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Petrology is  i n  gene ra l  de f ined  as t h e  s tudy of rocks,  and i s  considered a 
branch of  geology. I n  the s tudy  of inorganic  rocks the  p e t r o l o g i s t  r e l i e s  heavi ly  
f o r  i d e n t i f i c a t i o n  of mineral  spec ie s  on such o p t i c a l  p r o p e r t i e s  a s  r e f r a c t i v e  
index and b i r e f r ingence ,  and on c h a r a c t e r i s t i c  c r y s t a l  form o r  morphology. The 
c o a l  p e t r o l o g i s t  also rel ies  on o p t i c a l  p r o p e r t i e s  t o  d i s t i n g u i s h  "macerals" i n  
t h e  o rgan ic  rock, coal ,  but  has  to  use r e f l e c t a n c e  o r  c o l o r  i n  t r a n s m i t t e d  l i g h t  
r a t h e r  than r e f r a c t i v e  index, and cannot d e r i v e  h e l p  from crystal  form. Ins t ead  
he has t o  study the  palaeobotany of  t he  sample and make what use he can of d i f -  
f e r ences  i n  bo tan ica l  s t r u c t u r e  or of  types of a s s o c i a t i o n  of d i f f e r e n t l y  shaped 
bodies  i n  a sample; it i s  t h i s  d i f f e r e n c e  from ino rgan ic  petrography t h a t  g ives  t h e  
s tudy of c o a l  i t s  pecu l i a r  d i f f i c u l t y .  

The nomenclature and c l a s s i f i c a t i o n  of  t he  e n t i t i e s  d i sce rned  i n  coa l s  by 
p e t r o l o g i s t s  i s  a complicated matter which has  been p roduc t ive  of  much controversy,  
and there i s  s t i l l  no un ive r sa l ly  accepted system. Consequently it i s  no t  easy f o r  
o t h e r  workers i n  c o a l  s c i ence  t o  g ra sp  the  n a t u r e  and s i g n i f i c a n c e  of t h e  p e t r o l -  
o g i s t ' s  work, and they may be tempted t o  dismiss  the  work as s t i l l  t oo  i l l - d e f i n e d  
and c o n t r o v e r s i a l  t o  be worth basing t h e i r  own r e s e a r c h e s  on, o r  even t o  be worth 
f ind ing  o u t  about. 

Such a d i smis sa l  would be a grave mistake.  It i s  t r u e  t h a t  t h e r e  is s t i l l  
l ack  of agreement about t h e  s i g n i f i c a n c e  of some of  t h e  e n t i t i e s  claimed t o  b e  
p r e s e n t  i n  c o a l  samples, and about t h e i r  c l a s s i f i c a t i o n  and o r i g i n .  Nevertheless ,  
t h e r e  i s  a body of s o l i d l y  e s t a b l i s h e d  f a c t  which should be  taken account of by any 
chemist  o r  p h y s i c i s t  studying coal, and which i s  of demonstrable importance even i n  
p r a c t i c a l  ope ra t ions  f o r  t h e  use of  coal .  It i s  r e g r e t t a b l e  t h a t  pape r s  a r e  s t i l l  
being publ ished i n  which o f t e n  e x c e l l e n t  experimental  work is  marred by inadequate  
choice and d e s c r i p t i o n  of samples. 
i ng  a coal  s o l e l y  i n  terms of one o f  t he  va r ious  n a t i o n a l  t echno log ica l  c l a s s i f i -  
c a t i o n  systems, such as the  A.S.T.M., has l i t t l e  s c i e n t i f i c  va lue  even t o  a worker 
f a m i l i a r  w i t h  the system, and none a t  a l l  t o  workers elsewhere.  The systems were 
devised t o  de f ine  whole c o a l s  f o r  t echno log ica l  purposes.  

