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GEOLOGICAL EVALUATION 

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 c s  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 deformat ion  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  
hydrocarbons .  

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 rev ious  work i n  I l l i n o i s  i s  b e i n g  r e - e v a l u a t e d  and 
updated.  New d a t a  on  t h e  p h y s i c a l ,  chemica 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  from 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  be 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 g  d a t a .  

Advise DOE on D r i l l  S i t e s  and Cor ing  

P ' 

P r o g r e s s  

A few l e a d s  on d r i l l i n g  t h a t  might b e  p o s s i b l e  t o  deve lop  i n t o  c o r e s  
through t h e  N e w  Albany have been r e c e i v e d  d u r i n g  t h e  p a s t  q u a r t e r ,  b u t  none 
h a s  produced d e f i n i t e  commitments. Discuss ion  h a s  c o n t i n u e d  on t h e  f e a s i b i l i t y  
o f  t a k i n g  s h a l l o w  c o r e s  i n  ~ l l i n o i s .  F i g u r e  1 shows t h e  l o c a t i o n s  o f  p r e s e n t l y  
a v a i l a b l e  New Albany Group c o r e s  i n  I l l i n o i s  and w e s t e r n  Kentucky. F i g u r e  2  
shows t h e  l o c a t i o n s  o f  f o u r  p o t e n t i a l  s i t e s  f o r  s h a l l o w  d r i l l i n g  t o  r e a c h  and 
core t h e  New Albany. Below i s  an o u t l i n e  o f  t h e  b a s i c  i n f o r m a t i o n  on each o f  
t h c o c  potential drill o i t o ~ .  

Hardin  County, I l l i n o i s  

P o s s i b l e  s i t e s  : 
On t h e  f l a n k  o f  Hicks Dome, i n  any o f  Secs .  24,  . 2 5 ,  36, T. 11' S . ,  
R. . 7  E . ,  o r  Secs .  1 9 ,  20,  29, 30,  31; 3 2 ,  33,  il'. 11 S . ,  K. 8  E. 
D r i l l i n g  s i t e  shou ld  be l o c a t e d  on t h e  F'ort Payne c h e r t  and a s  c l o s e  
t o  t h e  c e n t e r  o f  . t h e  s t r u c t u r e  a s  p o s s i b l e .  The F o r t  Payne i s  280- 
640 f e e t  t h i c k  i n  t h i s  a r e a  and w i l l  p robab ly  be ve ry  d i f f i c u l t  t o  
d r i l l  t .hrough, s o  t h e  s i t e  shou ld  be  s e l e c t e d  t o  minimize t h e  amount 
o f  d r i l l i n g  i n  c h e r t .  However, 60 t o  70 f e e t  o f  bedrock overburden 
w i l l  be n e c e s s a r y  t o  accommodate t h e  c o r e  b a r r e l .  

Thickness  : 
The New Albany i s  approx imate ly  400 f e e t  t h i c k  i n  t h i s  a r e a  and i s  
d i p p i n g  a b o u t  10-20 d e g r e e s  i n  a l l  d i r e c t i o n s  away from t h e  c e n t e r  
o f  t h e  s t r u c t u r e .  T o t a l  c o r e  t h i c k n e s s  . w i l l  be a b o u t  410-420 f e e t .  



S t r a t i g r a p h y  : 
W e  e x p e c t  t o  e n c o u n t e r  a v e r y  t h i n  H a n n i b a l - S a v e r t o n  e q u i v a l e n t  
g r e e n i s h - g r a y  s h a l e ,  v e r y  t h i c k  G r a s s y  Creek  S h a l e s ,  and  t h i c k  
S w e e t l a n d  Creek  a n d  B l o c h e r  S h a l e s .  The Grassy  Creek ,  S w e e t l a n d  
C r e e k ,  B l o c h e r ,  and  t o t a l  New Albany Group are a l l  n e a r  t h e i r  
maximum t h i c k n e s s  a t  t h i s  s i t e .  

Advan tages  t o  s i tes :  
-Near t h e  Devonian d e p o s i t i o n a l  c e n t e r  o f  t h e  I l l i n o i s  B a s i n  
-Thick s e q u e n c e  o f  p o t e n t i a l l y  g a s - b e a r i n g  b l a c k  s h a l e s  
-Only sha l . l ow d r i l l i n g  s i t e  i n  e n t i r e  I l l i n o i s  B a s i n  where  d e e p  b a s i n  

f a c i e s  i s  e n c o u n t e r e d  

D i s a d v a n t a g e s  t o  s i tes : 
-Any g a s  o r i g i n a l l y  p r e s e n t  i n  s h a l e  may h a v e  b e e n  l o s t  d u e  t o  p rox -  

i l r u t y  t o  outcrops and  e x t e n s i v e  f r a c t . ~ . l r i n g .  
- S t r u c t u r a l  d i p  c o m p l i c a t e s  i n t e l - p r e l d t i o n  o f  elect-ric logs . .  . 
-Exrens fve  t r a c t u r l n g  and m i n e r a l i z a t i o n  may make d a t a  on p h y s i c a l  

p r o p e r t i e s  and  g e o c h e m i c a l  a n a l y s e s  d i f f i c u l t  t o  re la te  t o  o t h e r  
areas. 

-blast o f  t h e  e a s t e r n  and s o u t h e r n  f l a n k s  o f  H i c k s  Dome are U. S. F o r e s t  
S e r v i c e  l a n d ,  a n d  d r i l l i n g  o n  n a t i o n a l  f o r e s t  l a n d  w i l l  p r o b a b l y  
r e q u i r e  all e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t .  T h i s  somewhat l i m i t s  t h e  
c h o i c e  o f  d r i l l i n g  s i tes .  

R e f e r e n c e s  : 
B a x t e r  a n d  Desborough,  1965, I l l i n o i s  S t a t e  G e o l o g i c a l  S u r v e y  

CI. r c u l a r  3 8 5 .  
B a x t e r  , Desborough , and Shaw , 1967 ,  I l l i n o i s .  S t a t e  G e o l o g i c a l  

C i r c u l a r  413. 

P o o s i b l e  g i tes :  
Anywhere i n  e a s t e r n  Union Coun ty ,  i n  any  ~f townships T. 11 S. , R ,  , 1. W, , 
T. l l S . ,  R. I . F . ,  T. 1 2 S . ,  R. l E . , o r T .  1 3 S . ,  R. 1 E .  

T h i c k n e s s  : 
The New Albany S h a l e  is o v e r l a i n  by  200 t o  700 f ee t  a f  Missi.ssi.ppi.an 
l i m e s t o n e s ,  c h e r t y  l . i m e s t . o n ~ ,  and  s h a l e  i n  t h i s ,  a r c a ,  . Thc PJew Al.hany 
r a n g e s  f r o m  30 f e e t  t h i c k  n e a r  t h e  o u t c r o p  i n  c e n t r a l  Union County t o  
a p p r o x i m a t e l y  ,100 f e e t  a t  t h e  eas t  edge  o f  t h e  courlty . B o t h  t h e  t h i c k -  
n e s s  o f  skiale a n d  "amount o f  o v e r b u r d e n  i n c r e a s e  r a p i d l y  e a s t w a r d .  

S t r a t i g r a p h y  : 
W e  e x p e c t  t o  e n c o u n t e r  a few f e e t  o f  Chou teau  L i m e s t o n e ,  a t h i n  
H a n n i b a l - S a v e r t o n  i n t e r v a l ,  Gras sy  Creek  S h a l e ,  S w e e t l a n d  Creek  S h a l e ,  
d o u b t f u l l y  some B l o c h e r  S h a l e ,  and  A l t o  a n d  L i n g l e  F o r m a t i o n s  be low 
t h e  New Albany.  

Advan tages  t o  s i t e s  : 
-P rox imi ty  t o  p r e v i o u s l y  s t u d i e d  o u t c r o p  l o c a l i t i e s  
- - ! g i l l  p r o v i d e  d a t a  on  f a c i e s  t r a n s i t i o n s  a s s o c i a t e d  w i t h  t h e  Du Quoin 

Monocl ine  
--.?,lost o f  s h a l e  i s  b l a c k  t o  o l i v e - b l a c k  and  p o t e n t i a l l y  g a s - b e a r i n g .  
-Area o f  sparse s u b s u r f a c e  d a t a  



D i s a d v a n t a g e s  t o  s i t e s  : 
-New Albany Group i s  r e l a t i v e l y  t h i n .  
-Most o f  a r e a  i s  s u r r o u n d e d  by Shawnee N a t i o n a l  F o r e s t  a n d  some l a n d  

b e l o n g s  t o  U.S. F o r e s t  Serv ice .  D r i l l i n g  on  n a t i o n a l  f o r e s t  l a n d  
w i l l  p r o b a b l y  r e q u i r e  a n  e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t .  

-Might b e  as much a s  100 f e e t  o f  P o r t  Payne c h e r t  t o  d r i l l  t h r o u g h  

J e r s e v  Countv .  I l l i n o i s  

P o s s i b l e  si tes : 
The s t r a t i g r a p h i c a l l y  most  c o m p l e t e  s e c t i o n  i s  p r o b a b l y  l o c a t e d  i n  
e a s t e r n  J e r s e y  County (T.  8 N .  , R. 1 0  W. ) . A l t e r n a t i v e  s i t es  m i g h t  
b e  found i n  Greene County ( t h i c k e r  t o t a l  s e c t i o n  and t h i c k e r  " b l a c k "  
s h a l e  i n t e r v a l ,  b u t  s t r a t i g r a p h i c a l l y  less i n t e r e s t i n g ) ,  i n  w e s t e r n  
P i k e  County ,  o r  n o r t h w e s t e r n  J e r s e y  County ( T .  8 N . ,  R. 1 3  W . ,  a 
t h i n n e r  s e c t i o n  b u t  much s h a l l o w e r  and  p r o b a b l y  p o s i n g  f e w e r  d r i l l i n g  
p r o b l e m s ) .  

T h i c k n e s s  : 
The New Albany S h a l e  i s  o v e r l a i n  by  a p p r o x i m a t e l y  800 f e e t  o f  
M i s s i s s i p p i a n  and P e n n s y l v a n i a n  r o c k s  and  s u r f i c i a l  d e p o s i t s  i n  
e a s t e r n  J e r s e y  County ,  and  i s  s h a l l o w e r  i n  e a s t e r n  Greene  .County 
(250-500 f e e t )  and  n o r t h w e s t e r n  J e r s e y  County (0-200 f e e t )  . The 
t o t a l  t h i c k n e s s  o f  t h e  New Albany Group r a n g e s  f rom a b o u t  100  t o  200 
f e e t .  

S t r a t i g r a p h y  : 
T h i s  i s  a s t r a t i g r a p h i c a l l y  complex  area w i t h  v e r y  few s u b s u r f a c e  
r e c o r d s  ( n o  g e o p h y s i c a l  l o g s  o f  t h e  N e w  Albany Group i n  J e r s e y  County 
h a v e  b e e n  found i n  o u r  f i l e s ) .  Based  o n  o u t c r o p  s t r a t i g r a p h y  and  . 
sample  s t u d i e s ,  we e x p e c t  t o  e n c o u n t e r  a r e l a t i v e l y  t h i c k  H a n n i b a l .  
s e q u e n c e  t h a t  may i n c l u d e  a d a r k  q r a y  . t o  blaclc member ( t h e  Nutwood) 
a t  n e a r  maxim\~m l:.hi,ckness; b o t h  t h e  "Glen Pa rk"  and  L o u i s i a n a  Forma- 
t i o n o  j C;ra33y CYCCIC ai-ld,'or 9wte L l a l l J  C ~ e e k  S l l a l e  ; dlld p u s s l b l y  
Sy lamore  S a n d s t o n e  a t  t h e  b a s e  o f  t h e  New Albany.  

, 
Advantages  t o  s i t e s  : 

-I?-.- L U K L I ~ L ~  --' LU c l d s s i c a l  t y p e  s e c t i o n s  o f  Che New Albaily Group i n  
I l l i n o i s  

-P resence  o f  Nutwood, "Glen P a r k ,  " a r ~ d  L o u i s i a n a  l i t h o l o g i e s  . The 
r e l a t i o n s h i p s  o f  t h e s e  t h r e e  u n i t s  are s t r a t i g r a p h i c a l l y  a n d  e n v i r o n -  
men t . a l ly  v e r y  i m p o r t a n t  i n  d e v e l o p i n g  a n  o v e r a l l  model f o r  N e w  Albany 
d e p o s i t i o n .  

-This  i s  a n  area w i t h  v i r t u a l l y  no  re l iab le  s u b s u r f a c e  d a t a .  

D i s a d v a n t a g e s  t o  sites: 
- S e c t i o n  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 ,  limestone, and s i l t -  

s t o n e ,  w i t h  l i t t l e  b l a c k  s h a l e .  
-The B u r l i n g t o n  L imes tone ,  whicll l i e s  a few f e e t  above  t h e  New Albany 

i n  t h i s  area, i s  a p p r o x i m a t e l y  1 2 0  f e e t  t h i c k  a n d  c o n t a i n s  s e v e r a l  
c h e r t y  i n t e r v a l s  t h a t  w i l l  b e  s i g n i f i c a n t  d r i l l i n g  p r o b l e m s .  

--The p r e s e n c e  o f  coal seams i n  e a s t e r n  J e r s e y  County m i g h t  r e q u i r e  
c a s i n g  o f  t h e  h o l e .  

