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INTRODUCTION 

T h i s  i s  a q u a r t e r l y  p r o g r e s s  r e p o r t  f o r  t h e  three-month  p e r i o d  
e n d i n g  December 31 ,  1937 .  I t  summarizes accompl i shmen t s  on  t h e  e i g h t  p r o j e c t s  
t h a t  a r e  i n c l u d e d  i n  o u r  c o n t r a c t  f o r  s t u d y  o f  t h e  N e w  Albany Group i n  
I l l i n o i s ,  i n  f o r m a t  c o n s i s t e n t  w i t h  t h a t  f o l l o w e d  s i n c e  t h e  i n i t i a t i o n  o f  t h e  
c o n t r a c t  i n  1976.  

We have  r e c e i v e d  n o t i c e  o f  new g u i d e l i n e s  and  a new f o r m a t  f o r  
r e p o r t s  on  t h e  E a s t e r n  Gas S h a l e s  Program (EGSP), b a s e d  o n  work p a c k a g e s  and 
t a s k s .  The work packages  d o  n o t  con fo rm t o  o u r  e i g h t  p r o j e c t s ,  b u t  we w i l l  
r e v i s e  o u r  r e p o r t i n g  f o r m a t  s t a r t i n q  n e x t  month. 

GEOLOGIC STUDIES 

S t r a t i g r a p h y  and  S t r u c t u r e  o f  New Albany i n  I l l i n o i s  ( I  G) 
--- - ----- --- 

I n t r o d u c t i o n  

T h i s  p r o j e c t  i s  a d e t a i l e d  a n a l y s i s  o f  t h e  l i t h o l o g y . ,  s t r a t i g r a p h y ,  
and  s t r u c t u r e  o f  t h e  New Albany Group i n  I l l i n o i s  t o  d e t e r m i n e  t h o s e  c h a r a c t e r -  
i s t i cs  o f  l i t h o l o g y ,  t h i c k n e s s ,  r e g i o n a l  d i s t r i b u t i o n ,  v e r t i c a l  and  l a t e r a l  
v a r i a b i l i t y ,  and  d e f o r m a t i o n  t h a t  a r e  most  r e l e v a n t  t o  t h e  o c c u r r e n c e  o f  
h y d r o c a r b o n s .  

T h i s  s t u d y  w i l l  r e s u l t  i n  t h e  p r e p a r a t i o n  o f  c r o s s  s e c t i o n s ,  f a c i e s  
maps, and g e o l o g i c  s t r u c t u r e  maps b a s e d  on  s u b s u r f a c e  d a t a  a v a i l a b l e  i n  t h e  
I l l i n o i s  Survey f i l e s .  P r e v i o u s  work i n  I l l i n o i s  w i l l  b e  r e - e v a l u a t e d  and up- 
d a t e d .  New d a t a  on  t h e  p h y s i c a l ,  c h e m i c a l ,  and  m i n e r a l o g i c  c h a r a c t e r i s t i c s  o f  ' 

t h e  New Albany w i l l  b e  d e r i v e d  f rom t h e  s t u d i e s  o f  new c o r e s  i n  I l l i n o i s  and w i l l  
b e  i n c o r p o r a t e d  i n t o  t h e  s t r a t i g r a p h i c  and  s t r u c t u r a l  i n v e s t i g a t i o n s  o f  e x i s t i n c l  
d a t a .  

R e s u l t s  

2 
Forma t ion  t h i c k n e s s  d a t a  and d e p t h s  o f  key  g e o p h y s i c a l  h o r i z o n s  havz 

been  g a t h e r e d  f o r  a p p r o x i m a t e l y  60 p e r c e n t  o f  t h e  a r e a  o f  I l l i n o i s  u n d e r l a i n  bp 
t h e  New Albany S h a l e  ( m i l e s t o n e  1 ) .  T h i s  a r e a  i n c l u d e s  most  of s o u t h e r n  a n d  
e a s t e r n  I l l i n o i s ,  where t h e  g r e a t e s t  d e n s i t y  o f  d a t a  p o i n t s  i s  a v a i l a b l c .  I n  
a r e a s  w i t h  s p e c i a l  s t r a t i g r a p h i c  p rob lems  o r  r a p i d  l i t h o l o g i c  change ,  s e v e r a l  
w e l l s  p e r  t o w n s h i p  have  been  examined where a v a i l a b l e .  

I n  c o n j u n c t i o n  w i t h  g a t h e r i n g  t h i c k n e s s  d a t a ,  e x i s t i n g  c r o s s  s e c t i o n s  
are b e i n g  r e v i s e d ,  and s h o r t  supp lemen ta ry  c r o s s  s e c t i o n s  a r e  b e i n g  p r e p a r e d  t o  
a i d  c o r r e l a t i o n  i n  p rob lem a r e a s .  P r e l i m i n a r y  i s o p a c h  maps a r e  b e i n g  p r e p a r e d  
as d a t a  a r e  g a t h e r e d .  A computer  d a t a  f o r m a t  s h e e t  h a s  been  p r e p a r e d ,  and work 
h a s  begun on  e n c o d i n g  t h e  i s o p a c h  d a t a  f o r  t h e  computer  f i l e s .  

The computer  d a t a  f i l e  on h o l e s  p e n e t r a t i n g  t h e  ~ e v o n i a n  s h a l e s  i n  
t h e  n o r t h e a s t e r n  q u a d r a n t  o f  I L l i n o i s  h a s  been complc t ed  . ( m i l e s t o n e  2 ) .  



P r o b l e m  krga?. - - -  

Most r e c e n t  s t r a t i g r a p h i c  work h a s  b e e n  done i n  t h e  s o u t h w e s t e r n  
a n d  n o r t h e a s t e r n  a r e a s  o f  t h e  N e w  Albany i n  I l l i n o i s .  The n o r t h e a s t e r n  a r e a  
( e x t e n d i n g  f r o m  C l a r k  and  Cumberland C o u n t i e s  n o r t h w a r d  t h r o u g h  V e r m i l i o n  and  
Champaign C o u n t i e s )  p r e s e n t s  some prob lems  o f  s p e c i a l  i n t e r e s t .  A supplemen-  
t a r y  n o r t h - s o u t h  c r o s s  s e c t i o n  n e a r  t h e  I n d i a n a  s t a t e  l i n e  h a s  b e e n  h e l p f u l  i n  
c o r r e l a t i n g  u n i t s  i n  t h i s  a r e a .  

G e o p h y s i c a l  c h a r a c t e r i s t i c s  s u g g e s t  t h a t  t h e  B l o c h e r  S h a l e  l i t h o l o g y  
i s  more e x t e n s i v e  i n  t h e  n o r t h e a s t e r n  a r e a  t h a n  was shown by  N o r t h  ( 1 9 6 9 ) * *  
b u t  p e r h a p s  less e x t e n s i v e  t h a n  shown by C o l l i n s o n  and o t h e r s  ( 1 9 6 7 ) . *  
C o r r e l a t i o n  o f  g e o p h y s i c a l  l o g s  and  sample  s t u d i e s  i n d i c a t e s  t h a t  t h e  B l o c h e r  
S h a l e  l i t h o l o g y  i n t e r t o n g u e s  and  g r a d e s  l a t e r a l l y  i n t o  t h e  L i n g l e  L imes tone .  

The p r o p o r t i o n  o f  b l a c k  s h a l e  t o  g r e e n i s h - g r a y  a n d  g r a y  s h a l e  
U ~ C L ~ L L Y L ' L ,  ~ t t a ~ k = J . l y  no r thward .  I n  much rrf t h e  nnr t .he rn  part; o f  t h e  a r e a ,  t h e  
Grassy  Creek and  SweeLldnd Creek S h a l c s  c a n n o t  b e  r e l i a h l y  d i s t i n g u i s h e d  f rom 
e a c h  o t h e r ,  e i t h e r  g e o p h y s i c a l l y  o r  w i t h  sample  s t u d i e s .  The t h i c k n e s s  o f  t h e  
H a n n i b a l - S a v e r t o n  S h a l e s  increases ~ ~ b s t a l l L i d l l y  n o r t h w a r d .  

The New Albany Group a s  a  whole  t h i n s  c o n s i d e r a b l y  o v e r  a n  a r e a  
c l o s e l y  c o r r e s p o n d i n g  t o  t h e  L a S a l l e  ~ n t i c l i n a l  B e l t .  I n  most  o f  t h e  a r e a  i n  
q u e s t i o n ,  t h e  s t r a t i q r a p h i c  . s e c  Lion a p p e a r s  c o m p l e t e  wit11 nu e v i d e n c e  of c r o -  
s i o n a l  t h i n n i n g .  A l s o ,  t h e  t h i n  i n t e r v a l s  a r e  p r e d o m i n a n t l y  g r a y  o r  g r e e n i s h -  
g r a y  s h a l e .  These  l i n e s  o f  e v i d e n c e  s u g g e s t  t h a t  pa r t s  o f  t h e  L a S n l l c  A n t i -  
c l i n a l  B e l t  were  p o s i t i v e  a r e a s  a s  e a r l y  a s . l a t e  Devonian t i m e .  

The Chouteau  Limes tone  i s  a b s e n t  i n  p a r t s  o f  t h i s  a r e a .  The Chouteau  
g e n e r a l l y  t h i n s  t o w a r d  t h e  a r e a s  o f  i ts  a b s c n c c ,  and i n  t h e  a r e a s  where  it i s  
a b s e n t ,  l o g s  i n d i c a t e  c a l c a r e o u s  s h a l e s  t h a t  a r e  a t  l e a s t  i n  p a r t  e q u i v a l e n t  to  
t h e  Chouteau .  T h e s e  l i n e s  o f  e v i d e n c e  s u g g e s t  t h a t  the Chouteau  i s  s t r a t i -  
g r a p h i c a l l y  p i n c h e d  o u t  a n d  t h a t  t h e  Borden S i l t s t o n e  s u c c e e d s  Llle New Albany 
Group i n  t h e s e  a r e a s  w i t h  l i t t l e  o r  no i n t e r r u p t i o n  i n  s e d i l ~ ~ e n t a t i o n .  

A d d i t i o n a l  s u p p l e m e n t a r y  c r o s s  s e c t i o n s  w i l l  b e  c o n s t r u c t e d  a s  
n e c e s s a r y  t o  s o l v e  t h e s e  s t r a t i g r a p h i c  p roh lems  so t h a t  L11e d a t a  we o b t a i n  on 
t h i c k n e s s  o f  t h e  New Albany a n d ' i t s  s u b u n i t s  w i l l  b e  a s  a c c u r a t e  anU c o n s i s L e l l t  
a s  p o s s i b l e .  

