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GEOLOGI ChL EVALUATION 

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

T h i s  p r o j e c t  is  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  of 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  are most r e l e v a n t  t o  t h e  o c c u r r e n c e  of 
hydrocarbons .  

 his 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 based 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  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  f r o m . t h e  s t u d i e s  of 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 g  d a t a .  

Advise .DOE on D r i l l i n g  

A c o r e  o f  approx imate ly  220 f e e t  i s  p r e s e n t l y  b e i n g  c o l l e c t e d  i n  Wayne 
County ( S e c t i o n  1 7 ,  T. 3 S. ,  R. 8 ' ~ . ) .  ~ e t ' a i l s  of  t h r s  test were  g iven  i n  
t h e  l a s t  monthly r e p o r t .  ' 

Gas Shows i n  t h e  New Albany Sha1.e 

I n  t h e  p a s t  y e a r ,  t h e  Survey h a s  le ,arned of s e v e r a l  g a s  shows i n  t h e  New 
Albany S h a l e .  Only one o f  t h e s e  shows was repo.r ted  i n  t h e  normal manner ' th rough  
s c o u t i n g  s e r v i c e s .  A l l  o f  t h e . o t h e r  'shows were l e a r n e d  of by word of mouth. 
D e t a i l s  o f  t h e s e  shows a r e  g iven  below.: 

E. L.  Doheny # l , A r n o l d  
12-5N-14W, Crawford County 
Gas show on gas  chromatogram. DST d i d  n o t  y i e l d  any 
gas  (W. F. Meents, p e r s .  comm.). ' 

J o e  ~ e s l  e t  a l . ,  81 A. J o n e s  
7-4N-low, Lawrence County 
D r i l l e r s  l o g  n o t e s  'a g a s  show .from 2754 - 2765 f t .  i n  t h e  
New Albany; w e l l  d r i l l e d  i n  1939. (W. Z'uiwalt, p e r s .  comm.). 

 as P a c i f i c  U 1  M. S t r e i c h  
2-11s-6E, Pope County, 
E x c e l l e n t  g a s  show on gas chormatogrsm c h a r t  from 3476 - 
3972 f t .  Smal l  amount o f  bu tane  loggeg i n  t h e  Grassy Creek 
where .show was g r e a t e s t  (copy i.r~ TSGS files). 

Texas P a c i f i c  #l J. Wells  
34-10s-6E, S a l i n e  County 
Gas show on gas  chromatogram from 3892 - 4246 f  t .  ( e n t i r e  
Spr ingv i1 l . e  through New Albany i n t e r v a l ) .  G r e a t e s t  i n  
Grassy Creek S h a l e  (copy i n  ISGS f i l e s ) .  



Flctcl icr  F a r r a r  //A-1 Rhine . . 
. . -2-8s-6E, S a l i n e  County 

. , S c a t t e r e d  s l i g h t  shbir o f -  o i l  h-eporked .frdm 4926-4930 f  t., 
, . ,'..'in t h e  Blocher Sahle  (Scout: check)'. 

. . . . . , 

H .  'H:, Weinert 1/10 .McPheardon , . . . ' ' 3-2s-7E, Wayne .County' ' 
Gas show on gas ' chrdniatogram nea r  m i d d l e .  of New ~ l b a n p  Shale 
(Pers .  comm. t o  J. A.  Lineback). 

. : ,. . - ,  

Hobson O i l  #2 Taylor  , , .  .>. .  . . " 34-1s-7E, Wayne' 'County , " . .  

- G a s  show o n g a s  c h ~ o ~ t o g ~ a h ,  55" gas recovered i n  DST, high 
0 ,  

a gnn ,r.nntonf in core n t  (;rassy Creek Shalt? (copy i n  ISCS f i l e s ) .  . % . , 

Nation O i l  /I2 McIntosh 
31-3s-8E, White County 
Good sl~ow of gas a t  s u r f a c e  and o n ' g a s  chromatogram (D. Melrose, 

., ' 
, . . . .  . , 

" ' pe r s  . comm:) . 
, . . ' 

. . 
. . -. . .  

': : . ' 
. .  . . . .  

Texas P a c i f i c  #I Ackerman .. . . .. 
27-5s-8E, White County . . .  , 

Gas show on mud logger  c h a r t ,  5065 - 5210 f t . ,  Grassy Creek 
Shale  (copy of c h a r t  .In survey f i l e s ) .  

. "  . 
Wm. & P. Becker' 111 Harper . . 

1-6s-8E, White County . . . . . .  ' 

. Gas chromatograph went o f f  s c a l e  i u  u p p e r  port ion.  gfi' Naw ' 

' .  Albany Shale  on a deep  t e s t  which dfd no t  p e l a e ~ r a ~ ~  t h e  
" 

: e n t i r c  formation. (Y .  Cody, pers. ~L!IIUII.). , . 

J i m  Hal.i?y Prod. #l Tuley 
21-6s-lOE, White County 
D r i l l i n g  mud U ~ S  ~ t t r '  by L~i'ullk s l k ~ w  a5 gan i n  th0 ~ e i . ~ ~ '  bl'hany 

* '  

Shale and. t he  we l l  a1rnos.t. blew o u t .  ~ t t e m ~ t e d  t o  p e r f o r a t e  ' 

the' s h a l e  and complete a s  a gas  produce.^ but  were ' u n ' s ~ c c e s s f u ~ ~  
' ( .T. Avi.1 A ,  pcrc; comm.) ; 

, . 
. , . . . . 

Khea Fe tcher  U 1  Karcli , . , . 

' 24-6s-.lOE, White county" 
Gas slibw in cable t o o l ,  ho l e ,  DST did  p o t  y ip ld  ? A n y  . . 'gas' , .  . 