R e f e r e n c e s  : 
B a x t e r ,  1970 ,  I l l i n o i s  S t a t e  G e o l o g i c a l  S u r v e y  C i r c u l a r  448. 
Workman and  G i l l e t t e ,  1956 ,  1 l i i n o i s  S t a t e  G e o l o g i c a l  S u r v e y  

R e p o r t  o f  I n v e s t i g a t i o n s  189.  



Champaign-Douglas C o u n t i e s ,  I l l i n o i s  

P o s s i b l e  s i t e s  : 
The most  prc;mis.ing s i t e  i s  p r o b a b l y  a l o n g  t h e  eas t  f l a n k  o f  t h e  
T u s c o l a  A n t i c l i n e  somewhere be tween  t h e  v i l l a g e s  o f  Tolono and 
Camargo. An a l t e r n a t i v e  s i t e  migh t  be i n  e a s t e r n  Douglas  County 
i n  t h e  g e n e r a l  v i c i n i t y  o f  t h e  town o f  Newman. 

T h i c k n e s s :  . . .  
The New Albany Group i s  g e n e r a l l y  80-100 f e e t  t h i c k  a l o n g  t h e  
f l a n k s  o f  t h e  T u s c o l a  A n t i c l i n e  and  is  o v e r l a i n  by g e n e r a l l y  200- 
500 f e e t  o f  o v e r b u r d e n  c o n s i s t i n g  o i  g l a c i a l  d r i f t ,  p o s s i b l y  some 
P e n n s y l v a n i a n  s t r a t a ,  and Borden S i l t s t o n e .  I n  n o r t h e a s t e r n  
Douglas  Coun ty ,  t h e  N e w  Albany i s  g e n e r a l l y  50-80 f e e t  t h i c k  a n d  
i s  o v e r l a i n  by 600-900 f e e t  o f  o v e r b u r d e n ,  c o n s i s t i n g  o f  g l a c i a l  
d r i f t ,  P e n n s y l v a n i a n  s t r a t a ,  and  Borden S i l t s t o n e .  

S t r a L i y r d p l . ~ y :  
I n  t h i s  g e n e r a l  area t h e  Chou teau  L imes tone  is  t h i n ,  and  it a p p e a r s  
t o  p i n c h  o u t  i n  e a s t e r n  Douglas  County.  The H a n n i b a l - S a v e r t o n  
S h a l e s  are v e r y  t h i n .  The Grassy  Creek  and S w e e t l a n d  Creek  S h a l e s  
a p p e a r  t o  b e  o f  a b o u t  e q u a l  t h i c k n e s s ,  b u t  p o o r l y  d i f f e r e n t i a t e d ,  
w i t h  no  d e e p  b a s i n - t y p e  d a r k  b l a c k  s h a l e  f a c i e s  p r e s e n t .  

Advan tages  t o  s i tes :  
-Very s h a l l o w  d e p t h ,  s h o u l d  b e  e a s y  d r i l l i n g ,  e s p e c i a l l y  o f  f l a n k s  

o f  T u s c o l a  . A ~ t i c l i i i e  
-May s h e d  l i g h t  o n  r e l a t i o n s h i p s  be tween  d e p o s i t i o n a l  f a c i e s  and  

e a r l y  d e v e l o p m e n t  o f  La S a l l e  A n t i c l i n a l  B e l t  
-May y i e l d  i n t e r e s t i n g  d a t a  r e g a r d i n g  e f f e c t s  o f  s t r u c t u r e  o n  

s t r c n q t h  o f  ~ h a l c  

D i s a d v a n t a g e s  t o  s i t e s  : 
- T o t a l  New Albany S h a l e  s e c t i o n  is  r e l a t i v e l y  t h i n .  
- 1 , i t t l e  or  no  "good" b l a c k  s h a i e s ,  p r o b a b l y  i i t t l e  g a s  p o t e n t i a l  
-P robab ly  w i l l  b e  l i t h o l o g i c a l l y  s i m i l a r  t o  T a z c w e l l  County c o r e  

Problems 

The l a c k  o f  good c o r e  material  f rom t h e  c e n t r a l  p a r t  o f  t h e  b a s i n ,  
w h e r e  t h e  New Albany i s  3000 f e e t  o r  more be low t h e  s u r f a c e ,  c o n t i n u e s  t o  
p o s e  a p r o l d e m  f o r  o u r  work.  A p a r t i a l  s o l u t i o n  would b e  t o  t a k e  t h e  c o r e  i n  
H a r d i n  County where  t h e  New Albany i s  a t  s h a l l o w  d e p t h .  D i r e c t  c o n t r a c t  w i t h  
a d r i l l e r  t o  t a k e  o n e  o r  more o f  t h e s e  s h a l l o w  c o r e s  i s  p o s s i b l e ,  i f  s u i t a b l e  
f i n a n c i a l  a r r a n g e m e n t s  c a n  b e  made. T h i s  may f o r m  t h e  b e s t  a l t e r n a t i v e  t o  
g e t t i n g  a d e e p  b a s i n  c o r e .  

I t  may p r o v e  t o  b e  d i f f i c u l t  or i m p o s s i b l e  t o  p r o c e s s  new c o r e  
r e c e i v e d  l a t e r  t h a n  t h e  f a l l  o f  1 9 7 8  i n  t h e  t i m e  f r ame  s p e c i f i e d  by t h e  o r i g i n a l  
p r o p o s a l  and c o n t r a c t .  



New Albany Well Map and Tabulation 

Progress 

The l i s t i n g  of holes i n  the  northeastern quadrant of the I l l i n o i s  
Basin i s  completed. Maps t o  a  sca le  of  1:1,000,000 have been produced with 
locat ions  p lo t t ed .  Figure 3 shows the counties involved i n  the  northeastern 
quadrant and i n d i c a t e s . t h e  t o t a l  area  completed t o  date.  

The tabula t ion of d r i l l  holes through the  Devonian black shale  i n  
the northwestern quadrant of  I l l i n o i s  is  under way. 

S t ra t ig raph ic  Cross Sections 

Progress 

S t ra t ig raph ic  cross  sec t ions  have been e s sen t i a l l y  completed f o r  
several  months, except f o r  revis ing and re f in ing  of cor re la t ions  as more da ta  
become ava i lab le  regionally.  Supplementary cross  sec t ions  a re  produced o r  
extended as needed t o  help solve s t r a t i g r aph i c  problems i n  c e r t a i n  areas .  
During the  pas t  qua r t e r ,  supplementary north-south sec t ions  have been extended 
i n  c en t r a l  I l l i n o i s  and along the eas tern  boundary of the s t a t e .  

Isopach .Maps 

Tabulation of data  on t o t a l  thickness f o r  the  New Albany Group i n  
I l l i n o i s  is  v i r t u a l l y  complctc (milestone 6 ) .  Ilowever, i n  many p a r t s  of the 
s t a t e ,  formational subdivisions of the New Albany a re  s t i l l  only t en t a t i ve  and 
w i l l  require f u r t hc r  de ta i l ed  correlation work. Also, f u r t he r  work i s  needed 
i n  co r re la t ing  some key qeophysical horizons. A preliminary hand-contoured map 
of the  New Albany Group thickness has been done f o r  most of the  s t a t e .  Thick- 
ness contours have been drawn fo r  formational un i t s  i n  some por t ions  of the  
s t a t e ,  but  these may be sub jec t  t o  revis ion as  the g rea te r  regional  p i c tu r e  i s  
developed. 

Discussion and Problems 

Several s t r a t i g r aph i c  problems have been encountered i n  recognition of 
mappable subunits on a  regional  ba s i s .  A s  a  r e s u l t  of f ac ies  changes, contacts  
between formal s t r a t i g r aph i c  un i t s  may need t o  be sh i f t ed  v e r t i c a l l y  from one 
place t o  another. I n  some cases there  is  a  t r an s i t i on  zone through which the  
dominant l i thology of one formation grades ve r t i c a l l y  t o  t h a t  of another, and 
there  i s  no d i s t i n c t  contact  between the two formations. 



One s t r a t i g r a p h i c  n o m e n c l a t u r a l  p r o b l e m  a r i s e s  f rom t h e  l a t e r a l  
c h a n g e s  i n  t h e  i n t e r v a l  encompass ing  t h e  S w e e t l a n d  Creek  and  Grassy  Creek  
S h a l e s .  I n  many areas d i s t a n t  f rom t h e  c e n t e r  o f  t h e  I l l i n o i s  B a s i n ,  t h e  d i s -  
t i n c t i o n  be tween  t h e s e  two s h a l e  f o r m a t i o n s  becomes s11btl.e t.o p r a c t i c a l l y  non- 
e x i s t e n t ,  b e i n g  r e c o g n i z a b l e  i n  n e i t h e r  g e o p h y s i c a l  l o g s  n o r  s ample  l i t h o l o g i e s .  
I n  t h e s e  a r e a s  t h e  e n t i r e  i n t e r v a l  i s  b e i n g  l e f t  u n d i f f e r e n t i a t e d  and t e n t a -  
t i v e l y  r e f e r r c d  t o  t h e  Gras sy  Creek-Swect land  Creek  S h a l e s .  

I n  c e n t r a l  I l l i n o i s  t l le  s u c c e s s i o n  f rom t h e  Gras sy  Creek  S h a l e  t o  
t h e  o v e r l y i n g  S a v e r t o n  S h a l e  i s  t r a n s i t i o n a l  thro l lqh  a n  i n t~ r . t r a1 .  s e v ~ r a l  £ o a t  
t h i c k .  T h i s  t r a n s i t i o n  zone  g e n e r a l l y  e x h i b i t s  a  low e l e c t r i c a l  r e s i s t i v i t y ,  
o f t e n  o n l y  s l i g h t l y  h i g h e r  t h a n  t h e  S a v e r t o n  above .  However, t h e  n a t u r a l  r a d i o -  
a c t i v i t y  o f  t h e  zone  i s  g e n e r a l l y  h i g h ,  v e r y  n e a r l y  a s  h i g h  as t h a t  o f  t h e  unde r -  
l y i n g  Grassy  Creek .  Sainple l:i t-holocjy, a l t h o u g h  v a r i a b l e ,  c o n s i s t s  g e n e r a l l y  o f  
r e l a t i v e l y  d a r k  s h a l e s  !nore s i m i l a r  1-.n t h e  Grassy Creek t h a n  t h c  S n v c r t o n .  F o r  
t h e s e  r e a s o n s ,  t h e  t r a n s i t i o n  zone  h a s  i n  mos t  c a s e s  been  i n c l u d e d  w i t h  t h e  
G r a s s y  Creek .  

S t r a t i g r a p h i c  p r o b l e m s  a1.r-;o p e r v a d e  t h e  S a v e r t o n - L o u i s i a n a - " G l e n  Park"-  
I- lannibal  s e q u e n c e  i n  wes t - ce1 .1 t r a l  I l l i n o i s .  S e v e r a l  i n c o n s i s t e n c i e s  a r e  appa r -  
e n t  i n  p a s t  r e c o g n i t i o n  o f  c o n t a c t s  be tween t h e s e  f o r m a t i o n s .  The most  p r a c -  
t i c a l  s o l u t i o n s  t o  some o f  t h e s e  p rob lems  a r e  t o  d e f i n e  c o n t a c t s  on  t h e  b a s i s  
o f  k e y  b e d s  t h a t  are r e a d i l y  r e c o q n i z a b l e  o n  g e o p h y s i c a l  l o g s .  Some p a s t  work- 
ers  h a v e  e v i d e n t l y  u s e d  t h i s  a p p r o a c h ,  a l t h o u g h  c o n t a c t s  d e f i n e d  i n  t h i s  way a r e  
n o t  n e c e s s a r i l y  c o r r e l a t i v e  w i t h  t h o s e  d e f i n e d  i n  t h e  t y p e  a r e a s  and  may r e q u i r e  
some r e d e f i n i n g  o f  t h e  a g e  limits o f  some f o r m a t i o n s .  

C o n s i d e r a b l e  a t t e n t i o n  h a s  been  given t o  d e l i n e a t i n g  t h e  e r o s i o n a l  
b o u n d a r i e s  o f  t h e  New Albany Group. I n  much o f  w e s t - c e n t r a l  I l l i n o i s ,  t h e  N e w  
Albany h a s  b e e n  t h i n n e d  by e r o s i o n  a n d  i s  d i s c o n f o r m a b l y  o v e r l a i n  by  Valmeyeran 
( m i d d l e  M i s s i s s i p p i a n )  s t r a t a - t h e  Fe rn  Glen  F o r m a t i o n ,  o r  t h e  B v r l i n g t o n  Lime- 
s t o n e .  Near t h e  n o r t h e r n  l i m i t .  o f  t h e  New Albany,  t h e  o v e r l y i n g  M i s s i s s i p p i a n  
r o c k s ,  as  well a s  t h e  N e w  Albany i t s e l f ,  h a v e  been  t r u n c a t e d  and are d i sconfo rm-  
a b l y  O v e r l a i n  by P e n n s y l v a n i a n  s t ra ta .  I n  some areas t h e  New Albany i s  o v e r l a i n  
b y  P l e i s t o c e n e  g l a c i a l  d r i f . t .  