D u r i n g  t h e  r ~ e x t  q u a r t c r  (dariuanry 1-Marct~ 31, 197B) ,  wc j.ntcnd t o  
c o m p l e t e  t h e  g a t h e r i n g  o f  i s o p a c h  d a t a  f o r ' t h e  New Albany i n  I l l i n o i s .  When 
t h a t  t a s k  i s  cornpletcd,  we w i l l  b e  a b l e  t o  f i n a l i z e  c r o s s - s e c t i o n  c o r r e l a t i o n s  
and have t h s t  isnparh i n f o r m a t i o n  place'd i n  compute r  s t o r a g e .  . A t  t h a t  p o i n t ,  we 
w i l l  b e  r e a d y  f o r  t h e  n e x t  p h a s e :  t h e  c o n s t r u c t i o n  o f  t h e  v a r i o u s  i s o p a c h  maps. 

A l s o  d u r i n g  t h e  upcoming q u a r t e r ,  we w i l l  p r o d u c e  a compute r  map show- 
i n g  l o c a t i o n s  o f  Devonian h o l e s  i n  t h e  n o r t h e a s t e r n , q u a d r a n t  o f  t h e  I l l i n o i s  
B a s i n  and t a b u l a t e  t h e  d r i l l  h o l e s  t h r o u g h  t h e  Devonian b l a c k  s h a l e s  i n  t h e  
n o r t h w e s t e r n  q u a d r a n t  o f  I l l i n o i s .  

* C o l l i n s o n ,  C. W . ,  L. E .  B e c k e r ,  G. W.  J ames ,  J. W. Koening,  a n d  D. H .  Swann, 
1967 ,  I l l i n o i s  B a s i n ,  i n  I n t e r n a t i o n a l  Symposium o n  t h e  Devonian System: 
A l b e r t a  S o c i e t y  o f  p e t r o l e u m  G e o l o g i s t s ,  v .  1, p .  940-962. 

**Nor th ,  W .  G . ,  1 9 6 9 ,  Middle  Devonian s t r a t a  o f  " sou thern  I l l i n o i s  : ~ l l i n o i s  
S t a t e  G e o l o g i c a l  Survey  C i r c a l a r  441,  45 p. 



M i n e r a l o g i c  a n d  P e t r o g r a p h i c  C h a r a c t e r i z a t i o n  
o f  New Albany  i n  I l l i n o i s  (I1 G )  

l n t r o d u c  t i o n  

T h i s  p r o j e c t  i s  d i r e c t e d  a t  c h a r a c t e r i z i n g  i n  d e t a i l  t h e  m i n e r a l o g i c  
a n d  p e t r o g r a p h i c  p r o p e r t i e s  o f  t h e  New A l b a n y  S h a l e  i n  I l l i n o i s .  T h i s  i n c l - u d e s  
t h e  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  c h a r a c t e r i z a t i o n ,  by o p t i c a l  a n d  X-ray t e c h -  
n i q u e s ,  o f  t h e  i n o r g a n i c  m i n e r a l  c o n s t i t u e n t s ,  t h e  d i s p e r s e d  o r g a n i c  m a t t e r ,  
a n d  t h e  f a b r i c  o f  t h e  s h a l e .  The d a t a  g e n e r a t e d  w i l l  p r o v i d e  a f u n d a m e n t a l  . 

b a s i s  for r e g i o n a l  a n d  l o c a l  c o r r e l a t i . o n s  o f  g c o l o g i c  d a t a ,  f o r  i n t e r p r e t a t i o n  
o f  t h e  s e d i m e n t o l o g y ,  d e p o s i t i o n a l  e n v i r o n m e n t ,  a n d  d i a g e n e t i c  h i s t o r y ,  a n d  f o r  
e v a l u a t i o n  o f  h y d r o c a r b o n  p o t e n t i a l s  b a s e d  uri t h e  d e g r e e  o f  t h e r m a l  m a t u r a t i o n  
o f  o r g a n i c  matter i n  t h e  New Albany  s h a l e .  

R e s u l t s  

C o r e  L o g g i n g  a n d  S a m p l i n q .  - - - - - - - - - - - - -  

D e t a i l e d  l o g g i n g  a n d  l i t h o l o g i c  s a m p l i n g  o f  t h e  0 5 I L  ( E d g a r  C o u n t y ,  
I l l i n o i s )  a n d  0 6 I L  ( T a z e w e l l  C o u n t y ,  I l l i n o i s )  c o r e s  w e r e  c o m p l e t e d  i n  November. 

The O5IL c o r e  i s  a n  u n o r i e n t e d  p a r t i a l  c o r e  ( 8 . 3  f e e t  l o n g )  c o n s i s t i n g  
o f  i n t e r b e d d e d  g r e e n i s h - g r a y  a n d  b l a c k  s h a l c s .  T h r c e  s a m p l e s  w e r e  s e l e c t e d  f o r  
l i t h o l o g i c  a n d  c h e m i c a l  a n a l y s i s .  

N i n e  l i t h o l o g i c  s a m p l e s  were s e l e c t e d  f r o m  t.hc 061L core, i n  a d d i t i o n  
t o  t h e  2 3  " c a n n e d "  s a m p l e s  removed a t  t h e  d r i l l  s i t e .  

Sample  - -  P r e p a r a t i o n .  - - A  

The c a n n e d  s a n l p l e s  t a k e n  f o r  q a s  r e l e a s e  a n d  c h e m i c a l  a n a l y s i s  f r o m  
t h e  041L ( H e n d e r s o n  C o u n t y ,  I l l i n o i s )  a n d  O6IL c o r e s  w e r e  removed  f r o m  t h e i r  
c a n s  l a t e  i n  November.  O r i e n t a t i o n  o f  t h e  c o r e  s e g m e n t s  a n d  t h e  i n i t i a l  s t a g e s  
o f  s a m p l e  p r e p a r a t i o n  f o r  c h e m i c a l  a n d  l i t h o l o c ~ i c  s t u d i e s  h a v e  b e e n  c o m p l e t e d .  
A t o t a l  o f  68 c h e m i c a l  (or c a n n e d )  a n d  l i t h o l o g i c  s a m p l e s  w e r e  removed f r o m  t h e  
two cores. X-ray d i f f r a c t i o n  s a m p l e s  h a v e  b e e n  p r e p a r e d  f o r  t h e  061L core a n d  
are now b e i n q  r u n .  T h i r t e e n  t h i n  s e c t i o n s . w e r e  p r e p a r e d  f r o m  t h e  0 2 I L  ( E f f i n g h a m  
C o u n t y ,  I l l i n o i s )  core d u r i n g  O c t o b e r ,  a n d  t h e i r  s t u d y  i s  a b o u t  h a l f  c o m p l e t e d .  
V i t r i n i t e  r e f l e c t a n c e  p e l l e t s  f o r  t h e  0 2 1 ~ , c o r e  w e r e  p r e p a r e d  a n d  p o l i s h e d  d u r -  
i n g  December a n d  a r e  now b e i n g  r u n .  

N i n e t e e n  t h i n  s e c t i o n s  w e r e  p r e p a r e d  f r o m  o u t c r o p  s a m p l e s  c o l l e c t c d  
d u r i n g  November.  Most o f  t h e s e  s a m p l e s  a r e  f r o m  t h i n  s a n d s t o n e s  a n d  c a r b o n a t e s  
f o u n d  w i t h i n  t h e  New A l b a n y  Group.  T h e s e  s a m p l e s  a n d  t h i n  s e c t i o n s  a r e  now 
b e i n g  s t u d i e d .  

R a d i o g r a p h y  a n d  S l a b  D e s c r i p t i o n .  - - - - - - - - - - - - - - - -  

Examination o f  X-ray r a d i o g r a p h s  a n d  a c c o m p a n y i n q  s l a b s  from t h e  021L 
( E f f i ~ s c j l i a ~ ~ ~  C u u ~ l t y ,  Illinqisj core was completed d u r i n q  December. The d e s c r i p -  
t i o n s  o f  t h e  s a m p l e s  a r e  s u m m a r i z e d  i n  t a b l e  I I G - 1 .  l'llc s t y l e , u s e d  t o  r e p o r t  
s a m p l e  d e s c r i p t i o n s  i s  s l i q h t l y  d i f f e r e n t  f r o m  t h a t  uscd i n  p r e v i o u s  r e p o r t s  



b e c a u s e  s e v e r a l  of  t h e  s a m p l e s  were  t a k e n  f r o m  i n t e r v a l s  i n  which  g r e e n i s h -  
g r a y  a n d  b l a c k  s h a l e s  a r e  t h i n l y  i n t e r b e d d e d .  These  s a m p l e s  are  d e s c r i b e d  a s  
two d i s t i n c t  l i t h o l o g i e s ,  w i t h  t h e  p r o p o r t i o n  o f  e a c h  and  t h e  b e d  t h i c k n e s s e s  
i n d i c a t e d  i n  co lumns  5  and  6 .  

Bedding  a n d  l a m i n a t i o n s  are  u s e d  w i t h  two d i s t i n c t l y  d i f f e r e n t  mean- 
i n g s  i n  t h e s e  d e s c r i p t i o n s .  Beddirly i s  u s e d  t o  r e f e r  t o  l a y e r s  o f  d i s t i n c t  
c o l o r ,  s t r u c t u r e ,  a n d  c o m p o s i t i o n ,  whereas  l a m i n a t i o n s  r e f e r  t o  t h i n ,  p l a n a r  
s e d i m e n t a r y  s t r u c t u r e s  t h a t  a r e  u s u a l l y  s e g r e g a t i o n s  o f  o r g a n i c  m a t t e r  o r  s i l t y  
m a t e r i a l .  W e  i n t e r p r e t  t h e  i n t e r b e d d i n g  o f  g r e e n i s h - g r a y  a n d  b l a c k  s h a l e  t o  
b e  t h e  r e s u l t  o f  c h a n g e s  i n  t h e  oxygen contel lL ull the b o t t o m  w a t e r s  i n  t h e  New 
Albany ,  whereas  l a m i n a t i o n s  a r e  t h e  r e s u l t  o f  minor  f l u c t u a t i o n s  i n  c u r r e n t s  
nr s e d i m e n t  s u p p l ~ ,  w i t h o u t  any  s i g n i f i c a n t  change  i n  t h e  b o t t o m  env i ronmen t .  