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

I t  i s  the  purpose of t h i s  paper t o  review b r i e f l y  how "macerals" come t o  be 
p r e s e n t  i n  coals ,  and t o  d i s c u s s  t h e  r e l a t i o n  between those  a s p e c t s  of contemporary 
c l a s s i f i c a t i o n  systems t h a t  seem of most importance t o  t h e  chemist  and p h y s i c i s t .  
It i s  hoped t h a t  t h i s  w i l l  f a c i l i t a t e  t he  use of  p e t r o l o g i c a l  concepts  by non- 
p e t r o l o g i s t s .  

Most major coal  measures were l a i d  down i n  e longa ted  depres s ions  i n  t h e  e a r t h ' s  
s u r f a c e  known as geosyncl ines .  For s u b s t a n t i a l  d e p o s i t i o n  of any k ind  of sediment 
i n  a geosyncline,  i t  i s  necessary t h a t  the rate of accumulation of sediment i s  approxi-  
mately balanced by the  r a t e  of  subsidence of t h e  f l o o r  of t he  dep res s ion  due to  t h e  
inc reas ing  load on i t .  
se rved  wh i l e  t he  phys ica l  condi t ions,  p a r t i c u l a r l y  t h e  l e v e l  of the water t a b l e  
remain w i t h i n  f a i r l y  narrow l i m i t s .  
remain i n  balance i n d e f i n i t e l y ,  a co re  of t h e  m a t e r i a l  accumulated i n  a geosyncl ine 

Vegetat ion can only t h r i v e  and i t s  products  of  decay be p re -  

S ince  t h e  two rates r e f e r r e d  t o  above do 
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r e v e a l s  a f a i r l y  r e g u l a r  v a r i a t i o n  i n  type of sediment w i th  depth.  Thus the  c o a l  
seams a r e  sepa ra t ed  by a r e g u l a r  and r epea t ing  sequence of i no rgan ic  sediments,  w i th  
fossi ls  i n d i c a t i n g  the va ry ing  depth of t h e  water i n  which t h e  sediment was t r a n s -  
ported from neighboring high l and  and then deposi ted.  

Even during the formation of one c o a l  seam, condi t ions vary. Varying water 
l e v e l  and movement changes the degree of a e r a t i o n  and hence the a c t i v i t y  of ae rob ic  
b a c t e r i a  i n  br inging about decay. The d i f f e r e n t  types of chemical substance p resen t  
i n  p l a n t s  - ce l lu lose ,  l i g n i n ,  r e s i n s ,  waxes, tannins ,  etc.  - a r e  p re sen t  i n  d i f -  
f e r e n t  r e l a t i v e  p ropor t ions  i n  l i v i n g  woody t i s s u e ,  i n  dead c o r t i c a l  t i s s u e ,  i n  seed 
and l e a f  coat ings,  and s o  on; and a l s o  these  substances show d i f f e r i n g  degrees  of 
r e s i s t a n c e  t o  decay. It  can t h e r e f o r e  be seen t h a t  as cond i t ions  f l u c t u a t e  during 
t h e  accumulation o f  p l a n t  d e b r i s ,  t h e  b o t a n i c a l  na tu re  and chemical composition of 
t h e  m a t e r i a l  su rv iv ing  complete breakdown w i l l  f l u c t u a t e  also. This f l u c t u a t i o n  is 
t h e  o r i g i n  of  t he  f a m i l i a r  banded s t r u c t u r e  of coa l  seams, which is  v i s i b l e  to t h e  
naked eye, and i t  provides  a prima f a c i e  case f o r  supposing t h a t  t h e  banded c o n s t i t u -  
e n t s  w i l l  d i f f e r  chemical ly  and phys ica l ly .  

There i s  another deduc t ion  t o  be made from t h e  mode of o r i g i n  of  t h e  banded con- 
s t i t u e n t s .  
p l an t s ,  and it i s  commonly supposed t h a t  t h e  extra n i t rogen  o r i g i n a t e s  from t h e  
p r o t e i n  con ten t  of the b a c t e r i a  t h a t  brought about decay i n  the pea t  swamp, the bac- 
t e r i a l  remains having been included i n  t h e  c o a l  s t r u c t u r e .  Varying n i t r o g e n  con ten t s  
i n  c o a l s  t h e r e f o r e  r e f l e c t  varying amounts of metamorphosed p r o t e i n  mixed i n  w i t h  the 
p l a n t  d e b r i s .  

