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In t roduct ion  

The primary o b j e c t i v e  of  t h i s  i n v e s t i g a t i o n  w a s  t o  determine t h e  geologic  
c o n t r o l s  on v a r i a t i o n s  of minera l  mat te r  i n  t h e  Upper Freepor t  c o a l  bed near  Homer 
C i t y ,  Pa. ( f i g .  1). Mineral matter c o n s i s t s  of  t h e  inorganic  c o n s t i t u e n t s  of c o a l ,  
inc luding  minera l  phases  and elements  o ther  than  o r g a n i c a l l y  bound hydrogen, 
oxygen, n i t r o g e n ,  and s u l f u r  111. By t h i s  d e f i n i t i o n ,  o r g a n i c  s u l f u r  i s  not  p a r t  
of  t h e  minera l  matter; however, v a r i a t i o n s  of a l l  s u l f u r  forms inc luding  organic  
s u l f u r  were cons idered  i n  t h i s  s tudy .  

The c o n c e n t r a t i o n s  of  70 elements  were determined on 75 bench-channel and 2 1  
complete bed-channel samples from two deep mines in t h e  s tudy  a r e a  ( f i g .  2 ) .  
Ultimate ,  proximate,  s u l f u r  forms, maceral ,  and p y r i t e  morphological  ana lyses  were 
a l s o  conducted on these samples. 
microprobe [ 3 ]  analyses  were conducted on s e l e c t e d  channel  and column samples t o  
determine element-mineral  and maceral a s s o c i a t i o n s .  

Resul t s  

Scanning e l e c t r o n  microscope [ 2 ]  and e l e c t r o n  

The Upper Freepor t  c o a l  bed of  t h e  Homer Ci ty  s tudy  a r e a  i s  d i v i s i b l e  i n  the  
f i e l d  i n t o  f i v e  zones ( f i g .  3 ) .  I n  t h e  nor thern  p a r t  of t h e  area where a l l  f i v e  
zones a r e  p r e s e n t ,  t h e  c o a l  bed averages 83 inches  ( 2 1 1  cm) i n  t h i c k n e s s ;  i n  t h e  
southern p a r t  where only t h r e e  zones a r e  p r e s e n t ,  t h e  c o a l  bed averages 48 inches 
( 1 2 2  cm) i n  t h i c k n e s s .  Laboratory ana lyses  show t h a t  each of t h e  f i v e  zones con- 
sists of d i s t i n c t  mineral matter-maceral a s s o c i a t i o n s .  Elements t h a t  tend to  be 
concentrated i n  t h e  upper and/or  b a s a l  zones of  t h e  bed i n c l u d e  A s ,  Cd, C1, Fe, 
Hg, Mn, Pb, S e ,  S ,  and Zn. 

Linear  r e g r e s s i o n  a n a l y s i s  w a s  used t o  determine r e l a t i o n s h i p s  among ele- 
ments ,  s u l f u r  ( t o t a l ,  p y r i t i c ,  and o r g a n i c ) ,  ash ,  and maceral  concent ra t ions  on 
t h e  75 bench-channel samples. On the  b a s i s  of t h i s  s ta t i s t ica l  a n a l y s i s ,  element 
concent ra t ions  i n  the c o a l  can be r e l a t e d  t o  t h r e e  v a r i a b l e s :  a s h ,  p y r i t i c  s u l f u r ,  
and calcium ( r e p o r t e d  as CaO). 
ox ides)  t h a t  p o s i t i v e l y  c o r r e l a t e  wi th  each of t h e  t h r e e  v a r i a b l e s  are shown i n  
f i g u r e  4 .  Only manganese i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  a l l  t h r e e  v a r i a b l e s .  
f u s i n i t e - s e m i f u s i n i t e  maceral concent ra t ions  c o r r e l a t e  w i t h  t h e  a s h  conten t .  

Discussion 

The elements  (some of  which are r e p o r t e d  as 

The 

The mineral-matter  conten t  of the  Upper Freepor t  c o a l  bed of  t h e  Homer Ci ty  
area was c o n t r o l l e d  by i n t e r r e l a t e d  geologic ,  geochemical, and pa leobotanica l  
v a r i a b l e s .  
accumulated contemporaneously wi th  t h e  p e a t .  P o s s i b l e  s o u r c e s  inc lude :  1) mineral  
matter incorpora ted  by p l a n t s ,  o r  2)  d e t r i t a l  minera ls  and d i s s o l v e d  elements incor- 
porated dur ing  t h e  p e a t  s t a g e  of  coa l  formation.  
from mixed sources  such  as depos i t ion  of d e t r i t a l  minera ls ,  s o r p t i o n  of  d i sso lved  
i o n i c  s p e c i e s ,  and minera l  matter o f  p l a n t  o r i g i n  would n o t  l e a d  t o  a s t r o n g l y  
i n t e r r e l a t e d  assemblage.  
t h e  c o a l i f i e d  products  of  p a r t i a l l y  oxid ized  p e a t  and p l a n t  material .  
r e s u l t s  i n  a l o s s  o f  organic  matter and a concent ra t ion  of  r e s i d u a l  mineral  m a t t e r ;  

The elements  t h a t  p o s i t i v e l y  c o r r e l a t e  w i t h  t h e  a s h  ( f i g .  4 )  probably 