Tlie l i t h o f a c i c s  c l a s s i f i c a t 3 - o n  nf  Harvey e t  a 1  . , 1977 ,  * b a s e d  on  
s t u d y  o f  t h e  O l I L  a n d  O l K Y  c o r e s ,  was found a d e q u a t e  t o  c l ld rdc l e l - i ze  a l l  o f  
t h e  s h a l e  l i t h o l o g i e s  found i n  t h i s  c o r e .  The l i t h o f a c i e s  d e f i n i t i o n s  u s e d  
h e r e  h a v e  b e e n  m o d i f i e d  s l i q h t l y  t o  p e r m i t  a  w i d e r  r a n g e  o f  c o l o r  w i t h i n  e a c h  
l i t h o f a c i e s .  The m a j o r i t y  o f  t h e  s a m p l e s  s L u d i e d  f a l l  i n  c i t h e r  l i t h o f a c j e s  I I A  
( i n d i s t i n c t l y  bedded ,  d a r k  g r e e n i s h - g r a y  t o  o l i v e - g r a y  s h a l e s ,  l a c k i n g  s y n a e r c -  
s i s )  o r  IVB ( f i n e l y  l a m i n a t e d ,  b rowni sh -b lack  t o  b l a c k  s h a l e s ,  w i t h  numerous 
p y r i t e  n o d u l e s ) .  Only two samples  e x h i b i t  e x t e n s i v e  s y n a e r e s i s  ( s a m p l e s  OlCl 
and  05L2, l i t h o f a c i e s  I I R )  , a l t h o u q h  a  few s y n a e r e s i s  f r d c  t u r e s  a r e  p r e s c n t  i n  
s e v e r a l  o f  t h e  samples  ( t a b l e  I I G - 1 ,  column 1 3 )  . Two samples  (02C1 and 06L2) 
were  i n t e r m e d i a t e  i n  c h a r a c t e r  be tween l i t h o f a c i e s  I I A  and I I I A .  

Samples  o f  t h e  c h o u t e a u  LlrnusLcr~le aiid Lii'lglc F o r m a t i o n ,  a t  t h r  t.np 
and  b o t t o m  o f  t h e  New Albany S h a l e  Group, r e s p e c t i v e l y ,  a re  n o t  e a s i l y  c h a r -  
a c t e r i z e t l  hy t h e  s a k e  c r i t e r i a  u s e d  t o  d e s c r i b e  s h a l e  s a m p l e s .  A d i f f e r e n t  
d e s c r i p t i v e  f o r m a t  i s  now b e i n g  d e v e l o p e d ,  arid Lhe l i t h o f a c i e s  c l a s s i f i c a t i o n  
w i l l  b e  expanded t o  i r i c l u d e  t h e  c a r b o n a t e s  w i t h i n  and a d j a c e n t  t o  t h e  New 

Albany S h a l e  i n  f u t u r e  r e p o r k .  

*Harvey,  R. D . ,  W .  A .  W h i t e ,  R .  M. C l u . f f ,  J .  K .  F r o s t ,  and  P. B. DuMonte l le ,  
1977 ,  P e t r o l o q y  o f  New Albany S h a l e  Group ( ~ l p p e r  Devonian a n d  ~snde r : l .~uok ian )  
i n  t h e  I l l i n o i s  n a s i n ,  a p r e l i ~ ~ l i ~ l a r y  1.-eport: P r c p r i n t s ,  First F.ast.ern Gas 
S h a l e s  Symposium, Oc t .  17-19,  1 9 7 7 ,  Morqantown, W .  V a . ,  p .  239-265. 
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C l a y  Mineralogy. .  - - - - - - - - 

Clay  m i n e r a l  a n a l y s i s  o f  t h e  021L (Ef f ingham County ,  I l l i n o i s )  c o r e  
was  c o m p l e t e d  d u r i n g  O c t o b e r ,  a n d  t h e  r e s u l t s  are p r e s e n t e d  i n  t a b l e  IIG-2.  
The c l a y  c o m p o s i t i o n s  i n  t h i s  c o r e  a r e  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  t h e  OlIL 
(Sangamon Coun ty ,  I l l i n o i s )  c o r e ,  a s  shown i n  f i g u r e  I I G - 1 .  C l a y  o r i e n t a t i o n  
i n d i c e s  a r e  a l s o  r e c o r d e d  i n  t a b l e  IIG-2.   he o b s e r v e d  o r i e n t a t i o n  v a r i e s  
f r o m  1 . 2  t o  2 . 5  and  d o e s  n o t  show a n y  s y s t e m a t i c  v a r i a t i o n  w i t h  d e p t h  o r  
l i t h o l o g y .  An o r i e n t a t i o n  i n d e x  o f  1 .0  r e p r e s e n t s  a  t o t a l l y  random a l i g n m e n t  
o'f . c l a y  f l a k e s ;  i n c r e a s i n g  i n d i c e s  r e p r e s e n t  more p e r f e c t  p a r a l l e l  a l i g n m e n t  
o f  t h e  c l a y s .  

- 

Sample C lay  --- m i n e r a l s  ( p a r t s / l O )  C l a y  c r i e n t a t i o n  
number Depth ( f t )  * I l l i t e  C h l o r i t e  Mixed- layer  i n d e x  

06L2 3081.1 7 . 5  2 .5  n i l  2 .1 

*Depth below l o q q i n q  referttllce @ 612.1  ft. above mean sea l e v e l .  



MIXED-STRUCTURE 
. bY 

01 K Y  C O R E  

ILL ITE  CHLORITE 

Figure I I G - 1 .  Clay ri~ineral composition of samples.from 
the O I K Y ,  O l I L ,  and 0 2 I L  cores. No 
kaolinite was detected in these samples. 



Clay  m i n e r a l  a n a l y s i s  o f  t h e  031L (Whi te  Coun ty ,  I l l i n o i s )  c o r e  
w a s  comple t ed  d u r i n g  December, a n d  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  IIG-3. 
The s a m p l e s  f rom t h i s  c o r e  have  low c h l o r i t e  c o n t e n t s  and  a r e  i n t e r m e d i a t e  i n  
c o m ~ o s i t i o n  compared t o  t h e  O l K Y  and  Ol IL  c o r e  s a m p l e s .  

The o r g a n i c  c o n t e n t  o f  t h e  samples  was d e t e r m i n e d  f rom t h e  w e i g h t  
l o s s  d u r i n g  low- tempera tu re  a s h i n g  and i s  r e c o r d e d  i n  t h e  l a s t  column o f  
t a b l e  IIG-3.  These  a r e  o n l y  a p p r o x i m a t e  v a l u e s  b e c a u s e  t h e  e f f i c i e n c y  o f  t h e  
a s h i r i g  p r o c e s s  i s  d e p e n d e n t  upon t h e  s i z e  o f  t h e  c r u s h e d  p a r t i c l e s  p l a c e d  i n  
t h e  a s h e r  (<20 mesh, i n  t h i s  case) .  

1~~~~ S P G = ~ - C L A Y  I'IIPIEW.LBGY enin 
ORGANIC MATTER CONTENT, WHITE COUNTY, ILLINOIS. (03IL)  CORE 

S a . m ~ l e  C lay  m i n e r a l s +  ( p a r t s / l O )  o r g a n i c +  matter 
number Depth ( f t )  * I l l i t e  C h l o r i t e  Mixed s t ruc t .11re  ( w t .  % )  

24L1 4715 7 .5  n i l  2 .5  2.4 

26L2 4744 7  n i l  3 2 . 5  

* n ~ p t h  be low r e f e r e n c e  l e v e l  o f  385 f t .  above  mean sea l e v e l .  

t ~ : d u l i . l . ! j t ~  w a s  no t  d e t c c t ~ i i  i n  t h e s e  s a m p l e s .  

+ c a l c u l a t e d  f rom w e i g h t  l o s s  a f t e r  l ow- tempera tu re  a s h i n q .  



V i t r i n i t e  Reflectance - - - - - - - - - - -  

Reflectance a n a l y s i s  o f  t h e  031L core  was completed i n  December, 
and t h e  r e s u l t s  a r e  presented i n  t a b l e  IIG-4. Sample CP1666-I was a p e l l e t  
made s e v e r a l  years  ago by N.  Bost ick and s t o r e d  i n  I l l i n o i s  Survey f i l e s ;  
the  o t h e r  f i v e  samples were processed dur ing  October and November, 1977. 
The average r e f l ec t ances  of  t he  samples vary from 0.53 t o  0.70 pe rcen t  Ro, 
with a s l i g h t  increase  i n  r e f l e c t a n c e  towards the  base of  t h e  New Albany 
( f i g .  1 , I G - 2 )  . These r e f l e c t a n c e  values a r e  s l i g h t l y  h igher  than  t h e  r e f l e c -  
tances observed i n  e i t h e r  t h e  O l K Y  o r  O l I L  cores  and correspond t o  a l e v e l  
of organic  metamorphism of 8 t o  9 ( s c a l e  of  Hood e t  a1. , . 1975) . * The h igher  
maturi ty  of these  samples compared t o  t h e  co re s  prev ious ly  s t u d i e d  probably 
is  due t o  t he  g r e a t e r  depth of b u r i a l ,  and suppor ts  t h e  proposa l  t h a t  t h e  
b e s t  p rospec ts  f o r  hydrocarbon recovery a r e  i n  t he  deeper  a r e a s  of  t h e  
I l l i n o i s  Basin (ISGS Annual Report,  Sept .  30, 1377, p .  149) .  

*Hood, A . ,  C .  C .  M .  Gut jahr ,  and R. L. Heacock, 1975, Organic metamorphism 
and the  generat ion of petroleum: American Assoc ia t ion  o f  Petroleum , 
Geologists  B u l l e t i n ,  v .  59, no. 6 ,  p. 986-996. 

TABLE IIG-4-VXTRINITE REFLECTANCE, 
WHITE COUNTY, ILLINOIS (03IL) CORE 

- - - ~ 

Sample Ro ( % )  

number Depth ( f t ) *  # Readings Averaqe S td .  dev ia t ion  

*Dcpth below reference  l e v e l  o f  385 f t .  above mean s e a  l e v e l .  



R o i l  mean ( % )  

Figure IIG-2. Mean-random vitrinite reflectance, in oll, White County, 

Illinois samples (03IL). Error bars correspond to + one 
standard deviation. Depths are below reference level of 

385 ft. above mean sea level. 