F a c i e s  c h a n g e s  and  t r u n c a t i o n  p r e s e n t  s p e c i a l  p r o b l e m s  i n  c o n t o u r i n g  
t h e  t h i c k n e s s  o f  t h e  New Albany.  The b e s t  a p p r o a c h  t o  mapping i s  t o  s u b d i v i d e  
t h e  map i n t o  areas showing  t h e s e  s p e c i a l  s i t u a t i o n s .  Where t h e  N e w  Albany i s  
e s s e r j t i a f l y  c o m p l e t e  ( confo rmab ly  o v e r l a i n  b y  t h e  Chouteau  L i m e s t o n e ) ,  c o n t o u r -  
i n g  i s  r e l a t i v e l y  s t r a i g h t f o r w a r d .  I t  i s ,  however ,  slightly comp1.i.cated hy 
l a t e r a l  g r a d a t i o n  o f  t h e  B l o c h e r  S h a l e  i n t o  t h e  u p p e r  L i n g l e  Lirnestone.  Here, 
c o n t o u r s  must  b e  o f f s e t  a l o n g  a n  a r b i t r a r y  v e r t i c a l  c ~ ~ t n f f  he tween  n l o c h e r  and 
L i n y l e .  

The g r e a t e s t  d i f f i c u l t i e s  i n  c o n t o u r i n g  a r i s e  where  t h e  u p p e r  p a r t  o f  
t h e  N e w  Albany h a s  b e e n  e r o d e d .  E r r a t i c  d i s t r i b u t i o n  o f  t h i c k n e s s  v a l u e s  i n d i -  
cates  t h a t  t h e  e r o s i o n  s u r f a c e  i s  g e n e r a l l y  f a r  f rom smooth .  F u r t h e r m o r e ,  i n  
most o f  t h e  e r o d e d  a r e a s ,  d a t a  a r e  r a t h e r  s p a r s e l y  d i . s t . r j . b ~ ~ t e i l ,  a r ~ d  many are 
o f  c i u e s ~ t i o n a b i c  r e l i a b i l i t y .  F o r  t h e s e  r e a s o n s ,  i n  t h e  e r o d e d  a r e a s ,  a 
l a r g e r  c o n t o u r  i n t e r v a l ,  d e p i c t i n g  more g e n e r a l i z e d  t h i c k n e s s e s ,  i s  p r o b a b l y  i n  



Sample S t u d i e s  

P r o g r e s s  

Sample s t u d i e s  o f  t h e  N e w  Albany i n  35 s t r a t e g i c a l l y  l o c a t e d  w e l l s  
we re  comple t ed  d u r i n g  F e b r u a r y  and March. L i t h o l o g i c  i n f o r m a t i o n  f rom t h e s e  
s t u d i e s . w a s  c o r r e l a t e d  w i t h  g e o p h y s i c a l  l o g s .  C h i p s  o f  v a r i o u s  n o n s h a l e  l i t h -  
o l o g i e s  were c o l l e c t e d  f o r  t h i n - s e c t i o n  p e t r o g r a p h i c  s t u d i e s .  S h a l e  samples 
were  t a k e n  f r o m  a p p r o x i m a t e l y  1 0 0 - f o o t  v e r t i c a l  i n t e r v a l s  f o r  v i t r i n i t e  r e f l e c -  
t a n c e ,  c l a y  m i n e r a l o g y ,  and c h e m i c a l  a n a l y s e s .  Sampl ing  was p e r f o r m e d  w i t h  
g r e a t  care t o  i n s u r e  n o n c o n t a m i n a t i o n .  

Problems 

I n  a few w e l l s ,  s a m p l e s  were u n a v a i l a b l e  f o r  c r i t i c a l  s t r a t i g r a p h i c  
i n t e r v a l s .  C o n t a m i n a t i o n  and m i x i n g  o f  t h e  s a m p l e s  ( d u r i n g  d r i l l i n g )  h a s  made 
i n t e r p r e t a t i o n  a n d  s a m p l i n g  d i f f i c u l t .  o r  i q o s s i b l e  i n  some cases. 

Data Forma t s  

P r o g r e s s  

With  t h e  r e c e n t  f i n a l i z a t i o n  o f  d a t a  f o r m a t s  f o r  s t r a t i g r a p h i c  d a t a  
e n c o d i n g ,  f i v e  c o u n t i e s  i n  s o u t h w e s t e r n  I l l i n o i s  h a v e  b e e n  c h o s e n  f o r  a t e s t  
o f  t h e  mapping f u n c t i o n .  The f u l l  d a t a  s e t  f o r  t h i s  area h a s  b e e n  punched  and 
w i l l  b c  u s c d  t o  t c s t  t h e  d a t a  a s sembly  c a p a c i t y  o f  t h e  MINERS s y s t e m .  The f i r s t  
K ~ S K  maps w i l l  be produced during ~ p r f l .  
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Fig. 3. 
Index map showing portion of Illinois for which listing of holes penetrating 
upper Devonian shales has been completed. Maps showing location of these 
holes have also been plotted,* . ., 
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i,lINEMLOGIC AND PETROCUPfIIC CI.IARACTERIZATION 
OF N E W  AI,l%Ai.IY I N  ILLINOIS 

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

7,'h.i~ 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  
and  p e f r o p r a p l ~ i c  p r o p e r t L e s  of  t h e  New Albany S h a l e  i n  I l l i n o i s .  T l l 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  and q u a l i t a t i v e  c i ~ a r a c  t e r i z n t i o n ,  by c p t i c a l  and 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 t e n t s ,  t h e  d i s p e r s e d  o r g a n i c  matter ,  
and  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  f o r  r e g i o n a l  and l o c a l  c o r r e l a t i o n s  o f  g e 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  
of  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 ,  and  d i a g e n e t i c  h i s t o r y ,  and  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  on  t h e  d e g r e e  of  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  m a t t e r  i n  t11c New Albany S h a l e .  

C l ~ a r a c  t e r i z a  t i o n  - 

P r o g r e s s  

F i f t y - e i g h t  s a m p l e s  from t h e  04T.L ( I ienderson  Co. ,  I l l i n o i s ) ,  061L 
( T a z e w e l l  Co. , 1 l l i n o j . s )  , and 071L ( P n y e t t e  Co.,  ~ l l i n o i s )  c o r e s  were  embedded 
i n  epoxy and slal.rbed d u r i n g  t h e  l a s t  q u a r t e r .  Rad iog raphy  o f  t h e s e  s a m p l e s  i s  
s t i l l  i n  p r o g r e s s .  

Two c o r e s  from S u r v e y  . f i l e s  were  d e s c r i l ) e d  anti sampled  d u r i n g  
F e b r u a r y :  one  from Y a y e t t e  C o u n t y ,  I l l i n o i s  ( 0 7 I L ) ,  and o n e  from S t .  C l a i r  
Coun ty ,  I l l i n o i s  ( 0 9 I L ) .  Twelve s a m p l e s  were  t a k e n  f rom t h e s e  c o r e s .  

Approx ima te ly  189  s a m p l e s  of r o t a r y  d r i l l  c u t t i n g s  f rom s e v e r a l  w e l l s  
i n  I l l i n o i s  were  piclced d u r i n g  F .ebrunry  ant1 ) la rch .  The d i s t r i b u t i o n  o f  s a m p l e s  
was a s  f o l l o w s :  

V i t r i n i t e  r e E l c c t a n c e :  5 1  s a m p l e s  
C l a v  mineralogy: 53 s a m p l e s  
Cllemical  a n a l y s i s  : 53 s a m p l e s  
T h i n - s e c t i o n  p e t r o g r a p h y  : 32 s a ~ n p l e s  

P rob lems  

S e r i o u s  p rob lems  were  e n c o u n t e r e d  d u r i n g  t h e  h a n d l i n g  and i n i t i a l  
wa te r - sawing  o f  t l ~ e  c o r e  s a m p l e s .  The low s t r e n g t h  o f  t h e  g r e e n i s h - g r a y  s h a l e s  
and t h e i r  t e n d e n c y  t o  s w e l l  i n  w a t e r  c a u s e d  s e v e r e  b r e a k a g e  and s l a k i n g .  Hany 
s a m p l e s  were  reimheclded i n  epoxy he tween  saw c u t s ,  and t h i s  s lowed o u r  p r o g r e s s  
c o n s i d e r a b l y .  Rad iog rap i l s  o f  t l i e s e  s a m p l e s  a r e  n o t  e x p e c t e d  t o  b e  o f  good q u a l i t y .  
S e v e r e  d i f f i c u l t i e s  i n  t h i n - s e c t i o n  p r e p a r a t i o n  a r e  a n t i c i p a t e d ,  and  t h i s  may 
d e l a y  t h e i r  p r e p a r a t i o n  a n d / o r  r e d u c e  t h e  number o f  t h i n  s e c t i o n s  made. 



, \ l i c roscop ic  C l i a r a c t e r i z a t  i o n  

Tlti.11-section a n a l y s i s  of t h e  021L (Effingham Co.,  I l l i n o i s )  c o r e  was 
comple ted  i n  F e b r u a r y .  The d a t a  Iiave been encoded f o r  computer s t o r a g e  and 
llandlirip,,  and a  p r i n t o u t  shou ld  be a v a i l a b l e  soon.  We w i l l  i n c l u d e  a  p r i n t o u t  
w i t h  o u r  montlily r e p o r t  a t  t h a t  t inie.  

Nine t h i n  s e c t i o n s  from. t h e  031L c o r e  (White Co. , I l l i n o i s )  were made 
d u r i n g  t h e  q u a r t e r  and a r e  now b e i n g  s t u d i e d .  F i f t e e n  t h i n  s e c t i o n s  of  w e l l  
c u t t i n g  samples  were  p r e p a r e d ,  and a  t o t a l  of 33 t h i n  s e c t i o n s  o f  o u t c r o p  and 
w e l l  c u t t i n g  samples  were  c i l a r a c t e r i z e d  d u r i n g  March. These samples  a r e  a lmos t  
e x c l u s i v e l y  from s a n d s t o n e  and c a r b o n a t e  u n i t s  below, w i t h i n ,  and above t h e  
New Albany Croup. G e n e r a l l y  t h e  t h i n  s a n d s t o n e s  w i t h i n  t h e  New Albany Groiip a r e  
c a l c i t e  cemented and do n o t  a p p e a r  t o  have s i g n i f i c a n t  p o r o s i t y .  The c a r b o n a t e  
l i t h o l o ~ i e s  a r e  q u i t e  v a r i a b l e  and a r e  p r i n c i p a l l y  of i n t e re s t  i n  d e c f , p h ~ . r i n g  
t h e  d e p o s i t i o n a l  env i ronments  of  t h e  s h a l e  and l a t e r a l  f a c i e s  t r a n s i t i o n s  from 
s h a l e  t o  c a r b o n a t e .  

F o u r t e e n  samples  from t h e  O l K Y  ( C h r i s t i a n  Co. ,  Kentucky) and t h e  
OlIL (Sangamon Co.,  I l l i n o i s )  c o r e s  have been chosen f o r  a n a l y s i s  w i t h  t l ic  
Scann ing  E l e c t r o n  Flicroscopc.  E v a l u a t i o n  of v a r i o u s  methods of sample  p repara -  
t i o n  i s  i n  p r o g r e s s .  

X-Kay 1 ) i f f r a c t i o n  9l inera logy and Clay  O r i e n t a t i o n  - 

T h i r t e e n  wl~o le - rock  samples  from t h e  021L c o r e  and 30 samples  from 
t h e  04fE  c o r e  were  a n a l y z e d  f o r  s i i t  minera logy  d u r i n g  February .  The d a t a  a r e  
p r e s e n t e d  i n  t a b l e s  1 and 2 .  

Clay ~n.Lrieralugy has been derermined f o r  30 samples from the 0 4 1 ~  edte 
and f o r  22 szmples  from t h e  OhIL c o r e .  The d a t a  a r e  p r e s e n t e d  i n  t a b l e s  3  and 4 .  
C lay  o r i e n t a t i o n  iritlex s l i d e s  a r e  b e i n g  p repared  f o r  a l l  samples .  The c l a y  
m i n e r a l o g y  of  t l i e ' t w o  c o r e s  i s  v e r y  s i m i l a r  ( f i g .  1 ) .  not11 a r e  a l s o  s i m i l a r  t o  
t h e  UlIL and 0211, c o r e s  ( f i g .  2 ) .  At t h i s  t ime  i t  a p p e a r s  t h a t  t l ie  New Albany 
c o n t a i n s  more c h l o r i t e  i n  t h e  n o r t h e r n  p o r t i o n  of t h e  I l l i n o i s  Basin  t h a n  i n  t h e  
s o u t h e r n  p o r t i o n .  C lay  m i n e r a l  a n a l y s e s  now i n  p r o g r e s s  o f  w e l l  c u t t i n g s  shou ld  
a l l o w  u s  t o  map any r e g i o n a l  v a r i a t i o n s  more p r e c i s e l y .  

Clay m i n e r a l  a n a l y s i s  of a  s t a n d a r d  sample  (SDO-1) p rov ided  by t h e  
U.S. G e o l o g i c a l  Survey was comple ted ,  and t h e  d a t a  c o l l e c t e d  a r e  p r e s e n t e d  i n  
t a b l e s  5 and 6 .  The sample  was d i v i d e d  i n t o  t h r e e  s p l i t s ,  and f o u r  s l i d e s  
were  made of each  s p l i t :  two by t h e  smear t e c h n i q u e  (which we r o u t i n e l y  use )  
and two by s e d i m e n t a t i o n .  The r e s u l t s  i n  t a b l e  5 a r e  from t h e  f i r s t  s l i d e  from 
e a c h  group.  Ana lyses  o f  t l ie  d u p l i c a t e  s l i d e s  a r e  g i v e n  i n  t a b l e  6 .  



