h u s  f a r  examined, th ree  maceral groups have been recognized - 
the  anthr inoids ,  micrinoids, and fusinoids .  There a r e  three  pr inc ipa l  anthr inoids  a l l  
of which are opaque i n  sec t ions  of normal thickness. In  t h e  except ional ly  t h i n  sect ions 
used i n  t h i s  study one of  t h e s e  macerals appears a s  a red t o  red-brown homogeneous 
mater ia l  and t h e  second i s  d u l l ,  drab brown and appears t o  be very homogeneous. A 
material which may have been der ived from t h e  semi-fusinite i n  a lower rank "stage" is  
also present  and include6 in  the anthrinoids. 

The fusinoids  are represented by f u s i n i t e  only, and t h i s  mater ia l  occurs i n  masses 
which appear e i t h e r  lens-shaped or round. Certain of t h e  masses are  s i m i l a r  t o  those 
which have been ident i f ied  as s c l e r o t i a  or s c l e r o t i n i t e  by Stach (1934, 1956a, 1956b). 
and as  r e s i n  rodle t s  by Schopf (1939) and Kosanke and Harrison (1957). Micr ini te  i s  
t h e  only micrinoid encountered so f a r  and it occurs p r i n c i p a l l y  as very f i n e l y  divided 
s t r i n g e r s  of opaque matter i n  t h e  red anthrinoid. 

The use of t h i n  s e c t i o n s  i n  an thrac i te  petrology and petrography i s  not expected 
t o  replace t h e  use of pol ished surfaces  but it has  been shown t h a t  they should be 
f u r t h e r  employed t o  gain valuable  supplemental d a t a  f o r  pol ished surface work and t h a t  
they can add g r e a t l y  t o  our lmowledge of t h e  c o a l i f i c a t i o n  series and t h e  problems of 
Coal genesis. 
i n  mind, w e  can more adequately evaluate  t h i s  organic sediment. 

By looking a t  coal with t h e  "structure, process and stage" concept always 

REFERENCES 

. Kosanke, R.M. and Harrison, J.A., 1957, Microscopy of t h e  resin r o d l e t s  of I l l i n o i s  
C o d ,  Ill. -01. Survey C i r c .  234, 1 4  pp. 



i 

I 

I 

-61- 

Plumstead, E.P., 1957, Coal i n  Southern Africa, Witwatersrand Univ. Press ,  Johannesburg, 

Schopf, J.M., 1939, Medullosa d i s t e l i c a ,  a new species  of the Anglica group of Medullosa, 

Seyler, C.A., 1925, The microstructure  of coal, Trans. of the  A.I.M.E., vol. 71, pp. 117- 

Spaclunan, W., Brisse, A.H., and Berry, W.F., 1957, Basic coal  composition and i t s  rela- 

24 PP. 

her .  Jour. Botany, vol. 26, no. 4, pp. 196-207. 

126. 

t ionship  to  preparat ion and carbonization, Prepr in t  of t h e  Coal Division of the  A.I.M.E., 
25 PP. 

Stach, E., 1934, Sklerot ien i n  der  Kohle, Gluckauf, vol. 70, pp. 297-304. 

, 1956a, La  S c l e r o t i n i t e  e t  Son Importance pour L'Origine de l a  Durite, Proc. 

, 1956b, La S c l e r o t i n i t e  e t  Son Importance pour L'Origine de l a  Durite, Des. 

I n t .  Corn. Coal Petrology, no. 2, pp. 5 6 5 8 .  

Ann. des Mines de Belgique, vol. 1, pp. 1-19. 

Turner, H.G., 1925, Microscopical s t r u c t u r e  of an thrac i te ,  Trans. of t h e  A.I.M.E., vol. 
71, pp. 127-141. 

, 

f 



-62- 

.-------- 

'-- ----- \\ 
\ 
t 
/ 

---- --- 

/ 
I 

------ - -  i 