F i e l d  S t u d i e s .  - - - - - - -  
I 

On O c t o b e r  6 ,  J .  A .  L ineback ,  M. L. R e i n b o l d ,  R.  M.  C l u f f ,  and 
J. T. Wickham o f  t h e  I l l i n o i s  Su rvey  s t . a f f  v i s i t e d  t h e  1 n d i a n a  G e o l o g i c a l  
Su rvey .  C l u f f  m e t  w i t h  Nelson S h a f f e r  ( I n d i a n a  S u r v e y )  t o  d i s c u s s  t h e  p e t r o -  
g raphy  o f  t h e  New Albany and  t o  s t u d y  o n e  o f  t h e  N e w  Albany c o r e s  d r i l l e d  i n  
I n d i a n a .  On O c t o b e r  7 ,  Lineback l e d  a f i e l d  t r i p  t o  s e v e r a l  e x p o s u r e s  o f  t h e  
New Albany i n  s o u t h e a s t e r n  I n d i a n a .  S i m i l a r i t i e s  be tween t h e  New Albany o f  
I l l i n o i s  and  I n d i a n a  and a  number o f  i n t e r p r e t i v e  p rob lems  were d i s c u s s e d  on 
t h i s  f i e l d  t r i p .  

On November 3 a n d  4 ,  C l u f f ,  R e i n b o l d ,  a n d  J. W .  B a x t e r  of t h e  
I l l i n o i s  Su rvey  were j o i n e d  by J. B a s s e t t  and  N .  Hasenmue l l e r  o f  t h e  I n d i a n a  
Survey  on a f i e l d  t r i p  t o  s e v e r a l  e x p c s u r e s  o f  t h e  N e w  Albany i n  w e s t e r n  
I l l i n o i s  and  e a s t e r n  M i s s o u r i .  The N e w  Albany Group i s  p r e d o m i n a n t l y  g r e e n i s h -  
g r a y  s h a l e s  i n  t h i s  r e g i o n .  The p r i n c i p a l  f o c u s  o f  t h e  t r i p  was t o  s t u d y  t h e  
e n v i r o n m e n t s  and r e l a t i o n s h i p s  o f  t h e  s h a l e  and  t h e . c a r b o n a t e s  above ,  w i t h i n ,  
and  below t h e  N e w  Albany.  T h i s  i s  a n  i m p o r t a n t  a r e a  f o r  d e t a i l e d  f i e l d  work 
b e c a u s e  s u b s u r f a c e  r e c o r d s  a r e  g e n e r a l l y  p o o r  and  w i d e l y  s c a t t e r e d .  The 
t h i n  c a r b o n a t e  b o d i e s  w i t h i n  t h e  New Albany Group i n  t h i s  r e g i o n  a r e  found 
o v e r  o n l y  a r e l a t i v e l y  s m a l l  a r e a  and  r e p r e s e n t  u n i q u e  d e p o s i t i o n a l  e n v i r o n -  
ments .  T h e i r  r e l a t i o n s h i p  t o  t h e  g r e e n i s h - g r a y  and b l a c k  s h a l e s  is i m p o r t a n t  
i n  c o n s t r u c t i n g  a n  o v e r a l l  d e p o s i t i o n a l  model f o r  t h e  New Albany i n  t h e  
I l l i n o i s  B a s i n .  

On November 1 4  and 1 5 ,  C l u f f ,  R e i n b o l d ,  and  B a x t e r . w e r e  j o i n e d  i n  
s o u t h e r n  I l l i n o i s  by B a s s e t t ,  Masenmuel le r ,  S h a f f e r ,  and  P. Chen o f  t h e  
I n d i a n a  Survey.  The zone  be tween t h e  u p p e r  New Albany S h a l e  a n d  t h e  F o r t  
Payne c h e r t ,  which c o n t a i n s  s e v e r a l  t h i r l  b u t  s t r a t i g r a p h i c a l l y  i m p o r t a n t  
u n i t s ,  was s t u d i e d  a t  e x p o s u r e s  i n  H a r d i n  County ,  I l l i n o i s .  S t r u c t u r a l  up- 
l . i . f t  o f  o v e r  5000 f e e t  has b r o u g h t  Devonian r o c k s  t o  t h e  s u r f a c e  i n  t h e  vi.cj.n- 
i t y  o f  H icks  Dome, and t h e s e  e x p o s u r e s  p r e s e n t  a  u n i q u e  o p p o r t u n i t y  t o  s t u d y  
s h a l e  d e p o s i t e d  n e a r  t h e  c e n t e r  o f  t h e  Devonian I l l i n o i s  B a s i n .  Exposures  o f  
t h e  New Albany S h a l e  and  l a t e r a l l y  e q u i v a l e n t  Middle  Devonian l i m e s t o n e s  were  
a l s o  v i s i t e d  i n  Union County ,  I l l i n o i s .  The f a c i e s  t r a n s i t i o n  f r o m  hlark 
shdl t t  t o  l i m e s t o n e  i n  s o u t h e r n  I l l i n o i s  i s  n o t  s u f f i c i e ~ i t l y  d e l i n e a t e d  and 
r e q u i r e s  a d d i t i o n a l  s t u d y .  

P e r s o n n e l .  - - - - -  

To s u p p o r t  t h e  f l u o r e s c e n c e  and s c a n n i n g  e l e c t r o n  m i c r o s c o p e  work 
r e q u i r e d  on t h i s  s t u d y ,  w e  have  employed Mary R. Hansman, B.S. ( g e o l o g y ) ,  
J u n e  1977 ,  U n i v e r s i t y  o f  I l l i n o i s .  MS.  Hansman w i l l  b e g i n  work on t h e  p r o j e c t  
on J a n u a r y  16 ,  1978.  

Equipment.  - - - - -  

B i d s  were  l e t  f o r  t h e  p u r c h a s e  o f  a m o t o r i z e d  i n t e r f e r e n c e  f i l t e r  
and  c o n t r o l  u n i t  f o r  o u r  L e i t z  MPV I1 r e s e a r c h  mic roscope .  . T h i s  equipment  
w i l l  e n a b l e  u s  t o  b e g i n  c h a r a c t e r i z i n g  t h e  f l u o r e s c e n c e  s p e c t r a  o f  s p o r e s  and 
n t h e r  o r g a n i c  p a a r t i c l e s  i l l  t h c  shale. 



F i r s t .  E a s t e r n  G a s  S h a l e s  Symposium. - - - - - - - - - - - - - - - - -  

R. Harvey  a n d  R. C l u f f  a t t e n d e d  t h e  EGS Symposium a t  Morgantown, 
West V i r g i n i a ,  o n  O c t o b e r  17-19. A p a p e r  was g i v e n  t h a t  s&unar ized  o u r  p rog -  
ress o n  t h i s  p r o j e c t  t o  t h a t  d a t e .  

L e c t u r e s .  - - - -  

R. C l u f f  g a v e  two one-hour  p r e s e n t a t i o n s  o n  t h e  s t r a t i g r a p h y  and  
p e t r o l o g y  of t h e  New Albany S h a l e :  o n e  a t  t h e  N o r t h e r n  I l l i n o i s  U n i v e r s i t y  
D e p a r t m e n t  o f  Geology i n  D e  Kalb  on O c t o b e r  31 ,  and  o n e  a t  Chevron O i l  ~ i e l d  
R e s e a r c h  Company in La H d b ~ a ,  C a l i f o r n i a ,  o n  D e c ~ m h ~ r  1 9 .  A w ide  v a r i e t y  of 
q u e s t i o n s  c o n c e r n i n g  t h e .  Lasrerrl Cdb 3 l r a l e s  Projcot and t h e  g ~ n l o g y  of t h e  
N e w  Alhany S h a l e  w a s  b r o u g h t  up by members o f  t h e  a u d i e n c e  a t  t h e s e  t a l k s .  
The p e o p l e  a t  Chevron  R e s e a r c h ,  i n  p a r t i c u l a r ,  h a w  e x t e n s i v e  experience w i t h  
s o u r c e  r o c k  s t u d i e s  a n d  made a  number o f  u s e f u l  s u g g e s t i o n s  and comments. 
One p r o b l e m  t h e y  h a v e  e n c o u n t e r e d  i s  t h a t  o f  b i t umen  c o a t i n g  v i t r i n i t e  par- 
t i c l e s  i n  s h a l e s ,  wh ich  l o w c r s  t h e  r e f l e c t a n c e  be low t h e  v a l u e  e x p e c t e d  f o r  
t h e i r  b u r i a l h i s t o r y .  They s t r e s s e d  t h e  i m p o r t a n c e  o f  u s i n g  s e v e r a l  nleasures 
o f  m a t u r i t y  t o  judge  a d e q u a t e l y  t h e  s o u r c e  r o c k  p o t e n t i a l  o f  a  b l a c k  s h a l e .  



A n a l y s i s  o f  P h y s i c a l  P r o p e r t i e s  - o f  t h e  Devonian B lack  S h a l e  (I11 G )  

I n t r o d u c t i o n  

T h i s  p r o j e c t '  i s  a s t u d y  o f  t h e  i n d e x  p r o p e r t i e s ,  d i r e c t i o n a l  p r o p e r -  
t i e s ,  and  s t r e n g t h  o f  o r i e n t e d  c o r e  o f  Devonian b l a c k  s h a l e  f rom t h e  I l l i n o i s  

' B a s i n .  Index  p r o p e r t i e s  i n c l u d e  m o i s t u r e  c o n t e n t ,  s p e c i f i c  g r a v i t y ,  b u l k  
d e n s i t y ,  and  Shore  h a r d n e s s .  D i r e c t i o n a l  seismic v e l o c i t i e s  w i l l  be d e t e r m i n e d  
w i t h  a n  a c o u s t i c a l  bench.  S t r e n g t h  t e s t s  i n c l u d e  p o i n t  l o a d  f r a c t u r e  s t r e n g t h ,  
and i n d i r e c t  t e n s i l e  s t r e n g t h  ( B r a z i l i a n  s p l i t ) .  F r a c t u r e  f r e q u e n c y ,  d r i l l i n g  
r a t e ,  and c o r e  r e c o v e r y  are a l s o  compi l ed  a s  a n  a d d i t i o n a l  m e c h a n i c a l  i n d e x .  

R e s u l t s  
, 

I n d i r e c t  T e n s i l e  S t r e n g t h  ( B r a z i l i a n  S p l i t ) .  