A '  (M. -Wil l iams,  p e r s .  commz)l ' . ,. . 
I .  

The l o c a t i o n  of tlicse shows i s  sllown on Figure 1 .  There a r e  s eve ra l '  , 
. reasons f o r  tlie r a r i t y  of s h a l e  gits sllows i n  1 l..l:inois: 

1. P l c ~ s l .  l ) c . v c ~ ~ ~ i ; i n  t c s t s  i n  T l l i n c ? i s  ;ire tlri.l.l.cd with r o t i ~ r y  t o o l s ,  
a s  opposed t o  numer6r:s c a b l e  t o o l  holGs .in adjace:. t  s t a t e s .  

, -. Gas sl~ows i n  t he  Devonian shal  c s  a r e  ' genera l ly  more no t i ceab le  
i n  c a b l e  tno.1 Iro.lcs. 



2.  'l'l~c. o r g : ~ n i c - r i c h  b l a c k  s h a l e  Eac ies ,  a s s o c i a t e d  w i t 1 1  g a s  productson 
and shows i n  t h e  Appalachian Bas in  is  g e n e r a l l y  d e e p l y  b u r i e d  
i n  I l l i n o i s ,  and o n l y . a b o u t  300 o u t . o f  t h e  13,000 Devonian and 
d e e p e r  t e s t s  i n  I l l i n o i s  p e n e t r a t e  a  s i g n i f i c a n t  t h i c k n e s s  of  
t h i s  f a c i e s .  I n  I n d i a n a  and w.estern Kentucky t h e  b l a c k . s h a l e s  
a r e  much l e s s  d e e p l y  b u r i e d  and a c o r r e s p o n d i n g l y  g r e a t e r  number 
o f  t e s t s  p e n e t r a t e ' t h e  b l a c k  s h a l e  . f a c i e s .  

3. Mud l o g g i n g  u n i t s  are n o t  wide ly  employed i n  I l l i n o i s .  

4 .  O p e r a t o r s  i n  I l l i n o i s  show l i t t l e  i n t e r e s t  i n  Devonian s h a l e s ,  
p a r t l y  because  o f  t h e i r  m a r g i n a l  economics and p a r t l y  b c c a u s e  
o f  t h e  l a c k  o f  g a s  p r o d u c t i o n  i n  I l l i n o i s .  It  is v e r y  l i k e l y  
t h a t  many g a s  shows arc? no t  noticed, . ,  a r e  n o t  r e p o r t e d ,  and a r e  
ignored .  

S e v e r a l  a r e a  g e o l o g i s t s  have been q u e r i e d  i n  t h i s . r e g a r d  and a l l  i n d i c a t e d  t h a t  
g a s  shows a r e  a lmos t  i l i v a r i a b l y  no ted  i n  t h e  s h a l e  when mud l o g g i n g  u n i t s  a r e  
on s i t e ;  however, t h e y  a r e  n e v e r  r e p o r t e d  on s c o u t  t i c k e t s .  The r e c o r d  o f  shows 
i n  I l l i n o i s  is  t h e r e f o r e  regarded  a s  a n  u n r e l i a b l e  and mean ing less  measure of 
t h e  g a s  p o t e n t i a l  of  t h e  s h a l e . '  

. . . . 

C o o r d i n a t i o n  o f  S t r a t i g r a p h i c  Maps 

Near ly  a l l  problems i n  c o o r d i n a t i o n  o f  s t r a t i g r a p h i c  u n i t s  between I l l i n o i s  and 
I n d i a n a  have been r e s o l v e d  a l t h o u g h  t h e r e  remain some minor p h i l o s o p h i c a l  
d i f f e r e n c e s  i n  t h e  b e s t  r e c o g n i t i o n  of  some s t r a t i g r a p h i c  b o u n d a r i e s .  I l l i n o i s  
and I n d i a n a  s t r a t i g r a p h e r s  had some d i sagreement  o v e r  t h e  u s e  o f  v e r t i c a l  c u t -  
o f f s  i n  a d j u s t i n g  t h e  ~ r a s s ~ - ~ r e e k  Sweet land Creek c o n t a c t .  T h i s  problem i n  
p a r t ,  prompted t h e  I n d i a n a  s t r a t i g r a p h e r s  t o  resume t h e  usage  of  t h e  I n d i a n a  
nomenc la tu re ,  which is l a r g e l y  t h a t  o f  Lineback (1968; 1970) .  F u r t h e r  work 
l e d  Reinbold  and C l u f f  o f  t h e  I l l i n o i s  Survey t o  conc lude  t h a t  t h e  I n d i a n a  
nomenc la tu re ,  w i t h  some r e v i s i o n ,  w o u l d . b e  t h e  most a p p r o p r i a t e  f o r  t h e  e n t i r e  
deep p o r t i o n  of t h e  I l l i n o i s  Basin  i n c l u d i n g  s o u t h e a s t e r n  I l l i n o i s .  The I n d i a n a  
o u t c r o p s  a r e  l i t h o l o g i c a l l y  more similar and are more r e a d i l y  c o r r e l a t e d  to t h e  
s u b s u r f a c e  o f  t h e  deep L a s i n  than  a r e  t h e  M i s s i s s i p p i  V a l l e y  o u t c r o p s  which 
a r e  t h e  p r i n c i p a l  b a s i s  f o r  t h e  p r e s e n t  I l l i n o i s  nomencla ture .  The a d o p t i o n  
o f  a  d u a l  sys tem o f  nomenc la tu re  i n  I l l i n o i s  was t e n t a t i v e l y  s u g g e s t e d .  I n  t h i s  
p l a n  t h e  M i s s i s s i p p i  Va l l ey  nomencla ture  would be  used i n  w e s t e r n  and c e n t r a l  
I l l i n o i s  ( t h e  presumed s h a l l o w  s h e l f  d e p o s i t s )  and t h e  I n d i a n a  nomenc la tu re  would 
be  extended i n t o  Sou thern  and E a s t e r n  I l . l i n o i s  ( t h e  deep  b a s i n  s e c t i o n s ) .  I n  t h e  
i n t e r e s t  o f  expedienc.y, t h e  d u a l  nomerlclature w i l l  probably.  n o t  b e  adop ted  f o r  
u s e  i n  t h i r  p r o j e c t .  However, i t  h a s  been.alternative1y'suggested t h a t  we adop t  
t h e  t e rm S e l m i e r  (expanded from t h e  o r i g i n a l  d e f i n i t i o n  by Lineback,  1968) t o  
replace t h e  term Sweetlaud Creek i n  s o u t h e a s t e r n  I l l i n o i s .  The .deep b a s i n  r o c k s  
which have heen r e f e r r e d  t o  t h e  Sweetland Creek i n  I l l i n o i s  a r e '  n o t  r e a d i l y  
c o r r e l a t e d  t o  t h e  type  Sweet land Creek i n  s o u t h e h s t e r n  Iowa, b u t  can  be  c o r r e l a t e d  
through t h e  s u b s u r f a c e  t o  t h e  t y p e  Scl!~ittr . . o f  t h e  s o u t h e a s t e r n  I n d i a n a  o u t c r o p  a r e a .  