Element concent ra t ions  r e s u l t i n g  

F u s i n i t e  and s e m i f u s i n i t e  a r e  g e n e r a l l y  be l ieved  t o  be 
Oxidation 
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t h e r e f o r e ,  as t h e  f u s i n i t e - s e m i f u s i n i t e  conten t  of  t h e  c o a l  i n c r e a s e s ,  t h e  a s h  
and s t a t i s t i c a l l y  r e l a t e d  element conten ts  a l s o  i n c r e a s e .  P l a n t  inorganic  
matter must be t h e  major source  of  t h e  ash- re la ted  elements .  
is c o n s i s t e n t  wi th  1) t h e  moderate a s h  conten t  (8-15%). 2) t h e  p o s i t i v e  c o r r e l a t i o n  
between a s h  and f u s i n i t e - s e m i f u s i n i t e  c o n t e n t ,  and 3) t h e  element-ash c o r r e l a t i o n s  
i l l u s t r a t e d  i n  f i g u r e  4. 

t h e  calcium in t h e  p e a t  by ion exchange and/or  as calcium salts of humic a c i d s  
wi th  subsequent  l i b e r a t i o n  of CO2 and o r g a n i c a l l y  bound calcium dur ing  c o a l i f i -  
c a t i o n  may have r e s u l t e d  i n  t h e  formation of  c a l c i t e  i n  macerals and c l e a t s .  
The b u f f e r i n g  e f f e c t  of  calcium carbonate  s p e c i e s  suppl ied  t o  t h e  a n c e s t r a l  pea t  
p a r t i a l l y  c o n t r o l l e d  t h e  pH. Sulfate-reducing b a c t e r i a l  a c t i v i t y  is g r e a t e s t  a t  
n e u t r a l  pH and minimal or nonexis ten t  a t  pH 4.0 or less [ 4 ] .  Therefore ,  pH va lues  
n e a r  n e u t r a l  favor  l ) . b a c t e r i a l  genera t ion  of s u l f i d e  s p e c i e s  i f  s u l f a t e  i o n s  are 
p r e s e n t ,  2) b a c t e r i a l  degrada t ion  of p e a t  t h a t  could r e s u l t  i n  t h e  concent ra t ion  
of minera l  m a t t e r ,  and 3) r e t e n t i o n  of minera l  m a t t e r  because of decreas ing  solu-  
b i l i t i e s  a s  pH i n c r e a s e s .  

Low pH (<4.0)  would favor  a low-ash ( < 8 % ) ,  low-sulfur  (<1%) c o a l .  P a r t i a l  
n e u t r a l i z a t i o n  of waters o f  the  a n c e s t r a l  p e a t  of t h e  Upper Freepor t  c o a l  is 
i n d i r e c t l y  i n d i c a t e d  by t h e  presence of  1) c a l c i t e  i n  c o a l  macerals and cleats 
and 2) mixed carbonate  and c l a s t i c  sediments  d i r e c t l y  under t h e  c o a l  bed. The 
Upper Freepor t  c o a l  s t u d i e d  i s  a medium a s h  (8-15%), medium s u l f u r  (1-3x) coal  
t h a t  is  c o n s i s t e n t  wi th  p a r t i a l  n e u t r a l i z a t i o n  of p e a t  waters .  

The p y r i t e  i n  t h e  Upper Freeport  c o a l  i s  u s u a l l y  concent ra ted  i n  t h e  upper 
and/or  b a s a l  zones of t h e  bed throughout t h e  a r e a .  G e n e t i c a l l y ,  p y r i t e  and t h e  
a s s o c i a t e d  t r a c e  elements  A s  and Hg appear  u n r e l a t e d  t o  t h e  bulk of  t h e  c o a l  ash.  
Although pH condi t ions  were s u i t a b l e  f o r  p y r i t e  d e p o s i t i o n ,  p y r i t e  concent ra t ions  
w e r e  c o n t r o l l e d  by t h e  a v a i l a b i l i t y  of f e r r o u s  i r o n  and a p p r o p r i a t e  s u l f u r  s p e c i e s .  

Summary 

This  i n t e r p r e t a t i o n  

The calcium i n  t h e  c o a l  bed i s  p r i m a r i l y  i n  a u t h i g e n i c  c a l c i t e .  F i x a t i o n  of 

The elements  i n  t h e  Upper Freepor t  c o a l  bed of t h e  a r e a  can be  g e n e t i c a l l y  
r e l a t e d  to t h r e e  v a r i a b l e s  ( i . e . ,  ash c o n t e n t ,  p y r i t i c  s u l f u r  c o n t e n t ,  and 
calcium c o n t e n t ) .  The b u f f e r i n g  e f f e c t  of d i sso lved  calcium carbonate  s p e c i e s  
may have been s u f f i c i e n t  t o  maintain a pH o f  4 o r  g r e a t e r .  
d i t i o n s ,  su l fa te - reducing  b a c t e r i a  genera ted  s u l f i d e  s p e c i e s ,  which r e a c t e d  to  
form minera ls  such a s  p y r i t e ,  s p h a l e r i t e ,  c h a l c o p y r i t e ,  and ga lena .  During 
c o a l i f i c a t i o n ,  t h e  calcium salts  of humic a c i d s  decomposed t o  form c a l c i t e  and 
carbon compounds t h a t  may account f o r  t h e  c a l c i t e  i n  coa l  macerals  and c l e a t s .  
The pH condi t ions  t h a t  e x i s t e d  dur ing  p e a t  formation were conducive t o  t h e  re ten-  
t i o n  of minera l  m a t t e r ,  t h e  bulk  of which w a s  of p l a n t  o r i g i n .  
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O H I O  

ALLEGHENY - CONE MAUGH 

CONTACT 

Figure 1. - Index map. of Homer Ci ty .  P a . ,  study area and 

Allegheny Group-Conemaugh Group contac t .  
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Figure 4. Mineral matter consti tuents  and macerals of the  Upper Freeport c o a l  
that  s t a t i s t i c a l l y  p o s i t i v e l y  corre late  v i t h  ash, p y r i t i c  sulfur, 
and calcium. 
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