P r e l i m i n a r y  t e s t i n q  o f  s amples  f rom c o r e  O l K Y  h a s  b e e n  comple t ed !  
and r o u t i n e  t e s t i n g  is  i n  p r o g r e s s .  However, a s  o f  t h e  end  o f  December, n o t  
enough s a m p l e s  have  been  t e s t e d  t o  i n d i c a t e  a n y  p r e f e r r e d  d i r e c t i o n  o f  t e n s i l e  
s t r e n g t h .  A few samples  o f  l i m e s t o n e  be low t h e  New Albany S h a l e  h a v e  a l s o  been  
t e s t e d .  The v a l u e s  o f  t e n s i l e  s t r e n g t h  f o r  t h e  l i m e s t o n e  (4 .32  t o  9.92 MPa) 
a r e  s i m i l a r  t o  t h e  t e n s i l e  s t r e n g t h s  o f  t h e  b l a c k  s h a l e s  (4 .76  t o  1 0 . 3 6  MPa). 
S t r u c t u r a l  f l a w s  (bu r rows ,  p y r i t e  n o d u l e s ,  f r a c t u r e s )  h a v e  i n  some cases a l t e r e d  
t h e  l o c a t i o n  o f  t h e  f a i l u r e  s u r f a c e r o r  i n d u c e d  s p l i t t i n g  a l o n g  t h e  bedd ing .  

P r e l i m i n a r y  sample  t e s t i n g  i s  a l s o  .comple ted  f o r  c o r e  O l K Y .  Val.ues 
o f  t h e  p o i n t  l o a d  i n d e x  have  shown a s i z e a b l e  r a n g e :  b l a c k  s h a l e s ,  1 .32  t o  
4.89 MPa; l i m e s t o n e s ,  3 .20  t o  10 .80  MPa. I n  a d d i t i o n ,  t h e r e  seemed t o  b e  con- 
s i d e r a b l e  d e v i a t i o n  from t h e  o r i g i n a l  a x i a l  l o a d i n g  o f  t h e  sample d u r i n g  f a i l -  
u r e .  H o w e v e r , ' t h e  o r i e n t a t i o n s  o f  t h e  f r a c t u r e s  have  shown t h e  f o l l o w i n g  
a p p a r e n t  p ~ , e f e r r e d  o r i e n t a t i o n s :  

, 
~ i t h o i o q y  L o c a t i o n  O r i e n t a t i o n  

B lack  S h a l e  Upper New Albany 140°/3200 f. 25O 

Black  S h a l e  Lower New Albany 

Limes t o n e  Below N e w  Albany 



M i n e r a l  R e s o u r c e s  E v a l u a t i o n  Sys tem {MINERS) ( I V  G )  

I n t r o d u c t i o n  

T h i s  p r o j e c t  i n v o l v e s  t h e  development  o f  a  M i n e r a l  Resources  
E v a l u a t i o n  Sys tem t h a L  w i l l  s t o r e  a l l  t h e  d a t a  r e l a t e d  t o  I l l i n o i s  S t a t e  
G e o l o g i c a l  Su rvey  s t u d i e s  of  t h e  Devonian b l a c k  s h a l e  o f  t h e  I l l i n o i s  B a s i n ,  
and  r e t r i e v e ,  p r o c e s s  i n  many ways ,  and  d i s p l a y  i n  v a r i o u s  ways t h e s e  d a t a .  

R e s u l t s  

I n  r e s p o n s e  t o  a  p r o p o s a l  t h a t  t h e  I l l i n o i s  S t a t e  G e o l o g i c a l  Su rvey  
c o o r d i n a t e  t h e  ~ l l i n o i s  B a s i n  par t1u11-ul :  Ill-lc- Dcvonian bl.;lrk s h a l e  s t u d i e s ,  - , 

a  s t u d y  was u n d e r t a k e n  i n  O c t o b e r  1977 t o  d e t e r m i n e  wha t  c h a n g e s ,  i f  a n y ,  
would  b e  needed i n  MINERS i n  o r d e r  t o  s t o r e ,  p r o c e s s ,  and  d i s p l a y  d a t a  f rom 
s t a t e s  o t h e r  t h a n  I l l i n o i s .  Because  t h e  w e l l  numbering s y s t e m  s t a r t e d  more 
t h a n  f i f t y  y e a r s  a q o  i n  I l l i n o i s  d i f f e r s  from most  i f  n o t  a l l  o t h e r  s t a t e s ,  . 

some changes  i n  o u r  f i l e  ye1.1cration and r e t r i e v a l  methods were  r e q u i r e d .  I n  
I l l i n o i s  each  c o u n t y  h a s  a w e l l  number 00001,  00002,  0 0 0 0 3 , . e t c . ,  whereas  i n  
most  s t a t e s  t h e r e  i s  o n l y  o n e  w e l l  numbered 00001 i n  t h e  s t a t e .  We t o o k  
a d v a n t a g e  o f  t h e  I l l i n o i s  numbering s y s t e m  and o r g a n i z e d  o u r  f i l e s  o n  a c o u n t y  
b a s i s .  Dur ing  r e t r i e v a l  r u n s ,  l o c a t i o n s  o f  r e c o r d s  c o u l d  b e  c a l c u l a t e d  i n s t e a d  
o f  s e a r c h e d  f o r .  Inasmuch a s  some c h a n g e s  t o  MINERS w e r e  n e c e s s a r y ,  we ex-  
panded o u r  a n a l y s i s  o f  MINERS t o  i n c l u d e  t h e  e n t i r e  s y s t e m  i n  o r d e r  t o  make 
c e r t a i n  t h a t  t h e  f i l e  g e n e r a t i o n  and r e t r i e v a l  changes  would n o t  b e  d e t r i m e n t a l  
t o  o t h e r  p o r t . i o n s  of t h e  sys t em.  I n  so d o i n g  we found s e v e r a l  p r o c e d u r e s  t h a t  
cou1.d b e  improved.  Our s t u d y  i n d i c a t e d  t h a t  a l l  t h e  changes  t h a t  w e  t h o u g h t  
t o  b e  n e c e s s a r y ,  o r  a n  improvement,  s h o u l d  be  accompl i shed  by  the c o m p l e t i o n  
d a t e .  o f  O c t o b e r  1, 1978.  A l i s t  o f  m i l e s  LUI-ies was p r c p n r o d ,  which a p p e a r e d  
in t h e  November 1977 monthly  r e p o r t .  

Most o f  t h e  changes  a r e  i n  t h e  f i l e  g e n e r a t i o n  a n d  r e t P 1 e v a l  pwr- 
t i o n s  o f  MINERS; h e n c e ,  f i l e  g e n e r a t i o n  and ma in tenance  i s  b e i n g  worked on 
f i r s t .  Work t o  b e  accompl i shed  d u r i n g  e a c h  m i l e s t o n e  i s  b e i n g  b r o k e n  down 
i n t o  i n d i v i d u a l .  t a s k s ,  and  s t a r t i n g  J a n u a r y  1378 i.t w i l l  be r c p o r t e d  t a s k  b y  
t a s k .  



GEOCHEIlICAL STUDIES 

Quantitative Determination of Major, Minor, and Trace Elements 
in Eastern U. S. Shales (I C )  

Introduction 

Determine not less than 49 .major, minor, and trace elements in 900 
shale samples, which are representative cross sections of the cores taken. 
Include organic and mineral carbon; total hydrogen; pyritic*, sulfate*, and 
total sulfur; total nitrogen; exchangeable cations (Ca, Na, K, Mg); and.base 
exchange capacity. Also, report other elements observed during normal rou- 
tine analysis. The data generated will be used to evaluate 1) the potential 
economic importance of trace element concentrations in organic-rich shales, 
2) new geochemical exploration techniques for natural gas, 3) trace element 
enrichment in shale organic matter, 4) the occurrence of heavy metal sulfides 
in shale, 5) potential catalytic effects of trace elements on shale pyrolysis 
yields, and 6) potential disposal problems. 

* Where total sulfur exceeds 0.5% 

Results 

The latest computer print-out of available chemical data'is presented. 

Trace Element ~istribution Between Shale ~norganic 
and Organic Phases (I1 C) 

Introduction 

Develop chemical and/or physical methods for the separation of the 
organic and inorganic phases, of shales, and determine the trace elements that 
are associated with each. phase. Mcthods tes ted  include float-sink gravity 
separations, mechanical separations (Humphrey Spiral), acid extractions, and 
zonal centrifugation. Compare results of analyses for ten shales, their 
gravity fractions, and their separated organic hhases to determine the elements 
closely associated with ~rganic matter. Separation procedures that are most 
promising will be used to study further the organically combined trace elements 
in additional shale samples. This research is designed to yield new information 
concerning chemical varidtions in sllale organic matter, which is the shale com- 
ponent about which little is known and which may be the most characteristic 
feature of gas-bearing qh.a les .  

Results 

Preliminary investigations have been made on methods for the separation 
of an organic fraction from Devonian black shale. Standard float-sink procedures, 
acid dissolution, and Humphrey Spiral techniques have been studied, and wr:lxk. :is 
urlderway 011 the application of froth flotation to this problem. Procedures for 
the separation of humilc acid and bitumen fractions have also been investigated. 



Of t . h e s e  m e t h o d s ,  t h e  a c i d  d i s s o l u t i o n  p r o c e d u r e  h a s  b c e n  t h e  m o s t  s a t i s f a c t o r y .  
U s i n g  i t ,  a n  o r g a ~ i c  f r a c t i o n  c ~ n t a i n i n g  a p p r o x i m a t e l y  1.57, a s h  h a s  b e e n  s e p a r a t e d  
flrorn t h e  s h a l e .  D a t a  o n  t r a c e  e l . e ~ n e n t  c o n c e n t r a t i o n s  o f  t h i s  p r o d u c t  h a v e  shown 
t n a t  e n r i c h m e n t  o f  some c o n s t i t u e n t s  a n d  d e p l e t i o n  o f  o t h e r s  d o  o c c u r .  O t h e r  
s e p a r a t i o n  t e c h n i q u e s  h a v e  n o t  been as s u c c e s s f u l ;  I ~ o w e v c r ,  i n v e s t i g a t i o n s  a r e  
c o n t i n u i n g .  No huinic  a c i d s  h a v e  b e e n  i s o l a t e d  f r o m  t h e  s h a l e s  t h u s , f a r ,  b u t  
s a m p l e s  o f  b i t u m e n  h a v e  b e e n  o b t a i n e d  a n d  a r c  p r e s a n t 1 . y  u n d e r g o i n g  a n a l y s i s .  
W i t h  t h e  e x c e p t i o n  o f  y r a d i e r l t  :!c..nsity p r o c c d u r e s ,  t.he n c x t  q u a r t e r  w i l l  see t h e  
c o n c l u s i o n  o f  t h e s e  p r e l i m i n a r y  I - n v e s t i g a t i o n s  concerning separation o f  a n  
o r g a n i c  f r a c  t . i o n .  