The average n i t r o g e n  con ten t  of  c o a l s  is appreciably more than t h a t  of 

The cha rac t e r  of t h e  biochemical system and of t h e  phys ica l  cond i t ions  was 
never such as t o  p re se rve  only one kind of p l a n t  d e b r i s  t o  t h e  exc lus ion  of o the r s .  
Consequently t h e  banded c o n s t i t u e n t s  a r e  merely concen t r a t e s  of some more fundamental 
components. The European c l a s s i f i c a t i o n  of t hese  components i n t o  m a t e r i a l  der ived 
from woody t i s s u e  ( v i t r i n i t e ) ,  from spores ,  s eed  coat ings,  c u t i c l e s ,  etc.  ( e x i n i t e ) ,  
from woody t i s s u e  carbonized o r  changed i n  some o t h e r  way t o  "na tu ra l  charcoal"  ( f u s i -  
n i t e ) ,  and from an unknown source,  poss ib ly  humic mud (micrinite), is  too w e l l  known 
t o  need d i scuss ion  here  (see, f o r  example, Van Krevelenl,  Brown2). The s i g n i f i c a n c e  
of t h i s  b a s i c  c l a s s i f i c a t i o n  has  been confirmed by chemical, carbonizat ion,  and o t h e r  
s t u d i e s  ( s e e  Given3 and r e f e r e n c e s  the re in ) .  

European and o t h e r  p e t r o l o g i s t s  have be l i eved  f o r  some time t h a t  t h e  fou r  main 
c a t e g o r i e s  are themselves not  fundamental, and r e sea rch  on proper sub -d iv i s ion  and 
c l a s s i f i c a t i o n  cont inues a c t i v e l y .  
components w i l l  become a v a i l a b l e  f o r  f u r t h e r  s tudy by o t h e r  techniques.  So f a r  no 
at tempt  has  been m a d e  to  s u b s t a n t i a t e  p h y s i c a l l y  and chemically t h e  p e t r o l o g i c a l  
d i s t i n c t i o n  between t e l l i n i t e  and c o l l i n i t e  (forms of v i t r i n i t e  w i th  and without  
c e l l u l a r  s t r u c t u r e  r e s p e c t i v e l y ) .  Of t h e  va r ious  members of the e x i n i t e  group, only 
s p o r i n i t e  (from megaspores) has  r ece ived  any ex tens ive  chemical s tudy .  

No doubt i n  t i m e  p u r i f i e d  samples of t h e  sub- 

In t h e  chemical and phys ica l  s tudy of c o a l s  i t  i s  customary t o  c o r r e l a t e ,  f o r  
a series of samples, t h e  p rope r ty  being measured w i t h  some o t h e r  p rope r ty  presumed 
t o  measure rank. Even w i t h  pu re  v i t r i n i t e s  t h e r e  i s  apprec iab le  s c a t t e r  i n  any p l o t ;  
t h e r e  i s  much s c a t t e r  w i t h  s p o r e - r i c h  e x i n i t e s ;  while  w i t h  f u s i n i t e s  t h e  concept of 
rank seems t o  break down a l t o g e t h e r  s i n c e  no rank parameter g ives  any c o r r e l a t i o n .  
The s c a t t e r  may be due t o  t h e  i n c o r r e c t  choice of rank parameter (on t h i s ,  s e e  below) 
o r  t o  t h e  random o p e r a t i o n  of n a t u r e  i n  t h e  metamorphic process .  However, t h e  s c a t -  
ter  may a l s o  be taken to i n d i c a t e  t h a t  t h e  materials a r e  s t i l l  heterogeneous,  and 
that the  p e t r o l o g i s t s  a r e  c o r r e c t  i n  i n s i s t i n g  on f u r t h e r  sub -d iv i s ion  of the c l a s -  
s i f i c a t i o n  r e f e r r e d  t o .  