L i t h o f  a c i . e s  Maps 

Problems a n d .  discusai .o 'n 

W e  have  concluded,  a s  d i d  w o r k e r s  i n  t h e  Appalachian Bas in ,  t h a t  t h e  most 
u s e f u l  l i t h o f a c i e s  maps, i n  terms o f  g a s  p o t e n t i a l  a r e  i s o l i t h  (cummulative- 
t h i c k n e s s )  maps o f  "black" s h a l e  o r  " r a d i o a c t i v e "  s h a l e  a s  determined from . 

gamma say l o g s .  The h i g h l y  r a d i o a c t i v e  s h a l e s  a r e  g e n e r a l l y  o r g a n i c - r i c h  and 
are r e g a r d e d  a s  p r o b a b l e  hydrocarbon s o u r c e  uocks, alL1luugl:ll t hey  may n o t  
n e c e s s a r i l y  b e  good r e s e r v o i r  r o c k s .  

S e v e r a l  problems have been  encoun te red  i n  d e f i n i n g  "Radioact ive"  s h a l e .  , - v 

T n i . t i a l l y  i t  seemed d e s i r a b l e  t o  use  a  un i fo rm q u a n t i t a t i v e  d e f i n i t i o n .  Con- 
s e q u e n t l y ,  f o l l o w i n g  sonic o b s e r v a t i o n  aiid d i s c u s s i o n ,  s t  r a l i g r a p h i c  w o r l r c r ~  
f rom 1L.l.innis and Tndiana t e n t a t i v e l j i  agreed Lo' u s e  a c u t o f f  v a l u e  of 200 APT 
u n i t s  on t h e  gamma r a y  s c a l e .  S h a l e s  w i t h .  AfST v a l u e s  h i g h e r  t h a n  Llle cutoff were 
c o n s i d e r e d  " r a d i o a c t i v e " .  I n  many s o u t h e a s t e r n  I l l i n o i s  w e l l s ,  t h e  200 AP1 
c u t o f f  a l s o  s~eme.rl r e a s o n a b l y  , c o n s i s t e n t  w.ith t h e  d i s t inc t . i . on  between "black" 
and "gray" s h a l e s  as s e e n  i n  sample s t u d i e s .  U n f o r t u n a t e l y ,  f u r t h e r  work re-. 
v e a l e d  t h a t  t h i s  d e f i n i t i o n  was less a p p r o p r i a t e  i n  o t h e r  p a r t s  o f  I l l i n o i s .  
G r e a t  problems a r o s e  from t h e  f a c t  t h a t  n o t  a l l  gamma r a y  l o g s  a r e  s c a l e d  o r  
c a l i b r a t e d  un i fo rmly .  

Because  o f  t h e s e  p r o b l e m s , , i t  w a s  dec ided  r o  use a nletliod o f  d e f i n i n g  " rad io -  
a c t i v e "  s h a l e  ,which is  similar t o  t h a t  used i n  t h e  Appalachian Bas in ,  (Harper  
and P i o t r o w s k i ,  1978) .  By t h i s . m e t h o d ,  any s h a l e  w i t h  a  gamma r a y  v a l u e  >20 MI 
u n i t s  above .a "normal" s h a l e  b a s e  l i n e  (determined f o r  each  w e l l  i n d i v i d u a l l y )  - 
is  d e f i n e d  as " r a d i o a c t i v e "  s h a l e .  Workers i n  I l l i n o i s  and I n d i a n a  g e n e r a l l y  
a g r e e d  t h a t  20 API u n i t s  is  n o t  a l a r g e  enough c u t o f f  v a l u c .  It docs n n t  seem 
t o  b e  a r e a l l y  s i g n i f i c a n t  d e p a r t u r e  from t h e  "nurs~a l "  sllclle b a ~ c  l i n e  and drips, 
n o t  s e r v e  t o  d i s t i n g u i s h  b'etween '"black" and "gray" s h a l e s  i n  most o f  t h e  
1 l . l i ~ ~ u i s  Bas in ;  Worlcers k r ~ m  t h e  r.wo sLaL4s llave agrccd  . t h a t  60 APT  nits 
i s  o more' a p p r o p r i a t e  c u t o f f  v a l u e  i n  t h e  I l l i n o i s  ~ a u i n .  