Mode o f  O c c i ~ r r e n c c  and  R e l a t i v e  ~ i s t r i b u t j  o n  o f  - - 
l i y d r o c a r h o ~ ~  P l i a s c s  ---. . i r l  S h a l e  (111 C )  --- 

D e t e r m i n e  t h e  c h a r a c t e r  o f  o f f - g a s e s  f rom a p l ? r o x i m a t e l y  1 0 - f o o t  
i n t e r v a l s  i n  c o r e s  c o l 1 e c t c . d  i n  t h e  1ll . j .noi:;  Das i  1 1 .  I n  a d c l i . t i o n ,  d e t e r m i n e  
t h e  r e l a t i v e  d i s t r i b u t i o n  of l iyc l rocnrbons  i r l  t e n  sl1c.cia1l.y p r e p a r e d  c o r e  
s a m p l e s ,  w h i c h  a r e  t h e  same a s  t h o s c  i n  P r o j e c t  11 C .  P r e s e r v e  t h e  s a m ~ ~ l c s  
i n  a i r t i g h t  c o n t a i n e r s  a n d  subsequently a n a l y z e  them f o r  e v o l v e d  g a s e s ;  
h i g h l y  v o l a t i l e ,  l o w - m o l e c u l a r  weicjkit l i q u i d s ;  mcdium-vola t i1 .e  h y d r o c a r b o n s ;  
a n d  s o l v e n t - e x t r a c t e d ,  low-vola t i l . ; .  h y t l r o c a r b o n s  u s i n g  C,C/i.lS m e t h o d s .  Deter- 
m i n e  n o n - v o l a t i l e ,  h i q h - n ~ o l e c u l a r  w c i g l i t  I - ~ y d r o c a r b o t i s  by GC a n a l y s i s  o f  s h a l e  
p y r o l y t i c  p r o d u c t s .  I n  a d d i t i o n ,  c o n d u c t  a  f e a s i b i l i t y  s t u d y  t o  se  wh- h e r  
c o l L e c t i . n n  p r o c e d u r e s  f o r  o b t a i n i r i g  r e p r e s e n t a t i v e  g a s  s a m p l e s  f o r  

f 3c,?Ic - 

i so top ic  a n a l - y s e s  c a n  bc d e v e . l o p @ d .  It'.r.om t h i s ,  a d ~ c i s i o r ~  w i l l  b e  made o n  
w h e t h e r  a d d i t i 0 1 : a l  i s o t o p i c  s t u d i e s  a r e  w a r r a n t e d .  

D a t a  a c c u m u l a t e d  c a n  b e  e v a l u a t e d  t o  g a i n  a better u n d e r s t a n d i n g  
~f t h e  o r i g i n ,  m i g r a t i o n ,  and l o c a t i o n  o f  n a t u r a l  g a s  a s s o c i a t e d  w i t h  t h e  
s h a l e s .  

Off-gas s t u d i e s  h a v e  b e e n  c o m p l e t e d  o n  a l l  corcs collected i n  t h e  
I l l i n o i s  B a s i n  t o  d a t e .  ' r h i s  p h a s c  o f  t h e  p r o j e c t  h a s  h e e n  i n t e r r u p t e d  u n t i l  
f u r t h e r  cores a r e  t a k e n .  

The  s e c o n d  p h a s e  o f  t h e  p r o j e c t  - d e t e r m i n a t i o n  u f  the r e l a t j . \ r e  d i . s t r i h u t i o n  
o f  h y d r o c a r b o n s  i n  t e n  s p e c i a l l y  p r e p a r e d  curc s a m p 1 . a ~  - j.3 awaitin9 f u n d s  f o r  
e q u i p m e n t  p u r c h a s e s .  I n  t h e  i n t e r i m  a  l i t e r a t u r e  s e a r c h  i s  b e i n g  c o n d u c t e d  i n  a  
q u e s t  o f  m e t h o d s  a l r e a d y  d e v e l o p e c l  t h a t  w i l l  e n h a n c e  t h e  c o r i d u c t  o f  t h e  s e c o n d  
p h a s e .  P r e l i m i n a r y  " d r y - r u n "  e x t r a c t i o n s  a n d  s c p a r s t i o n s  a r c  b e i n g  c o n d u c t e d  
to  tesr a ~ ~ d / o r  t o  m o d i f y  t hese  p r o c e d u r e s  w h e r e  i t  i s  deemed n e c e s s a r y .  



Adsorption/n~~orption SLu~lies of Gases Through Shales (IV C) 

Introduction 

With nitrogen and carbon dioxide, determine internal surface area 
on 900 shale core samples; on 100 of these, use methane as the adsorbate. 
Determine methane adsorption isotherms for the 100 shales at pressures within 
the range of <1 to 80 atmospheres. Comparison of these properties in gas- 
producing and non-gas-producing shales will be made to determine the relation- 
ship of shale physical properties to gas recovery. 

Results 

Shale samples have come in for study at a very slow rate this past quarter, . 
and this has delayed our milestone objectives. We had hoped to complete internal 
surface area measurements on some 200 samples from the Illirlois Basin by the end 
of this quarter. About 60 samples have been examined to the present time. Twenty- 
two samples from a core taken from Tazcwe1.L Count.y, Illinois are now being studied 
and internal surface area valves for these samples should be available for the 
next (January) monthly report. The organic carbon contents of these samples appear 
to be low. 

Eleven samples selected from the Appalachian Basin were kindly supplied 
us by Dr. Barry Maynard of the University of Cincinnati for evaluation and 
comparison with samples from the Illinois Basin. Some variations were found which 
warrant additional examination of a few more selected samples from the Appalachian 
Basin. Dr. Maynard will be sending these samples in the near future. 

We have examined 6 selected samples in the high-pressure (1 to 80 
atmospheres) met.hane sorption apparatus thus far. This apparatus is designed for 
research rather than for routine measurement, and only 100 selected samples are 
scheduled for examination. Improved temperature control has been achieved so that 
small gas volumes sorbed under increasing pressures do not vary because of slight . 
changes in temperature (1 degree centigrade can cause appreciable scatter on the 
plotted curve). Our temperature controlled to within about '1'~. 

Reexamination of the blacker shale samples from the Christian County, 
Kentucky core is being made to see whether the problcm of the long time required 
(several hours) for the sorbed gas to reach equilibrium at each increased pressure 
point can be shortened. (With the lighter-hued gray shales equilibrium is reached 
in a matter of minutes.) Six x 12 -mesh sieve-size fractions are used for the 
high-pressure studies. If slabs or sections of 1-inch core are run, for example, 
the time involved for the gas to reach equilibrium with the shale becomes days, 
or even weeks. This bchavior, of course, reflects the major differences in gas 
release rates between the black and gray shales that are observed in practice with 
canned shale samples. Consequently, we believe our apparatus can obtain meaningful 
data on gas release rates from the different shale types. We are attempting to 
study these differences (in addition to obtaining the more routine sorption 
isotherms) by releasing the methane pressurc (fron~ 80 atmo~phc~es back down to 
1 atrn~s~t-~t:rc) rather suild(::nJ.y, and then measuring t 1 . 1 ~  volume 'of methane released 
as a functiori of time at atmosphcric pressure. This tends to duplicate that which 
actually occurs in practicc when a b~ol.c is drillcd srld gas flows into it. 



C.EMICAL D A T A  ON C n R I S T l r h  COUYTY, IECTUCKV C O E E  

.-_-_-_------_--_.-----*-------------------.----------------------------------------------------------------------------.---- 
SAMPLE GEOL. D E P l H  S l O Z  AL;O3 F E Z 0 3  F L A S  *GO CAO NA AS K 2 0  K AS , 1 1 0 2  FZC5 

*h 

NO, NO. ( F l )  1 I )  (1: ( Z 1  I FEZ03 ( I )  I f )  X NA20 1 % )  I ~ 2 0  ( X I  t x 1 [PPr.) 
IIRFI I N A A l  (NAA) t X R F 1  ( h A r )  ( M I A )  . - .  . - ___________________---------------------------------------------------------------------------------------------------------- 

J 8 0 8 e l  B ~ K V B ~ : ~  1 . 8 2 2 , ~  :3.2 19 .1  6 .85  1.4b .TO . l a  . l a  3.86 3 . 5 , ~  .56 . l m  1 1 8  
8 2  B Z f l L 1 9 1 , l  59.3 9.65 5.48 b.06 1.21 1.63 . s a  .L?b 31P . 6 6  2 .71  3 - 0 3  

8 3  0 3 C l  222e.3 57.8 9.9% 7.21 7.66 1.Pd 1.68 ,b8 2 . 7  3.29 .54 . l B  2bP 
04 8 0 C 1 2 2 3 8 . 2  62.8 15.8 3 . 9  3.69 1.49 .56 .8b  4.2; 4.50 1 2 7 0  

0 s  0 ~ 1  zzam.1 a8.m iecm ?..la 1.9.2 1.69 1.3e ,7a 2.61 2.75 . 0 5  2.25 a l e  
mt, o b t l  1250.8  59.8 i q a  4.40 5.3e 1.98 1.25 ,PI 0.3: 4.84 - 8 3  .a7  be 
07 e ~ c i  ~ 2 b e . r  a9.v 15,s 6.20 6.38 1.85 .26 7 3.9; 4.19 . 7 ~  .01  1 6 8  
01 p e t 1  ~ 2 7 e . 3 ,  57.9 I P , ~  3 7  3.19 2.10 2.e' 4.2; 4,eb .T 3 . I 3  19P 

0 9  0 F C l  228e.B 5 1 9  l E . 5  !.b0 4.21 3.59 4.81 *" 3.49 3 , t b  .I! . e l  3 b e  
1 0  it:! ,?2qe.T 55.0 11.5 ;.64 3 1 1  2 . 3  3 - 6 9  . 7 5 .  3.81 u.!,8 .b8 .P5 2E0 
1 1  1 1 1 1  2299.7 05.0 5 . 7 7  r . z 8  0.79 0.75 7.SR .87 2.93 3.53 - 5 2  .IP a e e  
1 2  1 2 ~ 1  ? 3 l e . 5  51.6 C.4d 5.16 3.29 3 1  7.51 . 5 6  2.81 3.54 .a3 - 1 5  32P 