The European maceral  concept  has been c r i t i c i z e d  by American p e t r o l o g i s t s  on 
t h e  grounds t h a t  i t  t a k e s  no account of  rank. I n  t h e  a u t h o r ' s  view t h i s  c r i t i c i s m  
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is based on a misconception. C lea r ly  the  fundamental po in t  i s  t h a t  t o  d e f i n e  a pu re  
sample completely, a t  l e a s t  t w o  s ta tements  are necessary: one showing t h e  maceral  
group t o  which t h e  specimen must be assigned, and the  o the r  l o c a t i n g  t h e  p o i n t  i n  the  
sequence of  changes from p l a n t  m a t e r i a l  t o  g r a p h i t e  (or g r a p h i t i c  carbon) reached by 
metamorphosia. 
monest are t h e  use of carbon content,  y i e l d  i n  the  s tandard v o l a t i l e  m a t t e r  test, and 
maximum r e f l e c t a n c e  under o i l  immersion. 

This p o i n t  can be ind ica t ed  i n  a number of ways, of which the  com- 

European workers (and chemists elsewhere) most commonly d e f i n e  rank by means of 
t h e  carbon content  (d.a.f. o r  d.m.m.f.) of t h e  sample o r  i n  t h e  c a s e  of  f u s i n i t e  by 
t h e  carbon content  of  t h e  a s soc ia t ed  v i t r i n i t e .  Since metamorphosis i s  e s s e n t i a l l y  
a chemical process,  and i t s  t r end  i s  towards pure carbon, t h e  ca rbon  con ten t  appears  
t o  t h e  author  t o  be t h e  b e s t  a v a i l a b l e  and most nea r ly  d i r e c t  measure of rank. How- 
ever,  it must b e  admit ted t h a t  i f  r e f l e c t a n c e  is used as a measure of  rank, t h e  same 
set  of microscopic obse rva t ions  can be  used both t o  i d e n t i f y  the maceral  group and 
a s s ign  a specimen t o  i t s  p l ace  i n  t h e  group; use of the carbon c o n t e n t  r e q u i r e s  a 
s e p a r a t e  observat ion.  

I n  r e c e n t  years,  a number of new ideas  have been introduced i n t o  c o a l  pe t ro logy  
by American workers, which involve a considerable  amount of r e - d e f i n i t i o n  of concepts .  
Groups of workers a t  Pennsylvania S t a t e  Universi ty ,  t h e  U. S .  S t e e l  Corporation, t h e  
I l l i n o i s  Geological  Survey and other  c e n t r e s  have been a c t i v e  i n  fo rmula t ing  t h e s e  
ideas,  which however have no t  y e t  been made widely a v a i l a b l e  to chemists .  

Spackman, Berry and the i r  co-workers4 have made ex tens ive  microscopic  s t u d i e s  
of coa l s  by t r ansmiss ion  of l i g h t  through t h i n  sec t ions .  
m a t e r i a l  der ived from woody t i s s u e  ( v i t r i n i t e )  commonly contained f a i r l y  we l l -de f ined  
regions of  d i f f e r e n t  color ,  some of which showed remains of  c e l l u l a r  s t r u c t u r e  and 
some d i d  not.  
r eg ions  of  c o l o r  ranging from b r i g h t  yellow through orange, r e d  and deep r ed  t o  an 
almost opaque red-brown. 
predominating colors ,  and i n  gene ra l  t h e  c o l o r  s h i f t e d  a c r o s s  t h e  spectrum towards 
r e d  as t h e  rank of t h e  sample increased.  They f e l t  t h a t  i n  a series of samples n i n e  
d i f f e r e n t  shades of c o l o r  could be reproducibly d i s t ingu i shed ,  and termed t h e  compo- 
nen t s  of d i f f e r e n t  c o l o r  v i t r i n o i d s .  The v i t r i n i t e  from a low-rank bituminous c o a l  
might t h e r e f o r e  be composed on t h e i r  hypothesis  predominantly of  v i t r i n o i d s  2 and 3, 
a medium-rank of  v i t r i n o i d s  4 and 5, and so on. Two v i t r i n i t i c  c o a l s  of  s i m i l a r  rank 
might d i f f e r  c h i e f l y  i n  the  r e l a t i v e  proport ions of t h e  same v i t r i n o i d s .  
fy ing  t h e  v i t r i n o i d  a n a l y s i s  of  a sample, t he re fo re ,  they were d e f i n i n g  bo th  the  
maceral  group and t h e  rank from t h e  same set  of observat ions.  However, there is one 
r e se rva t ion :  i n  c e r t a i n  cases  it is d i f f i c u l t  t o  d i s t i n g u i s h  a high-rank v i t r i n o i d  
from a semi - fus in i t e ;  this p o i n t  i s  d i scussed  below. 

