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Systematic study o f  elemental abundances in  coal macerals and minerals i s  
v i t a l  t o  understanding the genetic h i s to ry  and geological s ign i f icance  of particu- 
l a r  coal beds, i n  cor re la t ing  coal beds f o r  coal mine planning, i n  assessing the 
environmental impact o f  u t i l i z a t i o n  of coal from a pa r t i cu la r  source, and i n  eval- 
uating the po ten t i a l  for recovery o f  waste by-products and f o r  ca t a ly t i c  action i n  
coal conversion. In - s i tu  determinations of elemental concentrations i n  macerals 
and in clays,  su l f ides  and o ther  mineral cons t i tuents  may he lp  t o  es tab l i sh  the 
primary vs. secondary emplacement o f  pa r t i cu la r  elements, i .e. elements which were 
fixed when the  coa l  precursors were deposited vs. mobile elements which may have 
been introduced and/or red is t r ibu ted  by ground water c i rcu la t ion  and other dia- 
genetic processes. 
between macerals and minerals i s  e s sen t i a l  i n  evaluating the  poss ib i l i t y  of removal 
of contaminants by grinding and washing, because elements i n  macerals cannot be 
effectively removed by these procedures. 

Application o f  e lec t ron  microprobe analysis t o  coal-related studies i s  still  
in  the developmental s tage  (1). We repor t  here  preliminary r e su l t s  of intensive 
study of one columnar coal sample t o  ind ica te  the  na ture  of the  data on elemental 
d i s t r ibu t ion  t h a t  a r e  readi ly  obtainable through use o f  the electron microprobe. 
In order to  preserve the  s t ra t igraphic  re la t ionships  of the d i f f e ren t  coal facies,  
polished blocks (Figure 1) and polished th in  sec t ions  were prepared t o  represent 
the t o t a l  thickness of  the coa l  bed. These blocks and th in  sections were f i r s t  
studied petrographically with the  op t i ca l  microscope, and areas  representative of 
the pr inc ipa l  l i t ho log ic  un i t s  (Figure 2) were designated f o r  analysis by t h e  
electron microprobe. 
Upper Freeport coal used f o r  t h i s  study was co l lec ted  in the  Helen Mine, Indiana 
County, Pa. Petrographic ana lys i s  (E. C. T. Chao et  a l . ,  unpublished data) indi- 
cates t h a t  t h e  coal bed is  composed o f  two cycles of organic-matter deposit ion and 
f ive  major l i t ho log ic  coal types (Figure 3).  The division between the  two cycles 
of deposit ion i s  t h e  base o f  one major l i t ho log ic  uni t ,  a carbonaceous sha le  part- 
ing with bands of v i t r i t e  between depths 85 and 92.5 cm. This carbonaceous shale, 
characterized by water-transported depos i t iona l  fea tures ,  may be a key s t ra t igraphic  
marker. 
one from the  top o f  t he  coal t o  30 cm depth, another from 30 t o  50 cm, and a th i rd  
from 50 t o  85  cm. The f i f t h  i s  the column in t e rva l  from 92.5 t o  118 cm. 

of 23 elements i n  the  macerals and f o r  analyses of d i sc re t e  mineral grains present 
a t  representative depths of t he  column. The instrument a t  t h e  Reston laboratories 
of the U. S. Geological Survey i s  rout ine ly  capable of wavelength dispersive anal- 
ys i s  of a l l  elements s t ab le  i n  vacuum and o f  atomic number 9 (fluorine) and greater. 
L i m i t  of de t ec t ab i l i t y  f o r  most elements is about 100 ppm, and the  minimum targe t  
area which can be analyzed is  approximately 3 x 3um. 
electron beam i n t o  the t a r g e t  i s  from 1 t o  5pm. 

macerals of t he  f i v e  major l i t ho log ic  coal types of t he  column. 
where these elements were detected by probe analysis,  d i sc re t e  minerals were not 
observed op t i ca l ly  down t o  t h e  l i m i t  of  reso lu t ion  (about 0.5um). 
(21, i n  a transmission e lec t ron  microscope study o f  I l l i n o i s  No. 6 coal, reported 
a profusion of mineral p a r t i c l e s  i n  v i t r i n i t e  i n  the  size range from 3 M  t o  
approxim.tely 0.2um. 
electron microprobe maceral analyses a r e  associated with submicron-sized mineral 

Furthermore, determination of t he  d i s t r ibu t ion  of elements 

A 118-cm thick columnar sample of medium vo la t i l e  bituminous 

Above the  sha le  par t ing  three  major l i t ho log ic  coal types a r e  discernible:  

The electron microprobe has been used f o r  i n - s i tu  determinations of abundances 

Pecetration depth of the  

Table 1 summarizes the  range o f  abundance of  t he  2 3  elements analyzed i n  
A t  t he  s i t e s  

Strehlow et  a l .  

Thus it is  probable t h a t  some of the  elements detected in  our 
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matter. In par t icu lar ,  s i l i con  and aluminum, which vary i n  abundance i n  a p a r a l l e l  
manner a r e  probably associated with extremely f i n e l y  dispersed clay minerals. 