1 3  1 3 C l  2318.8 0b.e z.87 5.89 3.67 4.88 11.1 .a5  2.61 3.P2 .35 ,19 3 6 0  

3 3  e ~ k 1 2 2 7 3 . 5  55.e 1 . 5  5.05 ~ . a b  2 1.69 . r o  4.10 5 , ~ h  .I I .12 .?RP 
34 !EL1 2 2 8 1 . 4  54.3 1. .9 2 . 9  7.12 3.62 5.67 .71  .F3  3hP .75 3 . e  4 . l b  
3 5  I I L l  2292.9 51.8 1 5 . 2  3.62 3.27 5.5P .7b  3.53 3.36 . b 3  SSP 
3 b 1 Z L l  2311.1  49.8 3,P7 2.62 2.18 4.?5 1P.3 ,50 ?.+a 3.19 - 3 7  . I S  37P 
3 7 1 2 L 1  2 3 1 2 . t  49.& 9.59 3.05 3.33 1 9.32 .53 2.F3 3.Pb . 3 b  .25  3bP 

-------------------------*------------------------------------------------------------------------------------------------- 

M N  V V S CL TOT1L ORGANIC I k O l G .  H TOTAL 3 I' AS 
~ [ P P M ]  (PPM! O P P U )  (I) t X )  c (XI c ( X I  c ( r )  !I) C E C  ( P P H )  ( P P . ~  
(OC-P) (CE-0)  1 0 6 - F )  'EC/ IL i?L  ----_--_---_---_------------------------------------------------------------------------------------------------------------- 

s e n e e l  I zc : b~ 2z.n 2.02 .PZ 1 4 . 1 ~  1s .e3  . j e  i - 9 3  a.1 u.9 6 6  

E 2 2 9 2  ' a n  I b r  I . P U  .PZ i z . s b  ~ v . i q  .5?  1 .43  3, a 3.3 3F 
8 3  2 2 e  . 7 r  I b e  1 . 9 ~  . P I 7 . 7  7 . ~ 3  ..75 1 . ~ 7  4.7 5.6 a2  
P 4 .?ha .5P 1 5 F  .3S .P2 2.2u I .hJ .7 5.1 1.6 17 

F 5  3CP 1 2 7  12R 2.2; .?2  7.01 5.81 1.22 - 9 1  3.2 4.2 37 
L( 6 3 l m  1 5 F  I 5 e  .22  .V2 1.68 . b b  1 .r.3 - 5 9  7.3 1.4 9.8 
P. 1 1 5 L  25b: 45cI 1.7U . A ) ,  12.61 12.3P . 3 1  1.72 5.P I 1  4 5 
1 8  1 7 8  ~ s r  ZP.R - 5 3  . P.Z b . 7 ~  5 . ~ 0  . a 6  1.79 u.? 2 . : .  1 5  
P9 32C '1 7Y 1 9 3  . 6 ?  . F 1 7 .  5 .39  2 . 1 2  I . ! ?  3.3 2.6 12  

1 e 2 3 ?. 19P 2 2 P  . h u  ." 1 l f . 5 +  9.23 1 . 3  Y.3b 2.6 1.b 1B 
3 1 3bV 15P 1 5 2  I . J t  .P2 l i ? . t b  7.U3 2.73 .95  2 .5  2.1 l b  
l ?  3bS 2 3 2  ? u ?  I . V** .'I b.37 5 . h l  Z.65 ! . r b  I n 7  2.F 1 1  
! 3 3 3 2  4.5:. 32V . 1 .10  1 l t . 3 6  1.3' 3.Ph . ' 5  + a .L .. 5.7 1 5  



C ~ E U I C A L  D A T A  ON C H R I S T I A N  COUNTY.  KErTuCrY CORE 

.---------------------------------------------------------------------------------------------------------..------------------- 
e r n ~ ~ ~  CEOL. O E P T ~  tl I B E BE B B R c F c s c R C R  C R  C D  c c1 

( r T )  ( P P ~ )  ( P P R )  ( P P H )  ( p p n )  (PPM)  (PPH)  ( P P ~ )  (PPM)  [ P P M I  I P P ~ I  ( P P * )  ( P P ~ )  NO. NO. 
( O E - 0 )  ( O E - P )  ( N A A )  ( O E - 0 )  ( O E - P )  ( N b A )  ( O F - 0 )  

L_____l___-___f-___---------------------------------------------------------------------------------------------------------- 

888881 e i ~ r s i c i  1822.2 988 3.6 3.6 IZR 5 8 2 5.0 6 5 7 a 84, 39 40 
02 B Z C ~  2191.1 1188 4.3 5.8 la@ 0.5 65 0.5 s 6 62 65 29 s P 
83 83Cl 2228.3 888 4.2 4.4 188 a 67 5.1 5 9 65 7 3 23 ? b 
8 0 Bat1 2238.2 570 3.2 5.2 248 3 60 6.5 6 9 9 8 118 1 1  12 
85 eft1 22a8.1 1800 3.8 5.0 188 3 17e a. 5 60 60 7e 3 2 3 4 
86 ~ b c l  2258.8 188 2.6 6.0 290 ta 9 1 9.1 9 9 100 110 1 2  1 1  
07 87Cl 2260.3 820 2.9 5.8 ZlR 5 8 1 7.0 8 9 1 BE 128 2 3 29 
08 B8Cl 2270.3 460 2.3 5.2 zoe a 7 7 7.8 10R 128 150 1 0 1 n 
89 89Cl 2280.0 358 2.5 5.1 225 3.6 70 6.9 8 5 99 l l p  1 1  13 
10 1BCl 2298.7 410 2.6 5.8 l9@ 5.0 7 5 7.7 9 7 88 11P 13 12 
11 llCl 2299.7 390 2. a 3.8 165 3 63 5.3 6 5 6 8 b 6 13 14 
12 12Cl 2310.5 278 2.0 3.3 150 3 4 8 0.2 5 5 56 7 5 1 1  1 4 
13 13C1 2318.8 518 2.2 3.6 130) 4 5 8 0.0 87 68 98 13 I 0 

33 0 8 ~ 1  2273.5 280 4.5 0.9 198 3 7 1 8.3 12E 118 1 nP 13 1 4 
34 1eLl 2287.8 15P 2.9 3.6 23P • 4 5? 5.6 7 1 7 5 E 1 b.p 9.1 
3 5 ll~l2292.9 288 0.0 4.8 3 1 s  5 5 1 5.8 79 7 I 6 P e.' 7.3 
36 12Ll 2311.1 288 2. B 15C (0 a 7 3.9 b 3 5 1  9.7 10 
37 I S L I  2312.6 2. 6 120 2 a 7 6.8 67 6 1 1 1  1 2 

-------------------------------------------------------------------------------------*--------------------------------------- 

L O  C Y  C U 0  v EL, F ; 0  G  A GE GE rr F P P  
( p p r . )  ( P P * ]  ( P P * )  ( P P M )  ( P P M )  ( P P ~ )  ( P P M )  ( P P M )  ( P P U )  ( p p * )  (PP- . )  ( V F - )  
( O E - p )  ( O E - D )  ( O E - P )  ( O t - 0 )  ( G t - P I  ( O f - P )  ............................................................................................................................ 

SBe0El 5 6 89 99 5. b 1.6 C Q E  1.4 .I.? 3 3V. 1.0 17 
0 2 3 13 be 02 4.0 1.3 63R 1.3 15 2.k r l r  3 . ~  10 
PS 20 82 PP 0 .L( 1.3 see 1.u 13 1.1 el? 3.1 3b 
84 1 ? b 1 7 P C.7 1.3 9FPi 1.6 22 1.5 ell 3 19 
P 5 2 3 7 8 7 Z 17 5.0 2925 6.2 1 1  • ,o e l 1  4.5 2h 
b? 6 'i . b 30 3 5 5.0 1.0 895 1.9 23 e , a  .!I 5.2 1 1  
E7 to 1 bR 17n b .  0 1.9 705 1 3  22 I.? 3.5 23 
88 1 b 1 U R  5. 6 1 885 1.0 19 .u e l l  0.h 29 
p9 1 : 13V 18P b. 8 1.a 77' 1.7 1s . .a ell 5.1 .la 
1 F 1 1  19P Ja? b. C 1.6 RPR 1.7 lb 1.1 e!: U , b  ,3: 
1 1  1 I 13R 19P c . 6  1.6 4 6 5  1.8 10 l .u ell 3.3 33 
1 2 j F  125 .?5? b. 1 1.5 92P 1.3 13 <;: 2.3 ,2C . 
13 1 Y 21P 217 7.P 1.9 92P 2.3 13 .b  el: 2.b 14 

33 1 I 1 S R  21 9 6.5 1.7 P5V 2.b ;?2 . I  * I !  4.2 i!C 
3 u e.e b a 1 2 ~  h .  P 2 875 1.2 21 - . . . L  - 1 :  3.7 1.2 
35 1 Z' 155 131) b . b  1.4 Tlr . 2 lb 2.c *!I 3.c 1 1  
3 b 1 ZP b.5 .'l.S 912 .? 13 ' .a :I1 .2.3 
3 7 . I I R  7.8 1 .s  e.be 2 .,3 6.7 • .4 S I I  2.5 



------------------------------------------------.---------------------------------------------------------------------------- 
~ A M P L E  GEOL. D E P T H  LA L U  M 0  P 0  h'l h' l  N  I R 9 . S M  3 C AG . S R 
"0. "0. ( F T )  ~PF- I )  ( F P ~ )  (PP-I ( P P ~ )  ( P F * )  [PPM:, ( P P Y )  ( P P ~ )  (PPMI ( P P * )  ( P P * )  ( P P ~ ) .  

r oc -01  ( N A A )  ( O E - 0 )  [ O E - P I  ( N A A )  c a t - P )  [ N A A )  
-------------_-----------*---------------------------------------------------------------------------------------------------  

8 0 0 0 0 1  8 1 K V O l C l  1822,2 3 5  .'5 1 BP 24P 1 P t  1 8 0  13R l l ?  9.1 1 3  ,7 7 b 
~2 ~ P C I  2191.1 2 8  .S 2 0 ~  ZPP 7 b I c e  QP 9 5  8.2 I 2 ( ,7 7 7 
8 3  8 3 C l  222e.S 2 9 . a  I b B  17e 8 5 I l P  9R 1 C 2  -,? . l s  .7 2 3 0  
P o ' 3 0 ~ 1  2238.2 S T  . 4  4 3 7 3 3 4 2 3~ 1% 'i . 2 1 7  * .a 1 2 8  
8 5  E5C1 2290.1 4 5 .9 I 0R 1 4  8 a 8 7. I SP. zs 2 5 . . l o  7 8o.e 
0 6  ?bCL 2 2 5 0 , 0  6 2  .5  1 N  0  2 3 .  S 0 4 9 1 VP 7.6 2 3 .: .8 1 5 E  
0 7  Z7CL 2 2 b n . S  1 8  . b 2 2 8  25G 2BB 308 SEA 1 ZF 1 2 ,. 1 6  7 2 1 0  
c b  P R C ~  2278.  s a a .S 1.5 2 8  B R  1 Be 1 s t  I ~ P  1 1  2~ l e e .  
0 9  POCg 22b0.E S b - 5  8.5 1 8  8 0  1 2 0  15R I ? ?  6.6 17  < ,8 1.88 
1 8 !PC1 2 2 9 8 . 7  37  . C 2 8  2 1 I Z P  ZPR I hP I r A 7.5 1 E 7 IIP 
1 1  : l c l  2299.7  3 3  .5 2 3  a 5 9 0  1 2 ~ .  1 4~ 1 E'P 7.9 1 5  .: . 7  13k? 
1 2  :2C: 231B.5 3 @  . a  3 9  38  1 2P 19P 1 3 n  " 7 6.8 lR .: .a l i e  
IS 13c :  ~ 3 1 e . 8  3 I .5 i l e  a b  z a e  2 5 2  2 b ~  9 3 9 . 5  1 s  .: . 8  l e e  