As c a n  h e  s e c n  by compar ing  t h e s e  two t a b l k s ,  tlie r e s u l t s  w i t h i n  
e a c h  g r o u p  of  s a m p l e s  a r e  i n  ~ o o d  a g r e e m e n t ,  bt i t  t l i e r e  a r e  s i g n i f i c a n t  d i f -  
e r e n c e s  be tween  t h e  f i r s t  s e t  o f  s l i d e s  and  t h e  d u p l i c a t e s  t h a t  were r u n  a  
few weeks  l a t e r .  

The f o l l o w i n g  e x p l a n a t i o n  a c c o u n t s  f o r  t h e  d i f f e r e n c e s .  To c o n s e r v e  
e n e r f i y ,  t h e  h e a t  i s  t u r n e d  o f f  i n  o u r  X-ray l a b o r a t o r y  o v e r n i g h t .  The room 

0 
t e m p e r a t u r e  d r o p s  t o  a b o u t  24 C .  T h i s  seems t o  b e  t h e  t e m p e r a t u r e  a t  which  e t h y l -  
e n e  g l y c o l  c a n  no l o n g e r  e n t e r  be tween c l a y  l a y e r s .  Comple te  g l y c o l a t i o n  a p p e a r s  

0 
t o  o c c u r  a t  26-27 C .  The d i . f f c r r . n c e  be tween  t l i e  two s e t s  o f  s a m p l e s ,  t h e r e f o r e ,  
i s  a t t r i b u t e d  t o  d c g l y c o l a t i o n  d u r i n g  t l i e  n i g h t ,  wh ich  r e s u l t s  i n  a n  a p p a r e n t  
r e d u c t i o n  o f  e x p a n d a b l e  c l a y s  when t l i e  s l i d e s  a r e  X-rayed e a r l y  i n  t h e  morn ing  
( b e f o r e  t h e y  r e - e q u i . l i b r a t e  w i t h  t l i e  g l y c o l  a t m o s p h e r e  a t  h i g h e r ,  d a y t i m e  room 
t e m p e r a t u r e s ) .  T h i s  was a  p r e v i o u s l y  u n s u s p e c t e d  s o u r c e  of  e r r o r .  

V i t r i n i t e  K c f l c c t a n c e  

P r o g r e s s  

R e f l . e c t a n c e  a n a l y s i s  o f  t h e  021L c o r e  was c o m p l e t e d  d ~ i r i n g  J a n u a r y ,  
and  t h e  r e s u l t s  a r e  summarized i n  t a b l e  7  and  i n  f i g u r e  3 .  The r e f l e c t a n c e  v a l u e s  
f o r  t h i s  c o r e  a r e  s l i ~ h t l y  I i igher  t h a n  t h e  01KY and  OlIL c o r e s  ( f i g .  4 ) ,  w h i c h  
i s  c o n s i s t c n t  w i t h  i t s  bas inward  p o s i t i o n  r e l a t i v e  t o  t h o s e  w e l l s .  

A s i n g l e  v i t r a i n  band was fount1 w i t h i n  t h e  0511, p a r t i a l  c o r e .  V i t r a i n s  
a r e  g e n e r a l l y  a v e r v  r e l i a b l e  i n d i c a t o r  of  r a n k ,  and  e v e n  t l i i s  s i n g l e  s a m p l e  i s  
p r o b a b l y  r e p r e s e n t a t i v e  of  t h e  New Albany a t  t h a t  l o c a t i o n .  The measu red  r e f l e c -  
t a n c e  of  t l i e  s ample  (05ILOlL4) was 0 .47  - + 0.02  p e r c e n t  Ro. 

A sample  o f  Yew Albany S h a l e  and  a s s o c i a t e d  v i t r a i n  f rom i h r i o n  Coun ty ,  
I n d i a n a ,  was p r o v i d e d  by 1.1. S l ~ a f f e r  o f  t h e  I n d i a n a  Su rvey  and  measured  d u r i n g  
J a n u a r y .  no t h  t h e  macera  t e d  s l i n l e  s ample  and  t h e  v i t r a i n  y i e l d e d  i d e n t i c a l  
r e s u l t s :  0.46  - + 0.06 p e r c e n t  Ro. 

Ac id  s e p a r a t i o n  o f ' d i s p e r s e d  c o a l y  p a r t i c l e s  f o r  v i t r i n i t e  r e f l e c t a n c e  
a n a l y s i s  was comple t ed  f o r  a set o f  8 s a m p l e s  from t h e  06 IL  ( T a z e w e l l  Co. ,  
I l l i n o i s )  c o r e  and  8 s a m p l e s  f rom t h e  041L ( I lenderson  Co. ,  I l l i n o i s )  c o r e .  
E i g h t  s a m p l e s  Eroni t h e  071L ( F a y e t t e  Co. ,  I l l i n o i s )  and  21 s a m p l e s  f rom t l ~ e  
s u p p l e m e n t a r y  d r i l l  c u t t i n g  sets f rom v a r i o u s  c o u n t i e s  w e r e .  a c i d  d i g e s t e d  d u r i n g  
March. A l l  s a m p l e s  a r e  now b e i n g  mounted and  p o l i s h e d  f o r  r e E l e c t a n c e  a n a l y s i s .  

P rob lems  

The p , reenis l i -gray  s h a l e s  i n  t h e  04 IL  and  06 IL  c o r e s  y i e l d e d  v e r y  l i t t l e  
o r g a n i c  m a t t e r .  A d d i t i o n a l  s a m p l e s  w i l l  be p r o c e s s e d  i f  n e c e s s a r y .  



Suini i~a~y of P r o g r e s s  

A n a l y s i s  of  tile 021L and 031L c o r e s  ( m i l c s ~ o n e  1 6 )  i.s c o m p l e t e  e x c e p t  
f o r  t h i n - s e c t i o n  p e t r o g r a p h y  o f  t i l e  031L c o r e .  P r e p a r a t i o n  o f  t h i n  s e c t i o n s  
f rom t h e  03TL s a n p l e s  h n s  been  d e l a y e d  b e c a u s e  t l l c  i n i t i a l  s a m p l e  p r e p a r a t i o n  
o n  t h e  canned  s . i n p l e s  f rom t h e  041L a n d  OGIL c o r e  was deemed of  h i g h e r  p r i o r i t y .  

' l i l e s  t o n e  17  ( a c q u i s i t i o n  o f  f l u o r e s c e n c e  e q u i p m e ~ l t )  has been  clel.etr?cl 
d u e  t o  b~ . id~ ;&t :  c u t s  c l i r e c t e d  by DOI;. 

!.!ark. t o w a r d s  n i l e s t o n e  1 8  ( c o n p l c t i o n  of 04IL and 05IL c o r e s )  i s  
r u n n i n ~ ;  s l . i . z l ~ t l ! ~  bci l ind s c l ~ c d u l e ,  w h i l e  work o n  m i l e s t o n e  1 9  ( c o m p l e t i o n  o f  
06IL c o r e )  i s  w e l l  ahead  of s c h e d u l e .  A 1 1  t h r e e  c o r e s  w i l l  p r o b a b l y  b c  com- 
p l e t e d  more o r  less s i x u l t a n c o u s l y .  



e
i

 m
c
 n

 
n

'a
 

m
a

). 
:%

:f: 
!F

ie
f 

n
 

m
e

. 
n

o
w

 
1

1
1

.
 

I
8

 m . 
m

e
n

 
II 

:
f

 : 
*

a
 w 

II 
W

,. 
n

 
.b

 . . 
I

.
.

 
I

.
.

 
n 

.
%

1
1

5
w

c
O

P
w

u
@

s
"

l
r

r
s

 
I
I
J
 I
 

I
n

 
n

*
 .

%
I

 
o

m
-

-
 - 

;r 
n

lf
:

 
I

.
"

 

.. 
- 

"
 

. 
I
 
I
 

I
I

n
n

 
n

n
.

 
0
s
.
 

I
 

B
b

.
 

I
 

l
a

 W
w

m
B

6
B

B
6

V
R

 
:C:;:' 

'"
L

'Y
 

I
-
 n

q
 n 

n
*
 

1
 

n
 

I
.

.
 

1
1

1
1

 

n
e

w
 

D
C

O
~

~
C

K
~

~
 

v
*

.
 

P
n

-
n

 
: 

$
 

W
I

I
*

A
 

u 
r

u
b

.
 

8
 

m
.
 

m 
I
 

*
I
I
 . . 

.... 
P

I
I

 
l
l
W

.
6

,
6

&
b

s
V

V
 

SEg:;; 
8
 

* t
 

B
n

s
 m

v
r
 

:: 
: : 

1
.

 8
 

8
1

 
.

9
1

6
~

9
S

~
8

~
 

L
 
H
d
 I
 
I
.
 

8
 

I
 

i
n

 
n

 
8
 

r
:

 . . 
. 

n 
1

 m
a
 n 

.
O

B
m

?
 

s
m

r
 

.
H
d
.
 

.
l

:
b

P
a

-
r

V
 

.
.
L

.
 

.
-
r
 

a
-
 

b
 8

-
 n

 
#

\
*

*
\
*

*
*

 
.

a
1

 
.B

%
J

c
lS

.&
 

c
m

m
.

 
8

 
Y

.
S

.
 

a 
m 

8
 

:: 
: : 

*
I

 
m
u
 

m
a

e
~

v
r

a
e

 
L

n
d

 n
 .

w
S
-
l
l
n
o
p
r
,
 

u
r

n
.

 
. 

.v 
.a

 
.

C
 
I
 ..* 

I
 a
 

u
rn

. 
M

Y
 

m
h

 n 
e

n
.

 
I
.
.
 

... 
. 

n
c

 W
E

 
...... 
"
r
 .

s
 .- 

m
e 

.n
, 

.
.

.
 

... 
m

.
.

 
.

.
I

 
a

 
n

~
r

n
-

n
~

-
-

-
-

m
a

m
s

 
.- .P

 
.

w
o

L
P

m
L

C
*

r
m

m
m

m
 

.................. 
m

. 
.O

 
m

m
-

m
-

m
~

b
~

m
m

m
s

b
8

 
a

-
m

~
N

m
~

~
w

1
m

w
6

m
Q

 
.

I
.

 
I
.
.
 

.
I
.
 

... 
... 

a
 

.
-
a

-
-
-
N

-
N

-
N

-
-
-
 

m 
.

U
d

U
U

U
U

U
2

U
A

U
U

d
 

m
w

 
m

a
 

.
-

-
N

~
O

P
Y

~
~

~
L

~
O

 
m

2
m

Y
m

B
6

S
8

8
8

0
B

m
m

8
8

C
 

m
n
 m

w
 
~

A
A

A
~

A
A

A
A

A
A

A
A

A
 

. r, . r .-""""-"""-""" 
- 

3
 

N
N

N
N

N
N

R
N

N
N

N
N

N
 

n
 
z
 

6
m

m
m

m
m

s
m

m
m

m
m

m
 



TAI5I.E 2 :  SILT NINEHhl.OtY; IIEsI)ERSON COUNTY, II.LINUIS, CORE SAEIPLKS (041L). 

( l a 5 E R V t P  P C A *  ~ E I G M T S  [CUIINTS/SEC) ............................................................................................................................... 
S A M P L E  n e P T n  M C A  0 1 1  P L n  M S P  P L G  b s p / r L c  C A L  U ~ I L  caL+ncrL  S I O + A P A  P Y ~  M A R  PVPIMAR M ~ N E R A L  ................................................................................................................................ 
euHflEII 19.R 2P.R 27.2  7 27.9 ~ 9 . 4  1m.0 32.1 3 .  52.0 INO ................ ............................................................................................................... 