S e l e c t i n g  a "normal" s h a l e  bast! l l ~ ~ e '  ll,ia pa3cd probl.oms i n  some areas, .Some 
s e c t i o n s  c o n t a i n  no s h a l e s  w i t h i n  t h e  New Albany which c o u l d  b e  c o n s i d e r e d .  
I I  normal."  The o v e r l y i n g  M i s s i s s i p p i a n  S l ~ a l r s  p rov idc  t h c  o n l y  r rasnnahl .e  

r e f e r e n c e ,  h ~ ~ t  t h e y  may b e  t h i n  o r  somewhat v a r i a b l e  i n  gamma r a y  v a l u e .  I n  
most a r e a s  t h e  Hannibal -Saver ton i n t e r v a l  may b e  n e a r  "normal", buL even , 

i n  t h e s e .  s h a l e s ,  t h e  gamma ray c u r v e  Illay. b e  somcwhnt af f k c t e d  hy s i l t  o r  
o r g a n i c  c o n t e n t .  

I n  t h e  I l l i n o i s  B a s i n ,  gamma r a y  leks a r e  much l e s s  abuhdant  t h a n ' a r e  e l e c t r i c  
l o g s .  T h e r e f o r e ,  t h e  l i t h o f a c i e s  maps which r e l y  e n t i r e l y  on gamma .ray l o g s ,  
llave a  much s m a l l e r  d a t a  b a s e  t h a n  do t h e  isopac11 maps which have u t i l i z e d  a l l  
avai . lnb1 c , forms of t la tn .  

P r o g r e s s  a1ic1 1) i scuss ion  

I n c l u d e d  wi th  t h i s  r e p o r t  a r e  a  t h i c k n e s s  map o f  " r a d i o a c t i v e "  s h a l e  i n  t h e  
Ncw Albany O F  I l l i n o i s  ( f i g .  2 )  ant1 a p e r c e n t a g e  m:ip of  b l a c k  s l i a l e  w i t h i n  t h e  
Ncw Albany ( f i r , .  3) . The maps a r e  based on a 60 API u n i t  c u t o f f  v a l ~ ~ e  above 
t h e  'horrnal" s h a l e  b a s e  l i n e .  Because of g e n e r a l  s p a r s i t y  o f  d a t a  and o c c u r r e n c e  
of  anomalous v a l u e s  (p rnbab ly  r e s u l t i n g  from i n h e r e n t  d e f e c t s  i n  t h e  method o f  
d e f i n i n g . " r a d i o a c t i v e l '  s h a l e ) ,  t h e s e  maps must be c o n s i d e r e d  a s  .very g e n e r a l i z e d .  



Grea t  c a u t i o n  s1ioul.tl be e x e r c i s e d  i n  making q u a n t i t r a t i v e  c n l c u l . a t i o n s  of 
p o t e n t i a l  g a s  r e s o u r c e s  f rom t h e s e  maps. N e v e r t h e l e s s ,  t h e  maps do o f f e r  a  
r e a s o n a b l e  approx imat ion  o f  t h e  o c c u r r e n c e  and d i s t r i b u t i o n  o f  " r a d i o a c t i v e "  
s h a l e s  w i t h i n  t h e  New Albany. 

The t h i c k e s t  " r a d i o a c t i v e "  s h a l e s  ( f i g .  2 ) .  o c c u r  i n  s o u t h e a s t e r n  . I l l i n o i s  
and c l o s e l y  resemb1.e t h e  p a t t e r n  o f  t h e  ' t o t a l  New Albany S h a l e  t h i c k n e s s  
( f i g .  4 ) .  The t o t a l  t h i c k n e s s  of  " radioact%ve1!  s h a l e  d e c r e a s e s  d r a m a t i c a l l y  ' ' 

toward t h e  n o r t h  and wes t .  The v e r y  t h i c k  New ~ l b a n y  o f  w e s t e r n  I l l i n o i s  
( f i g .  4)  c o n t a i n s  v e r y  l i t t l e  " r a d i o a c t i v e "  s h a l e  ( f i g .  2 ) .  I n  most o f . S o u t h -  
e a s t e r n  I l l i n o i s  more t h a n  60 p e r c e n t  o f  t h e  New Albany i s  " r a d i o a c t i v e , "  
and i n  some a r e a s  i t  i s  more t h a n  80 p e r c e n t  ( f i g .  3 ) .  I n  p a r t s  o f  sou th -  
west 'ern I l l - i n o i s ,  t h e  e n t i r e  New Albany, i s  " r a d i o a c t i v e "  by t h e  d e f i n i t i o n  used.  
However, i n  t h e s e  Areas ,  t h e  t o t a l  Ncw Albany i s  ve . ry-  t l l ln .  

The p a t t e r n s  of  " r a d i o a c t i v e "  s h a l e  d i s t r i b u t i o n  i n  I l l i n o i s  s e r v e  t o  s t r e n g t h e n  
t h e  e a r l i e r  c o n c l u s i o n s  t h a t  n n i n e t e e n - c o u n t y  a r e a ,  i n  s o u t h e a s t e . r n  I l l i n o i s  
o f f e r s  t h e  b e s t  p o s s i b i l i t i e s  i n . t h e  s t a t e  Eor s h a l e  g a s  r e s o u r c e s  ( s e e  DOE 
monthly r e p o r t  February  5 ,  1979,  p .  1-4) .  These c o n c l u s i o n s  a r c  cvcn f a r t h e r  
r e i n f o r c e d  by t h e  f a c t  t h a t  a l l  known l o c a t i o n s  o f  g a s  shows i n  t h e  New Albany 
t o  d a t e  have come from t h e s e '  c o u n t i e s -  ( f i g .  1 ) .  