They observed t h a t  t h e  

I n  a s u i t e  of samples covering a wide range of r ank  they observed 

I n  any one sample t h e r e  were n o t  more t h a n  two o r  t h r e e  

By s p e c i -  

Some confirmation t h a t  t h e  v i t r i n o i d s  d i f f e r  i n  some s i g n i f i c a n t  manner w a s  
obtained from c o l o r  cinematography of samples mounted on t h e  h o t - s t a g e  of  a micro-  
scope; i n  t h i s  way d i f f e r i n g  behavior - melting, swelling, change o f  co lo r ,  e t c .  - 
of t h e  va r ious  components could be observed d i r e c t l y .  
n i f i c a n c e  of t h i s  v i t r i n o i d  concept w a s  obtained as a r e s u l t  of  t h e  p r e p a r a t i o n  of  
pure v i t r i n o i d s  by c a r e f u l  micro-manipulative techniques app l i ed  t o  s e l e c t e d  samples. 
I n  a series of  experiments, t h e  pure v i t r i n o i d s  were carbonized i n  mix tu re  w i t h  
va r ious  p ropor t ions  o f  i n e r t  f i l l e r  (fused alumina), and t h e  ha rdness  of  t he  coke was 
then measured. It w a s  found t h a t  t h e  curve obtained by p l o t t i n g  coke hardness  
a g a i n s t  p ropor t ion  o f  i n e r t  had a c h a r a c t e r i s t i c  shape f o r  each v i t r i n o i d ,  t h e  shape 
of t h e  curve being r ep roduc ib le  w i t h  samples of t h e  same v i t r i n o i d  sepa ra t ed  from 
d i f f e r e n t  coa l s .  

F u r t h e r  evidence of t h e  s i g -  

The hypothesis  of Spackman and Berry and t h e i r  suppor t ing  evidence a t  l e a s t  
e s t a b l i s h  a case  f o r  t h e  he t e rogene i ty  of v i t r i n i t e s  which is worthy of f u r t h e r  
i n v e s t i g a t i o n .  The hypothesis  i s  e a s i l y  comprehended i n  chemical terms, and it 
should not  be d i f f i c u l t  t o  dev i se  experiments f o r  t e s t i n g  i t  provided s u f f i c i e n t l y  
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s e n s i t i v e  phys ica l  and chemical methods a r e  a v a i l a b l e .  On t h e  o t h e r  hand, i t  is  n o t  
easy t o  s e e  how any probable  combination of biochemical and geological  cond i t ions  
could have produced such a s t r i c t l y  l i m i t e d  number of fundamental c o n s t i t u e n t s  of 
which a l l  v i t r i n i t i c  c o a l s  are t o  be presumed t o  be composed. 
abso rp t ion  of l i g h t  by coa l s  i n  unse l ec t ive ,  t h a t  i s ,  not i n  wel l -def ined bands, 
d i v i s i o n  i n t o  m a t e r i a l s  of  c o l o r  shade d i s t i n g u i s h a b l e  by eye has an element of 
a r b i t r a r i n e s s .  