B ~ I L B I C I  6 s  1 7 5  5~ l v  P I R P /  P L) 2 4 5  2 0 5  IS 1 2  u I;! 
0 o I L E Z C l  h P  l U 5  3 h l j  P l R M /  t o  d 28P 28P 2 U 2 5 A 2 5  
R U I L D ~ C I  b~ I I u r  5 5  o 1ma1 R 1 5  IS P IS V I h P  3hI7 
B ~ I L E ~ C I  h s  IRS u 5  li$ R I R ~ I  a 9 2 3 0  e l m  I ? I B 1 8  
e a I L m 5 C 1  55  12cr US hS u l n p ~  R 3b;r 3 b P  I 2  2 P @ 2P 
0 a l L ~ b C 1  b 0  1 2 F  5 5  7 5  U I m p /  F P ? h 5  ? b 5  1 G I 7 U 17 
~ a l ~ e l C !  IP I M P  b S  7 5  m I R K /  a A 2 2 5  2 2 5  2 0  ? m P 2C 
0 0 1 ~ 0 8 ~ 1  h a  PP 55 9s P II'I~I P 1 5  ,: R il E P  R ?nm aea  
B ~ I L ~ P C I  6 r  IPV 5 0  h~ n 1 o d /  A ? I b o  I b l  1 7  ! 5 15 
o i l i  IPS I I IIC: 5C+ b 5  fi 11'111 A P I I 5  I 3 5  I 2  I it $I I R 
0 a I L 1 l C 1  hcl t r s  u7 ~ Y I  R I ~ R I  e ,B I?E 1(15 I S  !n u en 
0 i l C 1 z C 1  b(n 1 1 s  u s  T C  A ~ R P I  J m l h 5  I ~ S  1 2  9 5  R 2 s  
G P I L l X C l  b A  l l U  5P 7P R l R R /  P 0 151r 1 5 0  I P R (I A 
~ U I L I ~ C I  b 5  l P 5  5i4 7U U l R V 1  i4 P 1 2 5  1 2 5  1 5  2 5 r! 2 5  
0 U I L l S C l  8 5  I b 5  2 b  US 4 5  2 V /  q V ,  h 5 2 5  I 7 a 17 2P US 
0 9 1 L l b C I  7 5  1 7 5  3 5  TP R I O U /  (3 a d  7R 9 U 2 5 1 5  E 1 5  
R O I L I ~ C !  ne 1 9 s  2 s  5~ P O  5 5 1  a u  2 5  IS I V P  A 1 5  0 I 5  
R P l L l l C l  8 8  19P 2 5  5l' U5 5 2 1 U l  ? 5  UA b 5 2P 1 5  I S  
GOILIQCI P IOU 3 5  JB 4 5  5 2 1  a7 2 a  u 5  b~ R P m R 
B P I L 2 ( . C I  7 5  I b P  2P 7U R I R @ /  R .?U 5(n 7 8  1 2  2 5 3 3 0  
R a I L 2 1 C I  AR I 3 5  2 5 C  561 5 V /  3 U  U 9C1 q a 3 U I T  P 1 1  
E U I L ~ ~ C L  7 5  11161 2 5  5 ~ 1  511 5 v /  5 ~ 1  3~ 9 5  1 2 5  3R u u d a n  
B O I L Z ~ C I  7 5  I?S 3i4 5~ SR T P /  70 u PR 9 P 3 P 3 rn 5 15 
0 P l L Z 4 C I  7 5  I U 5  2 5  bU 5 5  5 2 /  47 2 5  1 bR I 8 5  3 5 2 5 5 3P 
BUILZSCI 7 s  IER  3 n  s n  5 n  ~ R I  5 0  C, 2 ~ 1 ~  zuu P 1 5  I I 5  
0 9 I L 2 b C l  7 8  1 1 5  2 0  4 n  4R 5 R I  5U ?R b 5  8 5  2 5 3q 1 0  a 5  
0 4 1 L Z l C I  b P  7 5  2 8  2 5  2 0  S 5 /  44 1 5  5 0 0  5 1 5  1 5  2 5 A 2 5  
0 a 1 ~ 2 8 ~ 1  7R 9 5  ZR 2 5  1 5  b 2 /  3 1  hll 5610 56R P 1 5  A 1 5  
R 4 1 L 2 9 C l  2 0  1 7 5  5 2 5  a IRII u 5 9 0  S V R  l o @ @  5 5 5 R 5 5  
0 U I L 3 0 c l  2R UP A R R R /  U R 5GR 5RP .@ I A I n  

YELATIVE PEL*  HFIGHTS ................................................................................................................................ 
3AmPLE MCA 0 1 2  F L O  4 3 P  P1.G CAI nn l  s ~ n * a o &  arm ' 'd l  r ! l t rCRbL 

i ~ i i ~ ~ ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s m ~ m ~ m m ~ m ~ m ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ ~ ~ * m 8 ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ a n ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ m m m ~ ~ m s ~ m ~ ~ ~ w * ~  
NurBLh 1Q.b 20.8 23.5 27. b 27.9 29.4 3A.b 32.1  33.2 5? .a  TUO T U E l A  ................................................................................................................................ 
8 4 I L B l c !  Yb.49 6 4 . l P  7b.92 82.55 0.0R @,OF 49.00 42.86 2 l . 8 ?  G,RA 
0 4 l L E 2 C 1  l R . 5 8  7U.3b 5 3 . 8 5  1 6 . 4 1  0.RR R.PC 5 6 , ~ ~  5 7 . l a  45.45 P.PA 
EPILRICI 7 ~ 7 . 5 ~  T h , n l  b ~ . s f i  61.71 n,un r re,ara b t . 0 6  P I , < I  I.IC 
0 O I L 0 0 C l  7b.47 5 3 . 8 5  b9.23 R2.3S 0 . n ~  0.0G 0b.RR 34.29 I 8 . 1 8  I. Am 
0 0 I L 0 S C l  bU.7l b1.5a 69.23 7b.47 U ,HU 8.PQ 72,RC 34.2Q 3 6 - 3 6  O.BP 
BOILBLCI 7a.59 6 1 . 5 ~  8 2  8 8 - 2 9  0.0R 0.AR 53,AP 28.57 36.91 0.0P 
B O I L B ~ C I  2 5  5 1 . 2 8  IRR.P@ 60.2U 0.0R e .aa . a s a m  s 7 1 u  ! h , 3 6 .  @.va 
O Q I L O U G I  r n , ~ c  u b . 1 3  bu.se ~ w r . e v  B.BR 0 , P P  P ~ : B P  82:80 5 6 - 3 6  0 . 0 ~ 1  
Q~ILBQCI 7R,99 9l,?A 7 h . P >  l b , n 7  P.PB 0 . 0 ~  ~ : * B R  48.51 er.er k.iad 
0 4 1 L I E C l  3 5b.41 76.92 7b.47 0.PP (1.00 Z7.CR l a , Z Q  18.18 R.@P 
0 4 I L l I C I  7R.59 33.85 6 9 . 2 5  10.59 I.AR 0.80 53,RR UZ,Rh Sb.36 B.AR 
e a 1 ~ 1 2 c 1  70.59 50.97 , ~ 2 . 3 5  U.AB ;:;; 3 1 , ~ ~  3 u . a ~  a 5 . r s  P . U R  
O O I L I ~ C I  7 u . j ~  ~ U . U I  1b.v.i 82.3s  @.am 3 u . u ~  p 8 . s ~  0 . ~ 8  U.@R 
E U I L l a C l  7 b , P l  55.8q 7 b 0 9 2  82.35 P,OP 0 . ~ 0  25.00 02.80 115.45 B.PL 
B O I L I S C I  IBR.00 84.b2 40.GP 52.9O R I . 8 2  4,BP 9.0P 71.43 YR.91 0.PR 
0 0 1 L l b C l  88.20 89.70 5 3 . 8 5  58.82 @.OR 4.RR l4,HR 71,113 27.27 @.Am 
0 4 1 L l l C i  90.12 IRA.AP 38.ob 58.62 7 2 - 7 9  S.P0 15.A0 B.PV 27.21 @.ma 



TABLE 3 .  CLAY l.lINEMLOGY, HENDERSON COUNTY,'ILLINOIS 
CORE SAlrPLES (0411,) 

S amp1 e Depth* Clay  Ef inera l s  ( p a r t s / l O ) +  
Number ( f t )  I l l i t e  C h l o r i t e  Expandables  

"Depth !to t o p  of  sample)  1x10~ d r i l . l i n g  r e f e r e n c e  a t  772  f t .  
nhove mean s e a  l e v e i .  

+T:aoLinite was n o t  d e t e c t e d  i n  t h m c  oomplc3. 
l I l l i t e  is poorly c r y s t a l l i n e .  



TAilLE 4 .  CLAY FlI?JT:Ib\I,OGY, 'l.'A%EWEl,L COU;JTY, ILLINOIS 
COllll SlL'fPLLS ( 0 4 I L )  

S a m p l e  Depth*  . C l a y  M i n e r a l s  ( p a r t s / l O ) +  
Number ( f t )  I l l i t e  C h l o r i t e  ~ i x e d - s t r u c t u r e  

*Depth  ( t o  t o p  o f  s a m p l e )  b e l o w  d r i l l i n g  r e f e r e n c e  a t  6 4 1  
feet a b o v e  mean s e a  l e v e l .  

+ K a o l i n i t e  was n o t  d e t e c t e d  i n  t h e s e  s a m p l e s .  



TABLE 6 .  CLAY PIINEPILOGY, USCS STANDARD 
SAMI'LE SDO-1; DUPLICATE SLIDES 

S l i d e  P r e p a r a t i o n  C l a y  M i n e r a l s  ( p a r t s / l O )  
T e c h n i q u e  S p l i t  I l l i t e  C h l o r i t e  N i x e d - S t r u c t u r e  K a o l i n i t e  

Sed i ~ n e n  t ed  

TABLE 5 .  CLAY MINERALOGY, USGS STANDARD SAPPLE SDO-1 

S l i d e  P r e p a r a t i o n  C l a y  M i n e r a l s  ( p a r t s / l O )  
T e c h n i q u e  S p l i t  ' I l l i t e  C h l o r i t e  M i x e d - S t r u c t u r e  K a o l i n i t e  

Smear  

S e d i m e n t e d  



TABLE 7 .  VITHINlTE  IIEFLECTAMCE 

EFPINGI-IAM COIJNTY, ILLINOT.5,  CORE SA'IPLES (02 IL)  

Sample  Dep t 11': Ro (%) S t d .  
Number ( f t )  R e a d i n g s  Average  D e v i a t i o n  

- - - 

D e p t h  be low l o g g i n g  r e f e r e n c e  @ 612.1. f t .  above  mean sea l e v e l .  

+ nandpicked s a m p l e  from v i t r a i n  band l y i n g  on b e d d i n g  p l a n e  ( n o t  m a c e r a t e d ) .  



I L L l T E  CHLORITE 

F i g .  1. C l a y  mine ra logy :  0 4 I L  a n d  06 IL  co res .  
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. 7 .  k l g .  2 .  C.1.a~ mineralogy: 0:l<Y, O l l i ,  021L, a n d  03I'1., cu re s .  



Ro i  I mean (O/O) 

F i g .  3 .  Mean-random v i t r i n i t e  r e f l e c t a n c e ,  i n  o i l ,  Effingham County,  I l l i n o i s  
c o r e  samples  (02IL) .  E r r o r  b a r s  co r respond  t o  + one  s t a n d a r d  
d e v i a t i o n .  Depths a r e  below r e f e r e n c e  l e v e l  of-612 f e e t  abovk 

, .mean s e a  ' l e v e l .  
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I n t r o d u c t i o n  

'I.'his p r o j e c t  i s  a  s t u d y  oE 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 c n g t t i  o f  o r i e n t e d  c o r e  o f  1)evoninn b l a c k  s h a l e  f r o m  t h e  I l l i n o i s  
B a s i n .  .. I n d e x  p r o p e r t i e s  i n c l u d e  m o i s t ~ l 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  S h o r e  I iar .dness.  1 ) i r e c t i o n a l  s e i s m i c  v e l o c i t i e s  w i l l  b e  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  tests 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  a r e  a l s o  compi l ed  as  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 .  

D e s t r u c t i v e  T e s t i n g  - 

T e s t i n g  P r o c e d u r e  

A l l  d e s t r u c t i v e  t e s t i n g  f o r  t h i s  s t u d y  i s  b e i n g  performecl o n  a 
T i n i u s - O l s e n  ?fotlel 3CIOCT-1 c o m p r e s s i o n  t e s t i n g  mach ine .  The mach ine  h a s  e l e c t r o n i c -  
l o a d  i n d i c a t o r  and s e r v o  c o n t r o l s  ( f i g . 1 ) .  A s p e c i a l l y  d e s i g n e d  s u b p r e s s  w i t h  
i n t e r c h n n p , e a b l e  F l a t  and p o i n t - l o a d  p l a t e n s  was u sed  i n  t h e  l o a d  f r a n c  f o r  e a c h  o f  
t h e  two t y p e s  of t e s t s  b e i n g  r u n .  

F i c u r e s  .2 and 3  a re  t y p i c a l  examples  o f  t e s t  r e s u l t s ,  showing tlie d a t a -  
r e c o r d i n g  s h e e t  and  tile load - t l e fo rma t ion  c u r v e .  The l o a d  c u r v e  h a s  p r o v e n  t o  b e  
a good r e c o r d  of  tile t e s t  q u a l . i t y  as  w e l l  a s  a  c h a r a c t e r i z a t i o n  of  d i s t i n c t i v e  
modes o f  f a i l u r e  f o r  t h e  v a r i o u s  l i t l i o l o y , i e s  d e s i g n a t e d .  Whi l e  n o t  s p e c i f i c a l l y  
a p a r t  o f  t!iis s t u d y ,  a n  a n a l y s i s  o f  t h e  l o a d i n g  c u r v e s  i s  i n  p r o g r e s s  and  w i l l  
b e  p r e s e n t e d  a t  a l a t e r  d a t e .  

The p o i n t - l o a d  t e s t s  a r e  pe r fo rmed  w i t h  q u i c k l y  a p p l i e d  c o m p r e s s i o n  
( a p p r o x i m a t e l y  8 cmlmin ) ,  and t h e  tes t  v a l u e  i s  r e c o r d e d  as t h e  p o i n t - l o a d  i n d e x  
( l o a d  a t  f a i l u r e  d i v i d e d  by t h e  s ample  t l l i c l cnes s  s q u a r e d ) .  Tlle 1 o a d i . n ~  p o i n t s  o f  
t h e  c o m p r e s s i o n  mach ine  a r e  ha rdened  GO-degree c o n e s  w i t h  a  5-mm r a d i u s  p o i n t .  
P o i n t - l o a d  s a m p l e s  a r e  a p p r o x i m a t e l y  t ia l f  t h e  c o r e  d i a m e t e r  i n  t h i c l t n e s s  w i t h  
e n d s  machined t o  w i t h i n  0 .05  cm p a r a l l e l i s m .  Sample p r e p a r a t i o n  f o r  t h e  p o i n t -  
l o a d  test  i s  n o t  c r i t i c a l ,  as  t h e  c r e d i b i l i t y  o f  t h e  t e s t . i s  u s u a l l y  d e t e r m i n e d  
by s p l i t t i n g  s u b p a r a l l e l  t o  t h e  b e d d i n g .  T h i s  s p l i t t i n g  i s  c a u s e d  by i r r e g u l a r  
b e d d i n g ,  f o s s i l s ,  m i n e r a l i z e d  n o d u l e s ,  o r  c o r i n g - i n d u c e d  f . r a c t u r e s .  The. f a s t  t e s t  
r a t e  (maximum mach ine  r a t e )  is t l ie  o n l y  c o n t r o l  t h a t  h a s  t e n d e d  t o  m i n i m i z e  t h e  
e f f e c t  o f  s p l i t t i n g .  