P u b l i c a t  i o n s  

On May 23, M. L. Reinbold  p r e s e n t e d  a  paper  e n t i t l e d  "Fac ies  R e l a t i o n s h i p s  
i n  t h e  Uppermost Devonian and Lowermost M i s s i s s i p p i a n  S t r a t e  (Upper P a r t  
of t h e  New.Albany S h a l e  Group) i n  I l l i n o i s ,  USA," a t  t h e  Ninth  I n t e r n a t i o n a l  
Congress of Carbon i fe rous  S t r a t i g r a p h y  and Geology (IX-ICC) i n  Urbana, I l l i n o i s .  
An. a b s t r a c t  f o r  t h i s  paper  was p r i n t e d  i n  t h e  q u a r t e r l y  r e p o r t  t o  DOE of  
J a n u a r y  8 ,  1979.  

A w r i t t e n  manuscr ip t  f o r  t h e  above p r e s e n t a t i o n  h a s  been prepared For p u b l i c a t i o n  
i n  t h e  Compte Render (Proceed ings  of IX-ICC); Somc t h e  c o r r e l a t i . o n s  an'd 
i n t e r p r e t a t i o n s  p r e s e n t e d  i n  t h i s  paper ,  e s p e c i a l l y  t h o s e  most c l o s e l y  r e l a t e d  
t o  t h e  Devonian-Miss iss ippian boundary problem, have a roused  c o n s i d e r a b l e  
c o n t r o v e r s y  w i t h i n  c e r t a i n  s e c t o r s . o f  t h e  Survey.  The manuscr ip t  o f f e r s  i n t e r -  
p r e t a t i o n s  concern ing  t h e  f a c i e s  r e l a t i o n s h i p s  and t ime s t r a t i g r a p h i c  c l a s s i -  
f i c a t i o n s  which a r e  a t  cdds, i n  p a r t ,  w i t h  t h e  c u r r e n t l y  a c c e p t e d  c l a s s i f i c a t i o n  
of  t h e  I l l i n o i s  Survey.  During t h i s  l e n g t h y  c o n t r o v e r s y ,  new ev idence  h a s  
been p r e s e n t e d  and c e r t a i n  compromises o r  concessi .ons have been made by both  
s i d e s . '  Rev i s ion  o f  t h e  manuscr ip t  i s  now c o n s i d e r e d  t o  b e  very  n e a r l y  comple te ,  
and i t  w i l l  soon be sub'mitted f o r  p u b l i c a t i o n .  

A manuscr ip t  by R .  )I. C l u f f  and M. L .  Reinbold  e n t i  t l e d . " T h e  New Albany S h a l e  
G r o t ~ l ~  i n  I l l i n o i s , "  h a s  been e s s e n f - i a l l y  compl.etcd f o r  sometime, but  h a s  been . 
s i . i l ~ j c ~ . t  t o  some r t l v  is i.on hnscd on tlic o~i tcnmc of tlle c o n t r o v e r s y  mcwtioncd above.  
Nnny o f  tllc? sonip cnnt:rovc?rs.ia.l . in tc?r l ) re to t . ion  a s  i n  t l ~ e  'IX-ICC manuscr ip t  a r c  
prc?sented i n  t h i s  manuscr ip t .  ~ l l e  m a n u s c r i p t ,  wl~icli.  w i l l  b e  p r i n t e d  a s  a? 
I l l i n o i s  Survey Ci:rcular ,  w i l l  i n c l u d e  isopnch maps of  t h e  New Albany Group ' .  

' 

and f o r m a t i o n a l  u n i t s ;  a s  weld a s  s e v e r a l  c r o s s  s e c t i o n s .  
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F i g u r e  I -- Locations of known g a s  shows i n  the New 
ALbany S h a l e  as of September, ,1979. 
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F i g u r e  2.  Cumulat ive  t h i c k n e s s  o f  r a d i o a c t i v e  s h a l e  w i t h i n  t h e  
New Albany S h a l e  Group I n  I l l i n o i s .  R a d i o a c t i v e  s h a l e  i s  h e r e  
d e f i n e d  a s  t h a t  h a v i n g  a  gamma r a y  l o g  v a l u e  >60 API  u n i t s  above 
P nhrmnl s h a l e  b a s e  l i n e .  - - .  . 



Figure 3.  P e r c a n t a ~ t !  of r q 8 i o a c t i . v ~ .  sI~al,e wi th in ,  t h e  Ncw A l b ~ n y  
Shale  Group i n  I l l i n o i s .  (See f i g u r e  2 f o r  ' d e f i n i t i o n  of r a d i o -  
a c t i v e  s h a l e . )  





MINERALOGI C AND PETROGRAPHIC CllARACTE RIZATION 

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

Th i s  p r o j e c t  is  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 t r o g r a p h i c  
p r o p e r t i e s  of t h e  N e w  Albany 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  and 
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  and X-ray t e c h n i q u e s ,  of  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 ,  and t h e  f a b r i c  of  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  fundamental  b a s i s  f o r  r e g i o n a l  and l o c a l  cor-  
r e l a t i o n s  of  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  d f  t h e  sed imento logy ,  d e p o s i t i o n a l  
environment ,  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  hydrocarbon p o t e n t i a l s  
based on t h e  degree  o f  the rmal  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  t h e  New Albany Sha le .  

H i g h l i g h t s  o f  Work Performed i n  FY 1979 

1 )  T h i r t y - s i x  samples .  f o r  l i t h o l o g i c  and r a d i o g r a p h i c  a n a l y s i s  were c o l l e c t e d  from 
New Albany S h a l e  c o r e s  i n  F a y e t t e  County, Hardin  County, and Wayne County, I l l i n o i s .  
Radiography o f  a l l  samples  e x c e p t  t h e  Wayne County samples  h a s  been completed.  