Moreover, s i n c e  the  

Because of the  necessa ry  l ack  of  o b j e c t i v i t y  i n  sepa ra t ing  m a t e r i a l s  according 
t o  t h e i r  c o l o r  i n  t r a n s m i t t e d  l i g h t ,  c u r r e n t  p e t r o l o g i c a l  r e sea rch  i s  p l ac ing  more 
emphasis on t h e  u s e  of  r e f l e c t a n c e  measurements. A d e t a i l e d  system of c l a s s i f i c a t i o n  
of  c o a l  components based on r e f l e c t a n c e  has now won gene ra l  acceptance among p e t r o l -  
o g i s t s  i n  t h i s  country ( see  Schap i ro  and Gray5). I n  t h i s  system, the observed range 
of  r e f l e c t a n c e  values  of  v i t r i n i t i c  m a t e r i a l s  i n  o i l  i s  d iv ided  up a r b i t r a r i l y  i n t o  
sma l l e r  ranges or s t e p s  of 0.1% r e f l e c t a n c e ,  experimental  values  being s i g n i f i c a n t  
t o  about 0.01%. A component of  v i t r i n i t e  having a r e f l e c t a n c e  of 0.83%, f o r  example, 
i s  des igna ted  v i t r i n o i d  no.8 o r  V8, and one of r e f l e c t a n c e  1.37% i s  V 1 3 .  (Note t h a t  
t h e  same word v i t r i n o i d  is  used as i n  Ber ry ' s  system, though the s i g n i f i c a n c e  is  d i f -  
f e r e n t ;  n o t e  a l s o  t h a t  t h e  numbering i n  t h e  two systems does not correspond a t  a l l . )  
Other macerals a re  des igna ted  s i m i l a r l y .  Thus the  system includes both maceral type 
and an  i n d i c a t i o n  of  rank.  The r e f l e c t a n c e  of t h e  t e c h n i c a l l y  important medium t o  
low v o l a t i l e  v i t r i n i t e s  is a good index of rank, and v a r i e s  r ap id ly  wi th  carbon 
con ten t .  The r e f l e c t a n c e  of l o w  t o  medium rank v i t r i n i t e s ,  however, is low and 
v a r i e s  on ly  slowly w i t h  carbon con ten t .  The system has p r a c t i c a l  advantages i n  
s p e c i f y i n g  coking b l ends  and p r e d i c t i n g  ca rbon iza t ion  behavior,  but  no fundamental 
s i g n i f i c a n c e  is  claimed for t h e  r e f l e c t a n c e  ranges used t o  de f ine  t h e  maceral  type 
number. 

No c o r r e l a t i o n  has  y e t  been e s t a b l i s h e d  between the two " v i t r i n o i d  concepts". 
According t o  t h e  F r e s n e l  equa t ion ,  t h e  r e f l e c t a n c e  of a substance is  a func t ion  of 
t h e  r e f r a c t i v e  index and t h e  abso rp t ion  index. In t h e  case  of medium t o  low rank 
coa l s ,  t h e  abso rp t ion  index makes a r e l a t i v e l y  small  con t r ibu t ion  t o  t h e  r e f l e c t a n c e  
of v i s i b l e  l i g h t ,  and t h e  l a t t e r  p rope r ty  i s  t h e r e f o r e  determined mainly by the r e -  
f r a c t i v e  index, which i n  t u r n  i s  r e l a t e d  t o  the  dens i ty  and e l e c t r o n  p o l a r i z a b i l i t y  
of t h e  substance.  (With h igh  r ank  c o a l s  abso rp t ion  becomes more important . )  Hence 
r e f l e c t a n c e  and abso rp t ion  measurements o f t e n  r e l a t e  t o  d i f f e r e n t  fundamental prop- 
e r t i e s .  However, i f  t h e  v i t r i n o i d s  d i s t i n g u i s h e d  by co lo r  by Spackman and Berry 
have fundamental  s i g n i f i c a n c e  one might expect t h e  r e f l e c t a n c e  va lues  of  a l a r g e  
number of p o i n t s  on t h e  po l i shed  s u r f a c e  of a s i n g l e  block of v i t r i n i t e  t o  f a l l  i n t o  
a b i -  or  t r i -modal  d i s t r i b u t i o n  curve.  In f a c t  a range of r e f l e c t a n c e  va lues  a r e  
found f o r  a s e r i e s  of p o i n t s  on a v i t r i n i t e  su r face ,  but they a r e  d i s t r i b u t e d  f a i r l y  
evenly ove r  t he  range, no s i g n  of two o r  more peaks being observed as a r u l e .  Re- 
f l e c t a n c e  measurements, i n  t h a t  a range of va lues  is  found f o r  one sample, do t h e r e -  
f o r e  support  t o  some e x t e n t  t h e  i d e a  t h a t  v i t r i n i t e s  a r e  s t i l l  heterogeneous,  but  not 
t h a t  they are heterogeneous i n  the sense suggested by Spackman and Berry. Some 
his tograms i l l u s t r a t i n g  t h e  sp read  of r e f l e c t a n c e  va lues  found i n  v i t r i n i t e s  a r e  
shown i n  F i g .  1. 