~ l ; e  i n d i r e c t - t e n s i l e  tests  a r e  pe r fo rmed  a t  a s l o w  d e f o r m a t i o n  r a t e  
( a p p r o x i m a t e l y  . 0 0 1  cm/min) ,  and  t h e  t e s t  v a l u e  is  r e c o r d e d  a s  t h e  t e n s i l e  s t r e n g t h  
( 2  x  l o a d  d i v i d e d  by  t h e  s ampla  d i a m c t e r  x sample  t h i c k n e s s  x  T r ) .  The p l a t e n s  are 
f l a t  w i t h  no c u s h i o n .  Cnlcre t h e  c o r e  h a s  v e r y  i r r e g u l a r  s i d e s  ( c o r e .  0 2 I L  o n l y ) ,  
a  t h i n  f i b e r  b o a r d  c u s h i o n  was u s e d .  A s  w i t h  t h e  p o i n t - l o a d  t e s t ,  s p l - i t t i n g  d u e  
t o  g e o l o g i c  f l a w s  was a problenl .  T h e r e  a r e  t o o  Few c o m p a r a b l e  s a m p l e s  ( l i t h o l o g y  
and  o r i e n t a t i o n )  t o  q u a n t i t a t i v e l y  assess t h e  i n f l u e n c e  o f  t h i s  s p l i t t i n g  o n  t h e  
test  r e s u l t s .  



P r o g r c s s  

Core  O l K T  

Ti le  d e s t r u c t i v e  t c s t i n g  and i n i t i a l  a n a l y s i s  of c o r e  O l K Y  h a s  been 
comple ted .  I n  summary, t h e r e  is  a  p rc f  e r r e d  o r i e n t a t i o n  (nor t l lwes t - sou t l l eas t )  . 
The d e g r e e  of e x p r e s s i o n  and t h e  o r i c n t a t i o n  appear  t o  be c o n t r o l l e d  by t h e  
l i t h o l o g y .  

' Jear-vcr t i .cn1,  n a t u r a l  f r a c t u r e s  were  no ted  i n  22 of t h e  172 samples  
t e s t e c i  l:I,e g e n e r a l  clir-ct.i.011 o f  f r a c t u r e  o r i e n t a t i o n  i s  n o r t h w e s t - s o u t t ~ e a s t  

0 0 0 
w i t 1 1  1 3  fractures c,ricnterl 135 /315 +23 , and 7 f r a c t u r e s  o r i e n t e t l  9 0 ~ / 2 7 0 ~ + 1 0 ~ .  - - 
F i g u r e  Ltn s r~mmar izes  t l icse  t ln ta .  

The p o i n t - l o a d  t c s t  was pcrforr.liet1 on 75 saorples,  tllost of wl~ic l l  were 
l i t h o l o y , i c s  I T 1  (poor1.v lclminntcd brownisl l-black s h a l e s )  o r  'LV ( f i n e l y  lomtna ted  
brownish-blaclc s!l:lles). P i r ,ure  5 sliows tllc p o s i t i o n  of t h e  r e s u l t i n g  F r a c t u r e s .  
The f r a c t u r e s  r e s u l t i n g  from tllc po in t - load  t e s t s  show n p r e f e r r e d  o r i e n t a t i o n  
o f  130U/310" f o r  l j . t l~ol .oy, ies  I:L-1 and :C.V ( p o o r l y  1.aminated and f i n e l y  .!.aminntcd 
b rownish-b lack  s l l a 1 . e ~ ) .  Li . tholoffy  I T .  ( i n d i s t i n c t l y  bedtled o l i v e - g r a y  s h a l c s )  
llntl o n l y  1.0 samples  and si~owed c o n s i d e r a b l e  s c a t t e r  i n  o r i ~ n t a t i o n  r e l a t i v e  t o  
1 - i t h o l o g i e s  I11 and I V  ( s e e  f i g s .  4b , c  , d )  . 

Tlle i n t l i r e c t  t c n s l l e  t c s t  r . J a s  performed on 97 samples .  Pi.p,ure 6 
summari.zcs t h e  r e s u l t s .  The p reEcr red  o r i c n t a t i o n  shown by t h e  i n d i . r e c t  t e n s i l e  
s t r e n p . t h  (normal t o  a x i s  of  t e s t i n g )  is  g e n c r a l l y  compat ib le  w i t h  t h e  p o i n t -  
l o a d  t c s t  d a t a .  Ilowever, t l le  r e l a t i v e  p r e f e r e n c e  ( f i g .  6 )  i s  s m a l l  ( r a t i o  of 
maximum v a l u e  t o  mj.niaiu~n i s  1 . 1 6 )  f o r  a l l  t e s t  v a l u e s .  I:~.lr thermore  , s u b d i v i s i o n  
by l i t h o l o y , y  i s  i n c o n c l . u s i v c  a t  t h i s  p o i n t  due  t o  t h e  s m a l l  number of samples.  
n v n i l a b l c  f o r  t c n t i n g  . 

As n rcsu1. t  of poor c o r c  r e c o v e r y  and ques t iona1) le  o r i e n t a t i o n  of  
a v a i l a b l e  c o r e ,  t lle r c s r ~ l t s  of tlic d e s t r u c t i v e  t e s t i n g  a r e  of q u e s t i o n a b l e  
v a l u e .  'Figure 7 shows t l ~ a t  one-tllircl of t l le  c o r e  was e i t h e r  broken o r  l o s t  a t  
t h e  t i m e  of t l r i l l i n y , .  A n o t i ~ e r  o n e - t h i r d  of t h e  c o r e  was e i t h e r  u n o r i e n t e d  o r  
ur lable  t o  be o r i e n t e d  (Ilad m u l t i p l e  o r i c n t a t i o n  Grooves o r  s p i r a l i n g  o r i e n t a t i o n  
g r o o v e s ) .  lz'liere q u e s t i o n a b l e  c o r c  was o r i e n t e d ,  i t  was clone by compar ison with 
a d j a c e n t  o r i c n t c d  c o r c .  

I n  sumnlary, t h i s  c o r e  i s  of q u e s t i o n a b l e  v a l u e  f o r  o r i e n t a t i o n  work and 
sIlou1.d proba1)ly I,e rey,nrded as a n  u n o r i e n t e d  c o r e .  

'I:lie c l i s t r i b u t i o n  of d c s t r r l c t i v e  t e s t  samples  by l i t h o l o p , y  is  a s  f o l l o w s :  

T e s t  - I I I I I:, I11 IIIb 
,? 

I V a  
-- - a  -- - IVb  - 

Point-Load 5 - 2 - 2 2  2  

I n d i r e c t -  
l ' cns i le .  2  2  1 3 2 9 - 
A s  w i t h  c o r e  011<Y, most of  t h e  samples  a r e  t h e  brownisl i-black s h a l e  

( l i t h o l o g i e s  111 and IV) .  



The r e s u l t s  of t i l e  po in t - load  t e s t s  ( f i g s .  8 and 9)  show a p r e f e r r e d  
i c n t a t i o n  n o r t h e a s t / s o u t h v c s t  . Tlic c o r e  11nd n i n e  d a t a  s c t s ,  two of  wliich, 
ILOG and 02T1.07, o f f e r e d  no d e s t r u c t i v e  t e s t  samples .  Fur the rmore ,  d a t a  sets 

02IL01 and 021L09 arc l a r g e l y  t h e  l i m e s t o n e  from above and 1)clow t h e  New Albany. 

The i n d i r e c t - t e n s i l e  test  w a s  performed o n  37 samples .  F i g u r e  10  sum- 
m a r i z e s  t h e  r e s u l t s .  There  is  a  p reEer red  o r i e n t a t i o n  i n d i c a t e d .  This is 
c o m p a t i b l e  w i t h  t h e  po in t - load  tes t  r e s u l t s ;  however, i t  is based o n  a small 
number of  samples .  



Fig.  1 .  Compressior. Testing Machiae, Model 3QQCT-1. 
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F i g = 2 .  Example of a point-load test data sheet. A typical load deformation curve shows a peak for  =he i n i t i a l  
seating of the point followed by loading to  fa i lure .  The orientation of the result ing fracture(s)  is 
shown st the right a s  "inode of fa i lure ."  
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F i g .  3 .  Example of an indirect- tensi le  t e s t  (Brazilian s p l i t )  data sheet. The %ode of failure diagram a t  
the right  shows the test d irec t ion  and the result ing fractures,  re la t ive  to the core orientation.  



Fig. 4. Frequency plot of fracture orientations core O l K Y .  
a) natural f r a r . t ~ ~ r r s  

b) point-load fractures, all tests 
c) point-load fractures, finely laminated brownish-black shales 
d) point-load f-ractures, poorly laminated brownish-black shales 
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Fig. 5. Position of fractures resulting from point-load testing, 
lithologies 11, 111, IVY core OlKY. Fractures resulted from 
a point load applied at the center of the circle (core). 



k'ig. 6 .  R e 1 a t i . v ~  p r e f e r e n c e  of o r i e n t a t i o n  of i n d i r e c t - t e n s i l e  s t r e n g t h  
a v e r a g e  s t r c n g t l l  f o r  each of t h e  s i x  t e s t  d i r e c t i o n s  is p r o p o r t  
t h e  t l  i s tnnr-c  f r r l m  t lw c e n t e r  of t lm diagram.  

. The 
i o n a l  t o  



P i g .  7 .  O u n l i t y  of o r i e n t e d  core, core 02IL. 



- .  r l g .  E .  Position of fractures resulting from point-load testing, lithologies 11, 111, IV and limestone, core 02IL. 



F i g .  9 ,  Frequency p l o t  o f  f r n c . t ~ ~ r r .  n r i c n t n t i n n s ,  r n r p  03TT, .  



Fig. 10. Relative preference of orientation of indirect tensile strength, 
lithologies 11, 111, IV and limestone, core 02IL. 



GEOCHEMICAL CHARACTERIZATION 

QUANTITATIVE DETERMINATION OF MAJOR, 
MINOR, AND TRACE ELEMENTS I N  SHALES ---- + -- 

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

De te rmine  n o t  l e s s  t h a n  49 m a j o r ,  m i n o r ,  and  trace e l e m e n t s  i n  300-500 
s h a l e  s a m p l e s ,  wh ich  a re  r e p r e s e n t a t i v e  c r o s s  s e c t i o n s  o f  t h e  c o r e s  t a k e n .  I n c l u d e  
o r g a n i c  and  m i n e r a l  c a r b o n ;  t o t a l  hydrogen ;  p y r i t i c * ,  s u l f a t e * ,  and  t o t a l  s u l f u r ;  
e x c h a n g c a b l c  c a t i o n s  (Ca ,  N a ,  K ,  Mg); and  Lase  exchange  c a p a c i t y .  A l s o ,  r e p o r t  
o t h e r  e l e m e n t s  o b s e r v e d  d u r i n g  no rma l  r o u t i n e  a n a l y s i s .  The  d a t a  g e n e r a t e d  w i l l  
b e  u s e d  t o  e v a l u a t e  1) t h e  p o t e n t i a l  economic i m p o r t a n c e  o f  t r a c e  e l e m e n t  concen-  
t r a t i o n s  i n  o r g a n i c - r i c h  s h a l e s ,  2 )  new g e o c h e m i c a l  e x p l o r a t i o n  t e c h n i q u e s  f o r  n a t -  
u r d l  g a s , '  3 )  t r a c e  e l e m e n t  e n r i c h m e n t  i n  s h a l e  o r g a n i c  m a t t e r ,  4 )  t h e  o c c u r r e n c e  
o f  heavy  m e t a l  s u l f i d e s  i n  s h a l e ,  5)  p o t e n t i a l  c a t a l y t i c  e f f e c t s  o f  t r a c e  e l e m e n t s  
o n  s h a l e  p y r o l y s i s  y i e l d s ,  and 6 )  p o t e n t i a l  d i s p o s a l  p r o b l e m s . .  

* Where t o t a l  s u l f u r  e x c e e d s  0.5% 

E l e m e n t a l  A n a l y s i s  

P r o g r e s s  

A t t a c h e d  i s  t h e  l a t e s t  computer  p r i n t - o u t  o f  c h e m i c a l  a n a l y s e s  comple t ed  
a n d  e n t e r e d  a s  o f  March 1978 .  The p r i n t - o u t  d a t a  a re  compr i sed  o f  a n  u p d a t i n g  o f  
r e s u l t s  p r e v i o u s l y  r e p o r t e d  f o r  37 c o r e  s a m p l e s  and  r e s u l t s  o f  a n a l y s e s  o f  2 0  
new s h a l e s .  S t a t i s t i c a l  e v a l u a t i o n s ,  i n t e r p r e t a t i o n s  e t c .  mus t  await c o m p l e t i o n  
o f  a d d i t i o n a l  a n a l y s e s .  I n  t h i s  r e g a r d ,  a n a l y t i c a l  p r o g r e s s  i s  on  s c h e d u l e  and  no  
u n s o l v a b l e  p r o b l e m s  a r e  f o r e s e e n  a t  t h i s  t i m e .  