3 3 r R L '  2273.5 39 . a  1 7 u P 1 3 7  157 1 2 9  l e v .  7.5 2" 7 1 7 v  
3 U I P L .  2287.8 3 5  .a u 8 5  h 9 7 t h Z I 7 7  c.9 1 Q * .8 ,220 
35  L l L :  229P.9 3 2  . a  1 1  2P !P? 127 4 6 1 2 0  t . 3  I& . b  15P 
3 b l 2 L i  2311.1 2 Q . S  3 h N 0 I 4 Y  1 2 0  I 2 8.5 I I 1 5 V  
3 7 1 3 L l  231E.b 3 : . 5  3 9 5 9 :5? I bi' 5 0 7.5 1 2  19P 

I 



............................................................................................................................. 
SAMPLE GEOL.  D E P T H  Z R  5 0 0  DEG. NO 
h o e  "0 .  ( F T )  [ P P * )  A (PPM) 

r o t - P I  [ X I  
I 

. . . . . . . . . . 
------*---------------------------------------------------------------------------------------------------------------------- 

SBRUR1 0lKV01Cl 1822.2  2 1 0  79.b8 3 2  
R2 RZCl 2191.1 21R 16 .11  20 
0 3  r 3 C l  222e .3  z z a  81 .62  31 
R O  @ P C !  2 2 3 ~ ~ 2  2 2 e  95.4b 21 
BS e 5 ~ 1  2240.1  2 1 0  98.12 8R 
0b  B b C l 2 2 5 P . R  210  9 5 , 8 8  26 
07 0 l C l  2 2 b e . 5  2 5 t  82.49 28 
8 8  R8Cl 2210.5 '  2 8 e  91 .25  l b  
B P  C ~ C I  22eo.m 17c ~ e . 8 2  a 6  
i  e I R C I  2290 .1  I P P  ~ 1 . 8 ~  z i  
11  l l C l  2299.7 i!tP 92.8C 29  
1 2  ~ Z C I  2 3 1 e . 5  1 3 a  92 .86  2n 
1 3  ~ S C I  2318 .6  I ~ P  9 e . a ~  s ?  



________________.__---.--------------------------*--------------------------------------------------------------------------- 

8AMPLE CEOL. DEPTH 9 1 0 2  AL?O3 FEZ03 f E  AS *GO :A0 h A  AS K O  K A T I 0 2  r i ? c 5  M N 

NO, YO, : F T )  ( X I  [ X I  ( I )  X FEZ03 1 x 1  9 1 )  1 NAZO 1 x 1  .I K20 ( 1 )  :XI  (PP*) 
(XPF) ( * A & )  (NAA) ( I D F )  INAA) (HA&)  

________________*__*--------------------------------------------------------------------------------------------------------- 

S e 8 8 , 1 4 8 1 1 L 8 ! , 2 I ~ 7 b . B  b4.5 I .  3 1  4.5b 2.15 1.Aa 1.88 3 s 9 1  4.32 .a7 .88 2 2 0  
1 5  e l - 1  1589.0 71.8 e.50 2.61 A 1.80 2 . ~ 3  1 2 . 9 ~  r.03 .93 .33 291. 
16  e r ~ i  16ez.e 7a.e e9,t9 2 . 2 ~  2.51 1.13 .32 1.57 3 - 8 1  3.:5 .95 .a3 1 2 0  
11 ~ S L I  3 b i s . u  7e.u 1 - 7 7  p.88 3.55 1.08 . I 9  1 3 . 7  0.11 ,99 ,e.Ql 15P 

1 8  8 l L l  3 b 3 l . t  51.7 b.81 2.87 3.BB 2.59 15.5 .88 2.35 2.68 .5b .51 9bP. 

1 9  B P L l  :lb41,4 58.8 12.7 4.91 4 - 8 8  2 . 7  1.35 1.82 4.88 4.86 - 9 3  .82 SOP 

2 8  BPLZ i b s b . 2  65.0 i z . 1  2.72 5.72 1.62 .3e 1.11 4.26 4 1.88 . t s  2 4 9  

2 1 l Z L 1  lb57.8  b5.3 11.7 ' 5 . 84  7 8 3  1.DQ . Bb - 9 8  3.85 4 . 3 8  1 2 l A  
2 2  l B L l l b b 7 . 3  7 9  2 . 9  5.R8 b.52 1.9e e n  1 .71 5.4a b.lR 

.eb ? b e  

2 3  =LI  1b78.b be,? a 5.81 5 . 8 1  2 - 6 5  ,43 .79  5.32 b.55 .89 *.PI 2 8 e  
2 0  f 3 L l  1688.0 8 8  1 5.P9 6.29 2.74 .75 5.b3 6 .01  . e l  .02 2 8 8  

2 5 l r ~ l  1698.2 56.5 l a . 1  5.20 9 2.22 - 5 2  . 7 5  4.69 5 .31  .71  <,Ql 23P 
2 b 1 5 L 1 1 7 1 0 . 3  51.5 13.2 5 - 1 9  b.86 2 .17  .18 . 5 9  4.Qt 5.90 .bb .P.5 ZQP 
?7 l b l l 1 7 2 3 . 2  53.8 1 1 7  '5.35 8.50 2.9s s11 . 1 3  3.78 c.,?Z • h p  3 ZbP 
2 C 1 l C .  57.1 LZ.? 4.62 b . 0 5  1.5b . + 1  .A2 3 , l Q  C.?9 . 6 h  ,PU 23P 
2 9 1 . 3 ~ 1  1140.2  b2.5 u1.7 1 4.06 1.27 . a 1  .no  3.ch u . lb  .hu . p e  1 9~ 
3C 13L11753.15  55.a 12.2 5.62 5.r.5 1.h7 . 56 .75 3.Cb 4-82, . b ?  . i e  2 1 ~  

3 1 7 7 L l  1163..'3 5 6 . 6  3 4 . 7  c.41 2 2.25 .92 3.P7 0 .77  . * q  .(re 3riP 

3 2 2 1 L l  117b.2 50.0 r o . 8  4.83 3 - 8 4  2.15 . 7 7  . 7 5  4.8b 5 . 9 4  .b7 .@3 3CP 

- - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

n h  V V 5 C L TOTAL U~L;A ' i IC  1,:L:QC. M TOTAL S R  A 5 
IPP') ( = p . o  vwr;)., ( 1 )  I ' c ( X I  c ( t )  c 1 x 1  (1) C E C  (PPP) (PP*)  

I C E - P I  (3E - 0 )  *EO/lC.?G 
----------------------------------------------------------------------------------------------------------------------------- 
s a ? ? i r ;  z ~ r  2 2 v  27-a . D Z  . I 3  . P P  .u3 . Q L  . I 5  7.3 . b 2.b 

15 2 9 ~  1 c 147 e r g  , P C  .FC .29 . 6 1  ,a& 2.9 .5 2.9 

I t. 1 5 ~  7 P 1 2 2  . P 7 .14 . F. 7 .BP .lr . c e  3.1 .b  4.3 I 

1 1  17P 1 ZP 17: . V b - 1 1  .3c .2A ,l+ ."a U.3 .7 3.9 
I b e . 2 ~  8 3 9 2  , r 7  .pii 3. R P  . 1 5  5 . 7 1  .3b 2.2 .3 2.3 h) 

1 9  3UF l l t  I b @  . r q  - 1 2  .75  .32  . Q ?  . h 8  b.Q . 5  5.C 
h) 

2~ 23: 86 1 2 t  .75 .12 .bb  . 5 1  .Pz  . b b  5.b .b b.C' I 
2 1 1 r s  1 I I ~  .'9 . ~ 9  1 5 1.23 .c i ,  . ) P  h.7 . Q q. 8 
.'2 21r.  17.1 192 - 7 7  .l i' 2;?3 2.Q" .?I; . ~ 1  9.Q . Y  7.7 
2 3 31 t 14"  1 R P  . I ?  . I 7  1.PP. 1.72 .!- . b b  7.1 1 .? b .  2 
? U Z70 1 6 7  197 .?1  . I 4  2 - 9 6  2.9r . P >  ? . P I  t . ?  1 l r  
2 5 2 i .? 1 h F  2.!? . 5 -  .. 1 2 3 4.25 . C 5  1 . - 9  9.3 1.7 1% 
?b 2 r l  32" 7 1' P .=Z .?'I 7.61 7.56 . - 7  ! . c ~  11.b 4 . t  25 
2 1 ZPP 2 c ?  2 4 9  I .?c , r*Q Q.7b 9.54 . ! 5  1.54 b , ?  e.b 7 7  

2 8  . 2?? 1 2:' 1 b:' I.::: . ? Y  6.55 6 . 5 ~  .r-5 1 . ~ 1  6.6 2.E I 0  
2 0  2 r ?  I c :a 1 7 0  .9i J 'i 5.0' 5.57 .nb 1.15 b.? 2.e 1 1  
3 e ZL,? I C Z  1 7 ?  1.3b .I? t . 4 1  b.28 .:3 1.32 1.7 3.9 35  
3 1 30i' 1 2~ 13"  . R a  .?5  3.66 3.VS .*)  . O U  5.7 1.9 1 6  

3 z 2 e r  2 9 2  29: . T I  1 1  &.eb 3.79 7 1.14 7.9 2.e i t  



C M E * I C A L  D A T A  ON SANGAMON C O U N T Y ,  I L L I N O I S  CORE 

--------------------------------------------------------------------------------------------------------------------.-------- 
SAWPLE GEOL; D E P T H  B A  BE BE B B R  t E  C  3 C R C  R Ch C  0  CO 
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