2) C o l l e c t i o n  o f  supplementary  d r i l l  c u t t i n g  samples  from v a r i o u s  Devonian tests 
th roughout  I l l i n o i s  was completed.  T a b l e . 1  l is ts  t h e  sample numbers. and w e l l s  
sampled by l o c a t i o n  i n  I l l i n o i s .  S e v e r a l  a d d i t i o n a l  samples  f r o m , w e l l s  i n  I n d i a n a  
were  p rov ided  by t h e  I n d i a n a  G e o l o g i c a l  Survey and t h e s e ' a r e  l i s t e d  i n  T a b l e  2. 

3) X-ray d i f f r a c t i o n  minera logy w a s  completed f o r  130  c l a y  samples  and 1 2 1  whole 
rock  samples .  Clay o r i e n t a t i o n  i n d i c e s  were  de te rmined  f o r  42 c o r e  samples .  

4 )  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 completed f o r  102 acid-macerated samples ,  
i n c l u d i n g  samples  from 1 deep w e l l .  R e f l e c t a n c e  a n a l y s i s  was a l s o  completed f o r  
t h e  F a y e t t e  County, I l l i n o i s  (10IL)core .  Acid m a c e r a t i o p  of  a l l  d r i l l  c u t t i n g  
samples  was completed.  

5) V i s u a l  f l u o r e s c e n c e  a n a l y s i s  was completed f o r  117 d r i l l  c u t t i n g  samples .  

6)  Scanning e l e c t r o n  microscope examina t ion  o f  s e l e c t e d  samples  r e p r e s e n t i n g  t h e  
f u l l  range o f  l i t h o l o g i e s  found i n  t h e  New Albany S h a l e  W ~ E  completed.  

7 )  A paper  summarizing o u r  f i n d i n g s  on t h e  o c c u r r e n c e  and 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  t h e  New Albany, and i t s  r e l a t i o n s h i p  t o  o i l  and g a s ,  was ,comple ted  f o r  
t h e  Joint.DOE/EGSP-ESIAAPG Symposium. 

Microscope C h a r a c t e r i z a t i o n  

P r o g r e s s  

The s i . ; ~ ~ r ~ ~ l r l p ,  c l c c t ~ : o ~ l  ~r.i.c-.rc~scopc (SICPI) stutly of  t l ~ c  sanll>lss r e y r c s c n t i n y ,  tllc s l ~ n l s  
l i t h o t y p e s  was coulpletccl tlurirlg IT 79. 'Tl~is work has  provided s o m e ~ u s e f u l  i n f o r -  
mation i n  c h a r a c t e r i z i n g  t h e  s h a l e s :  i n f o r m a t i o n  on c l a y  o r i e n t a t i n n  and i t s  
r e l a t i o n s h i p  t o  s h a l e  f;abric d a t a  on t h e  forms of  p y r i t e  and t h e i r  . r e l a t i o n s h i p  
t o  the '  s h a l e  m a t r i x  and o r g a n i c  mat te r ,  and. d a t a  on o r g a n i c  m a t t e r  and i t s  r c l a -  
t i o n s h i p  t o  t h e  s h a l e  m a t r i x .  Ttie w r i t i n g  o f  a  r e p o r t  on t h i s  work i,s now i n  
prncress , .  



L i t h o l o g i c  and Radiographic  C h a r a c t e r i z a t i o n  

P r o g r e s s  

P ' r e p a r a t i o n  o f  samples  f o r  r a d i o g r a p h i c  c h a r a c t e r i z a t i o n '  -was completed f o r  a l l  
samples  from t h e  F a y e t t e  County,  I l l i n o i s  ( lOIL) ,  t h e  Hardin  County, I l l i n o i s  
( l l I L ) ,  and Wayne County, I l l i n o i s  (12IL) c o r e s .  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  . '  

was d e l a y e d  due t i  schedulipg c o n f l i c t s  and s e v e r a l  a r e  s t i l l  i n  p r o g r e s s .  
D e t a i l e d  summaries of t h e  l i t h o l o g i c  :and r a d i o g r a p h i c  ' a n a l y s i s  w i l l  bo p r e p a r ~ d  ; 

when t h e  t h i n  s e c t i o n  a n a l y s e s  have been completed f o r  a l l  c o r e  samples.  
*. .< ?' ' ' ( .  , 

X-ray D i f f r a c t i o n  and. Clay O r i e n t a t i o n  . ,  . . 
. , 

. . 
P r o g r e s s  . , 

. , 
ciay .minera logy ,  c l a y  o r i e r l t a t i o n  i n d i c e s  and whole-rock mineralog)i dncu Cur a ~ : 1  
samples  completed dur ing '  FY 1979 a r e  p r e s e n t e d  i n  Tab les  3 through 10.  Maps 
showing t h e -  v a r i a t i o n  i n  c l a y  mineralogy and whole rock mineralogy of t h e  New , 

Albany S h a l e  a c r o s s  11lil1ois w i l l  be p repared  i n  t h e  cpming months. 
. , . . 

V i t r i n i t e  R e f l e c t a n c e  . .- 

P r o g r e s s  

V i t r i n i t e  r e f l e c t a n c e  d a t a  f o r  a l l  samples  t o  d a t e ,  i n c l u d i n g  Fi 77 and FY.78 a r e  
p r e s e n t e d  i n  T a b l e s  11 and. 12.  V i s u a l  f l l io rescence  d a t a  f o r  a l l  samples  completed 
t o  d a t e  are p r e s e n t e d  i n  Tab le  13. A t e c h n i c a l  r e p o r t  summarizing o u r  work on t h e  
'types o f  o r g a n i c  m a t t e r  i n  t h e  New Albany S h a l e ,  v i t r i n i t e  r e f l e c t a n c e ,  f l u o r e s -  
cence ,  and t h e i r  r e l a t h n s h i p  t o  o i 5  and g a s  i n  I l l i l l o i s  wo3 prepared f o r  t h e  . J o i n t  
DOE/E.GSP-ES/AAE'G Symposium i n  Morgantown, West V i r g i n i a .  The paper  i s  appended t o  
t h i s  r e p o r t .  ? 