TRACE ELEMENT DISTRIBUTION I N  ORGANIC 
AND INORGANIC FRACTIONS OF SHALE 

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

Develop  c h e m i c a l  a n d / o r  p h y s i c a l  me thods  f o r  t h e  s e p a r a t i o n .  o f  t h e  
o r g a n i c  and  i n o r g a n i c  p h a s e s  o f  s h a l e s ,  and  d e t e r m i n e  t h e  t r a c e  e l e m e n t s  t h a t  are  
a s s o c i a t e d  w i t h  e a c h  ' phase .  Methods t e s t e d  i n c l - u d e  f l . oa t . - s ink  g r a v i t y  s e p a r a t i o n s ,  
m e c h a n i c a l  s e p a r a t i o n s  (Humphrey S p i r a l ) ,  a c i d  e x t r a c t i o n s ,  and  z o n a l  c e n t r i f u g a t i o n .  
Compare r e s u l t s  o f  a n a l y s e s  f o r  . t e n  s h a l e s ,  t h e i r  g r a v i t y  f r a c t i o n s ,  and  t h e i r  
s e p a r a t e d  o r g a n i c  p h a s e s  t o  d e t e r m i n e  t h e  elements c l o s e l y  associat.ed w i t . h  nrganic 
matter .  S e p a r a t i o n  p r o c e d u r e s  t h a t  a re  mos t  p r o m i s i n g  w i l l  b e  u s e d  to  s t u d y  f u r t h e r  
t h e  o r g a n i c a l l y  combined t r a c e  e l e m e n t s  i n  a d d i t i o n a l  s h a l e  s amples .  T h i s  r e s e a r c h  
i s  d e s i g n e d  t o  y i e l d  new i n f o r m a t i o n  c o n c e r n i n q  c h e m i c a l  v a r i a t i o n s  i n  s h a l e  o r g a n i c  
m a t t e r ,  which i s  t h e  s h a l e  component  a b o u t  which  l i t t l e  i s  known and  which  may b e  
t h e  m o s t  c h a r a c t e r i s t i c  f e a t u r e  o f  g a s - b e a r i n g  s h a l e s .  
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Develo~ment of Seuaration Methods 

Progress 

Investigations have continued on the development of methods which can be 
utilized to demineralize shales. Standard float-sink procedures, the Humphrey 
Spiral, .and froth flotation procedures did not produce an organic fraction deemed 
satisfactory for this study. Funds have just become available for the purchase of 
zonal centrifugation equipment, considered necessary for such separations. 

However, results of the investigation have led to development of the 
following scheme which should yield valuable information: 

1. Pulverize, shale to less than 325 mesh 
2. React sample with 1N NH AC for exchangeable cations 
3. React sample with 1N HCf to remove chelated elements 
4. Reflux sample with benzene and methyl alcohol to extract bitumens 
5. Reflux sample with HNO to remove pyrite etc. 

3 
6. React sample with HF to remove silicates 
7. Reflux sample with HC1 to remove fluorides 
8. Float residue at 1.40 specific gravity to remove insoluble titanium 

minerals 

This procedure wiil yield significant information about the associations 
of various elements. Optimization of the scheme is still necessary, but until 
zonal centrifugation equipment is received, it seems to be,a reasonable approach. 
Data, however, will need careful and, perhaps, qualified interpretation. 

Characterization of Elemental Concentrations in Separated Shale Fractions 

Progress 

Data collected thus far indicate that very few elements show a significant 
cunceritracion in che shale organic-rich fraction. ~ o s t  eiements are- depleted to 
about 5-10% of concentration found in the whole shale material. 

~ o s t  of the data acquired so far have been from developmental procedure. 
and from fractions of different samples. During the next quarter, the procedure 
outlined above will be applied to fractions of the same shale samples and should 
allow a much improved characterization of elemental associations. 

MODE OF OCCURRENCE AND RELATIVE DISTRIBUTION 
OF HYDROCARBON PHASES IN SHALE . . -. - . .- - - 

Introduction 

Determine the character of off-gases from approximately 10-foot intervals 
in cores collected in the Illinois Basin. In addition, determine the relative dis- 
tribution of.hydrocarbons in ten specially prepared core samples, which are the 
same as 'those in previous unit. Preserve the samples in airtight containers and 
subsequently analyze them for evolved gases; highly volatile, low-molecular weight 
liquids; medium-volatile hydrocarbons; and solvent-extracted, low volatile hydro- 
carbons using GC-MS methods. Determine non-volatile, high-molecular weight hydro- 
carbons by GC analysis of shale pyrolytic products. 



Determine the carbon isotopic composition of methane in off-gases from 
core samples whenever sufficient methane can be collected. Compare this data to 
other pertinent data such as gas composition and vitrinite reflectance for the. 
purpose of making interpretations as to the origin and maturity of the gas. Perform 
laboratory experiments to study the relative effects and significance of chemical 
and isotopic fractionation that occur as gas is released from core samples. 

Data accumulated can be evaluated to gain a better understanding of 
the origin, migration, and location of natural gas associated with the shales. 

Released Gas Analysis 

Progress 

Studies of released qases from all cores colLected i n  the Illinois Rasin 
have been completed, and no new core samples have become ava i lab le .  

Medium Volatile Hydrocarbon Analyses 

P ~ u y r e s s  

Progress on this,project has been minimal due to the delay in purchase 
of necessary gas chromatographic equipment. Word has been received indicating that 
funds are being made available. In the interim the bidding process for the equip- 
ment has been completed and the final orders have been prepared. 

The project is 7 to 8 months bchind schedule. However, with limited 
equipment already available, the preliminary analysis o f  two standard black shale 
samples has been started. Other samples (2) are being prepared for analysis. 

LOW-Volatile ~ydrocarbon Analysis 

(See Medium Volatile above.) 

Isotopic Analysis .-z.Ac -- of -. -. off-Gases - -, . 

No additional' cores have been made available c o n t a i n i n g  s u f f i c i e n t  
methane for an isotopic analysis. 

Laboratory Study ot Chemical and Isotopic Fractionation 

(Titled "Carbon-13/Carbon-12 Studies" in January 1978 Report) 

Progress 

The co're sample that was pressurized with natural gas at 3.000 psi. ~ o n t . i . r - . - ~  
to outgas for more than 6 months after the pressure was released. Because the otk 
samples from this core stopped outgassing a few weeks after they were initially 
collected, it is apparent that the initial pressure within this core was much 
lower than that used in this experiment. Future experiments will be carried out 
at much lower pressures. 



The r e s u l t s  o f  t h e  a n a l y s e s  o f  t h e  g a s  r e l e a s e d  f rom t h e  p r e s s u r i z e d  
s h a l e  s a m p l e s  a r e  summarized i n  f i g u r e  ] - a s  a f u n c t i o n  o f  t h e  t i m e  ( i n  d a y s )  a f t e r  
t h e  i n i t i a l  p r e s s u r e  r e l e a s e  ( a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  p r o c e d u r e  was g i v e n  
i n  t h e  l a s t  a n n u a l  r e p o r t ) .  O u t g a s s i n g  had e s s e n t i a l l y  s t o p p e d  when t h e  l a s t  
g a s  sample  shown on  f i g u r e  1 was c o l l e c t e d .  A f t e r  t h i s  g a s  s ample  was c o l l e c t e d ,  
t h e  c o r e  sample  was p a r t i a l l y  e v a c u a t e d  ( t o  20"  o f  m e r c u r y ) .  A l though  t h e  p r e s s u r e  
i s  b u i l d i n g ,  it i s  v e r y  s l o w  i m p l y i n g  t h a t  t h e r e  i s  v e r y  l i t t l e  g a s  l e f t  i n  t h e  
s h a l e .  

The d a t a  show t h a t  t h e  f i r s t  g a s  r e l e a s e d  ( a f t e r  t h e  i n i t i a l  p r e s s u r e  
b l e e d  down) was d e p l e t e d  i n  methane  r e l a t i v e  t o  t h e  g a s  t h a t  was i n j e c t e d .  T h i s  
i s  n o t  e n t i r e l y  what  would b e  ex ,pec t ed .  A s  d i s c u s s e d  i n  t h e  a n n u a l  r e p o r t ,  i t  i s  
b e l i e v e d  t h a t  t h e  g a s  had n o t  e q u i l i b r a t e d  w i t h  t h e  s h a l e  b e f o r e  d e g a s s i n g  w a s  
i n i t i a t e d .  A l s o ,  a l l  o f  t h e  g a s  s a m p l e s  a r e  d e p l e t e d  i n  CH r e l a t i v e  t o  t h e  i n i t i a l  

4  
g a s  i n d i c a t i n q  t h a t  t h e r e  must  have  been  a  s i g n i f i c a n t  l o s s  o f  CH'  - r i c h  g a s  some- 

4  
t i m e  d u r i n g  t h e  e x p e r i m e n t .  T h e r e f o r e  t h e r e  mus t  have  been  a  l e a k  i n  t h e  s y s t e m ,  
p o s s i b l y  o f  m o l e c u l a r  s i z e  s u c h  t h a t  CI.1 was l o s t  p r e f e r e n t i a l l y .  

4  

The i s o t o p i c  d a t a  a r t ? a l s o  n o t  e n t i r e l y  u n d e r s t o o d .  F i g u r e  1 shows t h a t  
a l l  o f  t h e  o f f g a s  i s  i s o t o p i c a l l y  l i g h t e r  t h a n  t h e  i n i t i a l  g a s .  Dur ing  t h e  p e r i o d  

f r p g  1 0  t o  25  d a y s ' a f t e r  t h e  i n i t i a l  p r e s s u r e  l e a k ,  t h e r e  was a n  i n c r e a s e  i n  t h e  
6C . v a l u e  f o r  methane .  T h i s  may have  been  t h e  p e r i o d  d u r i n g  which  t h e  l e a k a g e  
o c c u r r e d .  A l though  t h e r e  was a  small l e a k  d e t e c t e d  l a t e r  i n  t h e  e x p e r i m e n t ,  t h i s  1 

l e a k  d o e s  n o t  a p p e a r  t o  e x p l a i n  t h e  c h a n g e s  o b s e r v e d .  

I n  a n  a t t e m p t  t o  e l i m i n a t e  some o f  t h e  p r o b l e m s  e n c o u n t e r e d ,  f u t u r e  
e x p e r i m e n t s  w i l l  b e  c a r r i e d  o u t  u s i n g  3 /4- inch  d i a m e t e r  c o r e s  i n s t e a d  o f  t h e  4 - inch  
c o r e  u s e d  i n  t h i s  e x p e r i m e n t .  S e v e r a l  c o r e s  w i l l  b e  p r e s s u r i z e d  s i m u l t a n e o u s l y  and 
t h e  p r e s s u r e  v e s s e l s  w i l l  be  k e p t  submerged i n  w a t e r  s o  t h a t  l e a k s  c a n  b e  d e t e c t e d .  - , 
These  s a m p l e s  w i l l  t h e n  b e  d e g a s s e d  a f t e r  h a v i n g  been  p r e s s u r i z e d  f o r  d i f f e r e n t  c .I 

l e n g t h s  o f  t i m e .  

P rob lems  

C o r i t i n u a t i o n  o f  t h e  d e c f a s i f i c a t i o n  e x p e r i m e n t s  a w a i t s  r e l e a s e  o f  f u n d s  
f o r  t h e  p u r c h a s e  o f  some n e c e s s a r y  equ ipmen t .  

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

With n i t r o g e n  and  c a r b o n  d i o x i d e ,  d e t e r m i n e  i n t e r n a l  s u r f a c e  a r e a  on  
s h a l e  c o r e  s a m p l e s ;  on s e l e c t e d  s a m p l e s ,  u s e  methane  a s  t h e  a d s o r b a t e  ( s o r b a t e )  
a t  p r e s s u r e s  w i t h i n  t h e  r a n g e  o f  1 t o  80 a t m o s p h e r e s .  Comparison o f  t h e s e  
p r o p e r t i e s  i n  g a s - p r o d u c i n g  and non-gas-producing  s h a l e s  w i l l  b e  mdade t o  d e t e r m i n e  
t h e  r e l a t i o n s h i p  o f  s h a l e  p h y s i c a l  p r o p e r t i e s  t o  g a s  r e c o v e r y .  



Fig .  1. Composition of off-gas during degasification 
experiments. Arrows indicate the ,composition 
of thc gas originally injected. 
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I n t e r n a l  S u r f a c e  Area Measurement 

P r o g r e s s  

I n t e r n a l  s u r f a c e  a r e a  measurements  w i t h  c a r b o n  d i o x i d e  and n i t r o g e n  as  
a d s o r b a t e s  w e r e  comple t ed  o n  twenty- two s a m p l e s  f rom a T a z e w e l l  Coun ty ,  I l l i n o i s  
c o r e .  V a l u e s  were  r e p o r t e d  i n  o u r  F e b r u a r y ,  1978 mon th ly  r e p o r t .  The o r g a n i c  
c a r b o n  c o n t e n t  o f  s amp1 .e~  from t h i s  c o r e  was r e l a t i v e l y  low. A s  a c o n s e q u e n c e ,  
t h e r e  w a s ' l i t t l e  p l u g g i n g  o f  p o r e s  by o r g a n i c  m a t t e r .  I n t e r n a l  s u r f a c e  a r e a  
v a l u e s  u s i n g  n i t r o g e n  a s  . t h e  a d s o r b a t e  were  similar t o  t h o s e  o b t a i n e d  w i t h  c a r b o n  
d i o x i d e  a s  t h e  a d s o r b a t e .  