There i s  one major d i f f i c u l t y  common t o  a l l  systems of  d e t a i l e d  c l a s s i f i c a t i o n ;  
t h i s  ar ises  from the  f a c t  t h a t  there appears  t o  be a completely cont inuous g rada t ion  
in both c o l o r  i n  t h i n  s e c t i o n  and i n  r e f l e c t a n c e  from high-rank v i t r i n i t e s  through 
s e m i - f u s i n i t e s  t o  f u s i n i t e s .  Thus Berry and Spackman f r equen t ly  observed regions of  
very dark-colored m a t e r i a l  i n  predominantly l i g h t - c o l o r e d  (low-rank) v i t r i n i t e ;  one 
can e i t h e r  suppose t h i s  m a t e r i a l  t o  r e s u l t  i n  t h e  p e a t  swamp from the same kind of  
biochemical  process  t h a t  l e d  to  t h e  formation of  v i t r i n i t e s  but more severe,  or  t h a t  
i t  is a product  of t he  same p rocess  t h a t  produced f u s i n i t e ,  again a t  t he  pea t  s t a g e .  
A t  any r a t e  t he  d i f f e r e n t i a t i o n  of  t h i s  m a t e r i a l  from the r e s t  must have occurred at 
an e a r l y  s t a g e  of c o a l i f i c a t i o n  and not  during g e o l o g i c a l  metamorphism. S i m i l a r  
o b s e r v a t i o n s  t o  the above a r e  made i n  r e f l e c t a n c e  s t u d i e s  at a l l  l e v e l s  of rank.  
Ca rbon iza t ion  d a t a  a r e  of no h e l p  i n  making d i s t i n c t i o n s ,  s ince  v i t r i n i t i c  ma te r i a l s  
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of ve ry  dark c o l o r  or of r e f l e c t a n c e  i n  o i l  above about 2.5% are inert ,  i n  the  sense  
t h a t  they do no t  s w e l l  o r  fu se  on hea t ing ;  i n  t h i s  r e s p e c t  they have t h e  same behavior  
a s  s e m i - f u s i n i t e s  and f u s i n i t e s .  Matters a r e  made more d i f f i c u l t  by the  f a c t  t h a t  
t h e  n a t u r e  of the f u s i n i z a t i o n  process is not  known. 

I t  i s  c l e a r  t h e r e f o r e  t h a t  i n  any at tempt  t o  i d e n t i f y  and group c o r r e c t l y  pure 
components i n  coa l s  t h e r e  i s  a t  p re sen t  an ambiguity about some sma l l  p a r t  of t h e  
whole sample; i t  could be e i t h e r  chemically ak in  t o  t h e  r e s t  of t h e  v i t r i n i t e  family 
but  highly a l t e r e d ,  o r  i t  could be the  remains of woody t i s s u e  t h a t  has undergone 
some f u s i n i z a t i o n ,  whatever t h a t  may be, and belong chemically w i t h  t h e  f u s i n i t e  
group. I n  any case the  d i s t i n c t i o n  becomes both harder  t o  make and less important i n  
high rank coa l s .  