TABLE 1 - LOCATION OF .NEW ALBANY SHALE (NAS) SAMPLES' TAKEN FROM 
WELL ,CUTTINGS: IN' 1LLI.NOIS (Note that several: samples 
were taken from a single well) 

. . Sample Numbers 
(NAS- ) . . Councy , , Sec-T-R . Well Name 

(various 
Clay 
Ef f ingham 
Jefferson 
Madison 
Mason 
Washington. 
washington 
Washington 
Wayne 
Wayne . 

Wayne 
Wayne 
Wayne 
Wise, VA 
Christian 
Gallat in 
Gallat in 
Gr eene 
Lawrence 
Logan 
Macon 
Pope 
Saline 
Saline 
Wabash 
Woodford . 

Champa.ign 
Christian 
Clay 
Clark 
Coles 
Col'es 
Crawf ord 
Crawf ord 
Crawf ord . 

Crawf ord 
Crawf ord 
Crawf ord 
Cumberland 
De Witt 
Edgar 

Edgar . 
Effingham 
Hamil ton 
Hamil ton 
Hamilton 

locations). 
16-3~-6~ , ' 

32-6N-5E " '  

. 18-3s-1~ 
35-5N-7W 
3-19N-10W 
30-2s-3W . 

27-3s-1w 
1-3%4W 
27-IN-7E . 

14-1N-8E 
28-1s-6E ' 

29-2s-9E 
4-3s'-7E 

outcrop samples . 
So. 111. Oil #l Mearns 
Juniper P.etrl. 12x-3.2 Gerth 
~unniil I1 Kujawa 
B. Hall #1 Wehling 
Pinkston 11 .Blessman 
Ayoco Prod. 111, Kolweier 
Juniper Petrl. #24x-27 Kubiak 
Anschutz /I1 Elgenrauch 
Pure Oil 13 Billington 
Nation Oil 111 Van Fossan-Brown 
Texaco NCT-1 Fuhrer 
Collins Bros. ill Hill 
SavageIZephyr '81 Sprague 

Union Oil 81 Cleveland 
Humble Oil /I33 Busiek-Crawford 
Texaco /I1 Walters 
Kewanee Oil ill Eula 
Atlantic Richfield #77 Lewis 
Allspach 111 Park 
Hill #l Haynes 
Williams 81 Austin 
Texas Pacific ill Wells 
Texota Oil ill King 
So. Triangle Oil #D2 Zimmerman 
Centrl. Ill. Light #C18 Cllco 
Peoples Gas ill Condit 
Franks Petrl. 111 Wagner 
Keystone Oil ill Woomer-Campbell 
Corley #l Miller 
Energy Prod. #G-1 Arterburn 
Brehm 81 Lambert 
BPI1 ill Miller 
Dbheny ill Arnold 
stape Drilling #l Kincaid 
K' Oil #l Mehler 
W Drilling ill Brown 
Ill. Oil Invest ill Mallory et '1 

Texaco #l McCandlish 
Peoples Gas /I1 Lamb 
Jones-Simpson Drill. /\I Steelc- 

Mo .. 
Wansan Petrl. ill Sims 
Energy Kes. ill Niemerg 
Kewanee Oil /I1 Wellen 
Shell Oil /I4 Mohave 
Texaco #1 Cuppy 



TABLE 1 

Sample Nllmhers 
(NAS- ) County 

I r o q u o i s  
I r o q u o i s  
J a s p e r  
,Tef f e r s o n  
Lawrence 
Madison 
Marion 
Lawrence 
McDonough 
McLean 
McLeatl 
McLean 
P i o t t  
Sangamon 
Sangamon 
V e r m i l l i o n  
V e r m i l l i o n  
V c r m i l l  i o n  
White  
W , i l l  tamson 
Macoupin 
Wil l j ,ams 
G a l l a t i n  
~ o n d  
Champaign 
Champaign 
Cila~npaign 
Clark 
C l a y  
C l a y  
Coles '  
DabIi t t 
Douglas  
Douglas 
F a y e t t e  
P a y e t t e  
F r a n k l i n  
F r a n k l i n  
F r a n k l i n  
J ackson  
~ a c k k n n  . 
Jac'kson 
J e f f e r s o n  
Montgomery 
Johnson  
ICnox 
Macon 
Macoupin 
Mar i o n  
Montgomery 
Montgomery 