TWO elements, su l fu r  and chlorine, c l ea r ly  seem organically associated i n  t h e  
macerals of t h i s  coal. 
a given maceral, implying an association on the molecular level.  
comparable amount of i ron  is  not present,  as would be t r u e  i f  t h i s  were submicron- 
sized py r i t e  o r  marcasite. 
microprobe analysis (Table 1) tend t o  be grea te r  i n  the  lower deposit ional un i t  
and a re  i n  good agreement with analyses of t h i s  coa l  by conventional methods (3,4). 
The amount of su l fur  i n  i n e r t i n i t e  tends t o  be about ha l f  t h a t  i n  v i t r i n i t e ,  while 
the su l fur  content of t he  ex in i tes  analyzed ( t h i s  coa l  contains very l i t t l e  ex in i t e  
(Figure 3)),  more closely approaches the  leve l  i n  v i t r i n i t e .  Harris e t  a l .  i n  a 
s u i t e  of coals they studied (5) found t h a t  ex in i t e s  always have more s u l f u r  than do 
v i t r i n i t e s  bu t  determinations by Raymond and Gooley (1) eenerally agree with our 
resu l t s .  
d i s t r ibu ted  i n  a given maceral. In addition, comparable leve ls  of cations such as 
sodium o r  potassium were not detected (Table l ) ,  as would be expected i f  the  chlo- 

tha t  i n  coals from the  I l l i n o i s  Basin weakly bound chlorine i n  organic combination 
was a l ike ly  mode of occurrence. 
sample tend t o  be higher f o r  the upper cycle of deposit ion (Table 1) .  X-ray fluo- 
rescence da ta  on ash f r o m t h i s  coal show a similar trend (3). This trend perhaps 
implies grea te r  s a l i n i t y  of the swamp water during the  period of growth and depo- 
s i t i o n  of t he  coal precursors of the  upper deposit ional cycle, compared'with the  
lower. 

f u l l  118-cm depth f o  the column (Table 2). Ident i f ica t ion  o f  the  clay minerals i s  
based on t h e i r  chemical compositions. 
designated as illites, those with A1203>30 w t .  %, Si02,40 w t .  % and K2051.5 w t .  % a re  
labeled kaol in i tes ,  and "mixed layer" clays a re  those with K20 between 1.6 and 2.5 
w t .  %. In t h e  upper un i t  o f  deposition, i l l i t e s  a r e  d i s t i n c t l y  dominant and kaolin- 
ites occur mostly i n  shale. "Mixed layer" clays a r e  found only below 92.5 cm depth. 
Clays i n  the  shales a re  generally lower i n  s i l i con  and higher i n  i ron  than those i n  
the r e s t  of t he  coal column. 
aluminum than the other two clay types. 

sent i n  py r i t e  only from depth 5 t o  20 cm i n  t h i s  coa l  column. 
occurrence i s  discussed by Finkelman e t  a l .  (7) .  

3), even small amounts o f  non-volatile elements i n  the  v i t r i n i t e  (Table 1) w i l l  con- 
t r i bu te  s ign i f icant ly  t o  the  coal ash. 
v i t r i n i t e  generally i s  l e s s  than 30um i n  grain s i ze ;  thus, the  elements shown i n  
the  analyses of Table 2 w i l l  a l so  probably remain i n  the  coa l  even a f t e r  f i n e  
grinding and washing. 

mented variations i n  su l fu r  and chlorine abundance i n  macerals, c lay  compositions, 
and presence of arsenic i n  p y r i t e  which c l ea r ly  ind ica te  differences i n  the  deposi- 
t i ona l  and subsequent environmental cha rac t e r i s t i c s  of t he  upper and lower deposi- 
t iona l  un i t s  o f t h i s  coal. 
study, more complete evaluation of the  abundance o f  pa r t i cu la r  elements i n  a given 
coal bed w i l l  be possible through cor re la t ion  of modal analyses of maceral-mineral 
composition (E. C. T. Chao e t  al.,  unpublished da ta)  with in - s i tu  chemical da ta  f o r  
macerals and minerals obtained by e lec t ron  microprobe and proton-induced X-ray 
emission (the l a t t e r  f o r  elements a t  concentrations l e s s  than 100 ppm) techniques. 
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Table 1 .  Electron I:icroprobe Deteiminations of Minor and Trace Element 
Concenrrations (Kt. i n  ?!?cer;.ls of  tlie Five  t.!njor Lltholoeic 
Coal Types, Upper Freeport Column Sample H2-42P-1. 
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Figure 3. Generalized columnar profile 
of H2-42P-1. Volume per- 
centages of macerals and 

across the column according 
to the amount of each 
present, and indicated 

Vitrinite 
0 Exinite 

Mineral matter 
[3 Shale and Carbonaceous shale . massive& granular sulfide 

frarnboidal sulfide 
+location of thin fusinlte bands 

- n-lnertinite mineral matter are plotted 

numerically by the label at 
the right side of the 
column for a particular 
depth interval. 
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