Samples  from t h e  I l l i n o i s  B a s i n  f o l l o w  t h e  same p a t t e r n .  With  i n c r e a s i n g  
o r g a n i c  c a r b o n  c o n t e n t  t h e r e  i s  i n c r e a s e d  p o r e - p l u g g i n g  i n  t h e  s h a l e s ,  l e a d i n g  t o  
low i n t e r n a l  s u r f a c e  area v a l u e s  ( less t h a n  5 m2/g) from n i t r o g e n  a d s o r p t i o n ,  
whereas  t h e  i n t e r n a l  s u r f a c e  a r e a  v a l u e s  from c a r b o n  d i o x i d e  r ema in  l a r g e  ( u p  t o  
39 m2/g ) .  

We r e c e n t l y  s t u d i e d  some s a m p l e s  w i t h  h i g h  o r g a n i c  m a t t e r  c o n t e n t  f rom 
t h e  A p p a l a c h i a n  B a s i n  t h a t  d i d  n o t  behave  s i m i l a r l y .  They were  s u p p l i e d  by 
D r .  J .  B a r r y  Maynard ( U n i v e r s i t y  o f  C i n c i n n a t i ) .  V a l u e s  are  shown i n  t h e  accompany- 

. . 
i n y  t a b l e  1. 

The f i r s t  e i g h t  s a m p l e s  i n  t h e  t a b l e  d o  n o t  e x h i b i t  t h e  a f o r e - m e n t i o n e d  
anomalous  c h a r a c t e r i s t i c .  A l though  f l u c t u a t i o n s  i n  b o t h  CO2 a n d  N 2  v a l u e s  o c c u r ,  
N 2  g e n e r a l l y  h a s  more d i f f i c u l t y  i n  p e r m e a t i n g  t h e  s h a l e s  t h a n  d o e s  CO2 d u e  t o  
t h e  p a r t i a l  c l o g g i n g  o f  p o r e s  w i t h  o r g a n i c  matter. I n  c o n t r a s t ,  t h e  Wise C o . ,  VA 
s h a l e  s amples  a r e  j u s t  a s  p e r m e a b l e  t o  N z  a s  t h e y  are t o  C02. (No te  t h e  low C02/N2 
r a t i o s  o f  a b o u t  1 . 0 . )  The Wise Co. s a m p l e s  a r e  d a r k ,  and v e r y  l i k e l y  c o n t a i n  
r e l a t i v e l y  h i g h  c a r b o n  p e r c e n t a g e s ,  T h i s  k i n d  o f  b e h a v i o r  h a s  n o t  been  o b s e r v e d  
i n  I l l i n o i s  B a s i n  s a m p l e s  which c o n t a i n  h i g h  o r g a n i c  c a r b o n  c o n t e n t s ,  a l t h o u g h  it 
i s  t y p i c a l  b e h a v i o r  f o r  n o r t h e r n  I l l i n o i s  B a s i n  s a m p l e s  which  a r e  g r a y  and c o n t a i n  
l i t t l e  o r g a n i c  matter .  

A s  we r e p o r t e d  a t  t h e  F i r s t  E a s t e r n  Gas S h a l e s  Symposium (Morgantown - 
O c t o b e r  1 7 ,  18, 1 9 ,  1 9 7 7 ) , N 2  i n t e r n a l  s u r f a c e  a r e a  v a l u e s  c a n  b e  marked ly  i n c r e a s e d  
f o r  d a r k  s a m p l e s  f rom t h e  I l l i n o i s  B a s i n  w i t h o u t  s i g n i f i c a n t l y  c h a n g i n g  t h e  COz ISA 

0 
v a l u e s .  T h i s  was a c c o m p l i s h e d  by o u t g a s s i n g  t h e  s a m p l e s  a t  300 C, w h i l e  l o s i n g  
a p p r o x i m a t e l y  6% o f  t h e  v o l a t i l e  m a t t e r .  

Deeper  b u r i a l  d e p t h ,  w i t h  t h e  c o n s e q u e n t  h i g h e r  t e m p e r a t u r e s  f o r  t h e  
Wise Co. s a m p l e s ,  may have  induced  a  g r e a t e r  loss  o f  low m o l e c u l a r  w e i g h t  v o l a t i l e  
matter r e s u l t i n g  i n  a more m a t u r e  s h a l e  t h a n  t h o s e  from t h e  I l l i n o i s  B a s i n  and t h e  
f i r s t  e i q h t  s amples  shown i n  t h e  t a b l e .  However, w e  have  examined o n e  sample  f rom 
a  d e e p  c o r e  n e a r  t h e  c e n t e r  o f  t h e  I l l i n o i s  B a s l n  ( w h i t e  C u . ,  I l l . )  - the aamplc  
coming from 4673  f e e t ,  which i s  a comparab le  d e p t h  as  p r e s e n t  t o  t h o s e  from Wise 
Co. , Va - and found  t h a t  t h e  N 2  ISA was 2 .55  m2/g, t h e  COz ISA was 1 2 . 9  m2/g, and 
t h e  COz/N2 ISA r a t i o  w a s  a b o u t  5 .0 .  T h u s ,  it is l i k e l y  t h a t  t h i s  b u r i a l  d e p t h  
i s  s t i l l  i n s u f f i c i e n t  t o  open  t h e  p o r e s  i n  t h e  Whi te  Co. s ample  t o  t h e  same 
e x t e n t  as i n  t h e  Wise Co. s a m p l e s .  P e r h a p s  t h e  Wise Co. s a m p l e s , w e r e  a t  o n e  t i m e  
more d e e p l y  b u r i e d  t h a n  a t  p r e s e n t ,  o r  p e r h a p s  t h e r e  h a v e  been  f o r c e s  a t  work which  
have  g e n e r a t e d  s t i l l  g r e a t e r  t e m p e r a t u r e s  i n  t h e  s h a l e  t h a n  mere  d e p t h  o f  b u r i a l  
would i.nt.l:i.i.:ai:~. 



Table 1. Internal Surface Area Values for Selected Samples from the 
Appalachian Basin 

Sample C02 ISA N2 ISA COZ/NP 

KY- 

KY- 

KY- 

KY- 

Ky. 

KY- 

KY- 

Ky. 

Va . 

va. 

V a .  

va . 
Va . 

Va . 

Va . 

V a  . 

PM 214 

PM 234 

Perry Co., 2 3 7 5  

Perry Co., 2399 

Perry Co., 2410 

Martin Co., 2432.8 

Martin Co., 2488.4 

Martin Co., 2504.8 

Wise Co. , 

Wise Co., 

wise Co., 

Wlse Co., 

iJLse ( :6 .  , 

Wise Co., 

Wise Co. , 

Wise Co, , 



Studies  a t  p resen t  a r e  being made on t h i r t y  samples from Henderson County, 
I l l i n o i s .  Data f o r  these  samples w i l l  appear i n  t h e  Apr i l  monthly repor t .  

SDO-1 standard sha le  sample gave t h e  following values:  

COz ISA = 36.4  m2/g 
N P  ISA = 4.57 m2/g 

C02/N2  ISA = Q8 

Methane Adsorption Isotherms 

Progress 

Methane adsorpt ion  isotherms a t  high p ressures  (1 t o  80 atmospheres 
and, i n  some cases ,  up t o  100 atmospheres) a r e  being obtained on se lec ted  sha le  
samples from d i f f e r e n t  cores.  Se lec t ions  a r e  based on v a r i a t i o n s  i n  the  
i n t e r n a l  su r face  a rea  measurements made with n i t rogen and carbon dioxide. These 
measurements a r e  non-routine because t h e  d i f f u s i o n  r a t e  o f  methane i n t o  t h e  f i n e  
pore s t r u c t u r e s  of samples containing r e l a t i v e l y  high organic  matter  con ten t s  is low, 
and severa l  hours a r e  needed f o r  equil ibrium t o  be reached a t  each experimental 
pressure .  Thus f a r ,  n ine  samples have been evaluated - t h r e e  from t h e  Chr i s t i an  
Co., K y  core ,  t h r e e  from t h e  Sangamon Co., I11 core ,  and t h r e e  from Effingham Co., 
I11 core  (shown on f i g .  2 ) .  Greater  adsorpt ion  of  methane a t  increased 
pressures  is shown by samples containing t h e  higher organic  carbon contents .  W e  
do not  know a t  t h i s  time haw much of t h i s  increased adsorpt ion  i s  assoc ia ted  with 
u l t ramicroporos i ty  (g rea te r  su r face  a rea )  and how much may be assoc ia ted  wi th  
increased s o l u b i l i t y  of methane i n  the  organic  mat ter  phases t h a t  a r e  present .  

To he lp  i n  t h i s  regard,  w e  a r e  obta in ing f o r  comparative purposes t h e  
methane adsorpt ion  isotherms f o r  molecular s i e v e s  having d i f f e r e n t  pore  s i z e s .  We 
a r e  a l s o  s t u d r i n j  t h e  d i f f u s i o n  k i n e t i c s  o f  methane from t h e  s h a l e s  by reducing 
t h e  p ressure  (from an i n i t i a l  80 atmospheres) t o  1 atmosphere r a t h e r  suddenly, and 
then measuring t h e  r e l e a s e  r a t e  while maintaining atmospheric pressure .  S u f f i c i e n t  
da ta  have not  y e t  been generated f o r  formal p resen ta t ion .  





The I l l i n o i s  Su rvey  :las b e e n  d e s i g n a t e d  t o  r e c e i v e  a l l  d a t a  o n  t h e  
DOE E a s t e r n  Gas S h a l c s  P r o j e c t  t h a t  p e r t a i n  t o  t h e  I l l i n o i s  R a s i n .  Some of  
t h e  d a t a  m a y , b e  s e n t  o n  t o  I'ctr:,l.cum I n f o r m a t i o n .  A t o t a l  o f  s i x  c o n t r a c t o r s ,  
i n c l u d i n g  t h e  I l l i n o i s  S u r v e y ,  p l u s  tile U.S. G e o l o g i c a l  S u r v e y ,  a r e  g e n e r a t i n g  
o r  g a t h e r i n g  d a t a  p e r t a i n i n g  t o  t h e  I l l i n o i s  B a s i n .  Encotling fo rms  i.n u s e  
a t  t h e  I l l i n o i s  S u r v e y  are b e i n g  s e n t  t o  the c o n t r a c t o r s  f o r  t h e i r  u s e ,  i f  
t h e y  s o  d e s i r e .  PlIiJEK3 c a n  a c c e p t  any  f i l e  f o r m a t ,  however .  

?louncl L a b o r a t o r y  i s  tlie o n l y  c o n t r a c t o r  t o  havc  s e n t  a n y  d a t a  s o  
f a r .  Some d e t e r m i n a t i o n s  o n  a  I<entuclcy c o r e  were  s e n t  t o  t h e  I l l i r l o i s  Su rvey  
o n  a f l o p p y  d i s k .  

?lINEP\AL RESOURCES EVALUATION -- SYSTEM (MINERS) - 

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  deve lopmen t  of  a  P l i n e r a l  Resources E v a l u a t i o n  
Sys tem t h a t  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  
C C U ~ ~ Q P  of t he  Ilmrnninn h l  ~ ~ l i  s1inl.e n f  the I l l ino i s  E 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 .  

P r o g r e s s  

The end o f  t h e  t i m e  p e r i o d  c o v e r e d  i n  t h i s  q u a r t e r l y  r e p o r t  i s  a l s o  
a m i l e s t o n e .  C o m p l e t i o n  of  tI1i.s p o r t i o n  o f  MINLYl<S was s che t lu l ed  f o r  t h e  end of  
I.farc11 1 9 7 8 .  ? los t  o f  t i l e  programminy, r e q u i r e d  f o r  f i l e  g e n e r a t i o n  arid m a i n t e n a n c e  
11as l ~ c e ~ l  cuit~pl.eteJ, d ~ i l  r,iost of i t  t e s t e d .  I - l o ~ . ~ ~ v e r ,  we a r e  a h n l ~ r  10 pe rcen t ;  
b e h i n d  and a r e  s t i l l  c o d i n g  some r o u t i n e s .  

Il'e hnve  n o t  e n c o u n t e r e d  a n y  p r n l ) l e a ~ s  t h a t  p r e s e n t  h u r d l e s  and a r e  
n o t  c o n c e r n e d  wit11 t h e  s l i p p a g e  i n  s c l i c d u l e .  



:)esi~,l i  of  t h e  d a t a  b n s c ,  t h e  r e c o r d  managemen t r o u t i n e s ,  and f i l e  
management r o ~ l t l i n c s  a r e  completed and i n  1:10st c a s e s  t c s t c t l .  Only t i l e  o p e r a t i n g  
s y s  tern i n t e r f a c e ,  ant1 t h c  r o u t i n e s  wilicll c o ~ n m u n i c a t e  w i t 1 1  t h e  1B:I-360 s y s t e m  t a b l e s  
and  are  w r i t  t e n  i n  ASSK?iB%ER LANGUAGE, a r c  i n c o l ~ i p l e t e .  

P r o g r e s s  

Many o f  t l l c  rout l i .ncs  u sed  i n  f i l e  g e n e r a t i o n  a r e  a l s o  u sed  i n  r e t r i e v a l .  
l i e n c e ,  a b o u t  one-11alf t l ~ e  expec  tell  programming has a l r e a d y  hecn  c . sml~ le ted .  
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