Summary and Conclusions 

V i t r a i n s  may con ta in  about 60-95% v i t r i n i t e ,  t h e  balance usua l ly  being made up 
The r e l a t i v e  p ropor t ions  o f  most ly  of f u s i n i t e ,  spore e x i n i t e  and r e s i n  inc lus ions .  

t he  minor c o n s t i t u e n t s  vary from coal  t o  coal .  It is  a l r eady  e s t a b l i s h e d  t h a t  such 
chemical p r o p e r t i e s  a s  t h e  proport ion of  phenol ic  hydroxyl and the  d i s t r i b u t i o n  of 
hydrogen i n  d i f f e r e n t  forms of  combination d i f f e r  widely between t h e  va r ious  maceral  
groups.6 I n  some cases ,  where t h e  p u r i t y  i s  high o r  t h e  e f f e c t s  of  i m p u r i t i e s  tend 
t o  cance l  one another out ,  an average property of a v i t r a i n  may d i f f e r  l i t t l e  from 
t h a t  of t h e  pure v i t r i n i t e .  I n  o t h e r  cases t h e r e  w i l l  be s i g n i f i c a n t  d i f f e r e n c e s ;  f o r  
example, Wyss and Given7 found t h e  hydroxyl content  of  a series of  v i t r a i n s  from 
B r i t i s h  c o a l s  t o  run  c o n s i s t e n t l y  lower 10-2o"L of t h e  t o t a l  content)  than t h e  va lues  
f o r  a s imilar  s e r i e s  of pure v i t r i n i t e s . &  Moreover t h e  t r e n d  of v a l u e s  w i t h  rank w a s  
d i f f e r e n t ,  and only the  pure v i t r i n i t e  se t  of r e s u l t s  w a s  i n  reasonable  agreement 
w i t h  t h e  va lues  found by Blom s.8 f o r  a series of v i t r i n i t e s  from c o n t i n e n t a l  
European seams. 

It i s  t h e r e f o r e  submit ted t h a t  i n  any s c i e n t i f i c  i n v e s t i g a t i o n  t h e  p u r e s t  and 
most homogeneous m a t e r i a l s  a v a i l a b l e  should always be used. A t  p r e s e n t  these m a t e r i a l s  
w i l l  be v i t r i n i t e s  o r  members of one of t he  o t h e r  t h r e e  main maceral  groups.  It  is 
not  d i f f i c u l t  t o  ob ta in  v i t r i n i t e s  a t  least  i n  good pur i ty ,  and t h e  p u r i f i c a t i o n  has  
t h e  f u r t h e r  advantage of e l imina t ing  m o s t  of t h e  mineral m a t t e r ,  which g r e a t l y  compli- 
c a t e s  chemical a n a l y s i s  i f  p r e s e n t  i n  l a r g e  amounts. I f  pure macerals,  i n  t he  sense  
j u s t  def ined,  cannot be used, t hen  a t  least  a pe t rog raph ic  a n a l y s i s  should be r e p o r t -  
ed. 

It i s  no t  y e t  c e r t a i n  whether or  how f a r  t h e  f u r t h e r  sub -d iv i s ion  of  maceral 
groups i s  j u s t i f i e d  on chemical and phys ica l  grounds, and i n t e n s i f i e d  r e s e a r c h  t o  
s e t t l e  t h i s  i s  demonstrably worthwhile and highly d e s i r a b l e .  I n  t h e  meantime, i t  
i s  suggested,  chemists and p h y s i c i s t s  should be aware of c u r r e n t  t h i n k i n g  on the  
s u b j e c t .  

I n  conclusion, t he  author  would l i k e ,  w i t h  r e spec t ,  t o  suggest  t o  c o a l  p e t r o l -  
o g i s t s  two urgent  needs i n  t h e  immediate fu tu re :  

1. g r e a t e r  a t t e n t i o n  t o  t h e  phys ica l  s e p a r a t i o n  of pu re  components f o r  f u r t h e r  
s tudy .  

2 .  r e sea rch  on t h e  n a t u r e  of  f u s i n i z a t i o n  and on t h e  v i t r i n i t e - s e m i - f u s i n i t e  
g rada t ion ;  i n  t h i s ,  f u l l  cooperat ion between a l l  d i s c i p l i n e s  w i l l  be 
needed. 
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