Well Name 

P e o p l e s  Gas 111 Ffumm 
Peop!ies Gas 31 Keen 
T o t a l  Leonard /I1 Thoe le  
J u n i p e r  P e t r l .  1133~-32 Hayse 
S h e l l e n s k e ~  D r 5 l l .  it1 Ecv73rd 
S t o c k e r  & S i t l e r  /I1 Sues s  
Brehm D r i l l .  # 1  Behnke 
Highland O i l  # l  Hobbs 
Bur-Kan P e t r l .  111 Chipman 
Zlmmerrnnn # l  Mcl,ean, Cn . . 
1.lnion H i l l  G a s  b l  Bozar th  
G~lrlalstl f~ llnnvcr I / &  C r s ~ n  
Uulurl H i l l  Cao 8 1  Buchan 
C u r l e y  //1 Anderson 
Caney O i l  ill Eugene 
A l l i e d '  Chem. # l  A l l i e d  Chem. . . 
P e o p l e s  Gas Layden 
P e o p l e s  Gas' 111, Swanson 
Haley Prod.. T r a i n o r  
Brehm D r i l l .  # l  H a r r i s  Uni t  
Crown I1 Mine' (Penn. samplcs )  
Amax-Delta Mine (Penn. samples  :i 
Eag le  S t r i p  Mine , (Penn. sampler, 
Texas Co. 111 S y b e r t  
B e a t t y  iiEozdeck 
P e o p L . ~ s .  Gas - 111 Tracy  
Vickery  n r i l  1 ing Co. .B-0-1 
Fanchot  #A-1 E l l i o t t  
S a u r t ~ e r  11 I l l .  O i l  P rod .  111.Fa t l 
S t e e l e  111 Leak 
Union O i l  of  Calif .111 Moler 
H a r r i s  # 1  ~ e w i s  
pab0.t Corp. #,2 C ~ ~ U L - T u s s o l a  
aoe  Beckner D r i l l .  111 J i v i d e n  
brehm i l i  l r o l a r l d  
k h c l l  n i  1, 111 Ford , 

S h e l l  O i l  1\19 C.W.& F. Coa l  
Cal3.oghor 111 Zej.p,l.er Coal  & Ct 

Tcxnco il l  U.S. S t e e l  
Crammer !I1 Dicker  son  
Texaco 111 Harsha  
N a t i o n a l  Assuc.Pet .Co.  //I Hay: 
C r y s t a l  O i l  Co. !I1 S t o r e y  
C a l v e r t  D r i l l ,  A 1  Blackburn 
Texas  P a c i f i c  . O i l .  # 1  F a r l e y  
I l l i n o i s  Power G-2 
C o r l e y  # l  H i l l  
Wright  a1 Thoron . . 
T o t a l  Leonad ill-25 Lane 
Mobil  O i l  Co. i l l  Dewerff 
P h i l l i p s  P e t .  .Co. 115 Farmersvl  



! .  

TABLE 1 - CONTINUED 

Sample Numbers 
' (NAS-, ) County Sec-T-K 

Morgan ' 15-13~-8w 

M o u l t r i e  
P e r r y  
P i a t t  
S a l i n e  
S a l i n e  
She lby  
Shclby 
Tazewel l  
Shelby.  
Union 
Wayne 
White 
C r i t t e n d e n , .  KY' . 
Johnson 

. Union 
C l i n t o n  
J a s p e r  
Mason 
Montgomery. 
P e o r i a  
P i k e  .. 
P i k e  
Schuyl.er 
White 

, Ef fingham 
Hamil t o n  

' Pope 
G a l l a t i n  
Shelby 
F u l t o n  
F u l  ton 
Knox 

Well  Name 

Panhandle  E. P i p e  L i n e  Co. 
#7-15 Wh%t'elock 

Felmont Okl Co+rp. /I1 Ware 
T o t a l  Leona'rd '1nc. 111 P i c k ,  
Texaco //1 I r e n c h a r d  
P a r k e r  //1 Pa.rker 
Rrellm D r i l l .  & Prod. #l Ozmenl 
Energy Resources  of IL /I1 Gre! 
To ta l .  Leonard I n c .  /I1 Engel 
C e n t r a l 1  I L  L i g h t  /I1 ~ u t h e r f o l  
T o t a l  Leonard I n c .  # l  Engel 
Fry # l  H i l l  
L u t , t r e l l  # l  F e t h e r l i n g  
N a t i o n a l  O i l  Co. //I Granger  
S h e l l  O i l  //I Davis  
Outcrop sample  ( ~ . e n n . )  
Outcrop sample (Penn. ) ' .  

Anschutz /I1 S c h r o d e r  
Pure  O i l  Co. //A-5 Honey 
Engelke  //1 woodrow 
C a l i f .  Co. /I1 Schmidt , 

P r e n t i s s  # l .  Coon , 
' 1  I 

A .  W. Neal  Co. / I1  Crump 
Texaco //1 S c o t t  
Kerwin # l  Wrench 
Brehm /I1 Reinwald 
Kingwood O i l  111 McWhorter 
Texaco 111 Cuppy 
Texas  p a c i f i c  # l  S t r e i c l ~  Comm. 
Texaco 111 'Wal te r s  
NRA YES I n c  /I1 S toggsd .  11 
New J e r s e y  Z i n c  //H-16 Thompsoi 
New Jersey-  Z i n c  #H-23 William... 
New J e r s e y  Zi .nr  #J-16 Gumm 



. T A B L E  2 - LOCLTION O F  NEW A1,;lAI'IY S H A L E  ( N A S  ) S A M P L E S  O B T A I N E D  

FROM WELL C U T T I N G S  1 N  l N D I A N A  (?our.tesy of t h e  

'Indiana Geological Survey), . 

. Sample   lumbers 
(EIAS- ) '. County r,ec.. .T-" L, ---- Eox Mumbc_rz 

265 n n w i  e s s  . 16-3N-7W . 9806 
266 Spencer  . 3-6s-4W 368'1 
267 ' F o u t a i n  33-2.2N-7 W 4754 
268 . .  ~ . . ,  . Lawrence . . ' 20-5N-2E ' ,6088 
269 ' Mar t in  . ,..: .' 5 3N74W ' - 3577 
270 S u l l i v a n  . .14-8N-8W . 7029 
271 vase y 18-5s-17w 9339 
272 S u l l i v a n  36-7N-10W ,8080 
273 H a r r i s o n  - .2-6s-4.E . . 7358. 
274 ' Crawford 18-3s-lw 10437 
275 Putnam 12-12N-3W 5411 
276-281 . E l k h a r t  500-595 
28?. Warrick 36-4s-9W . , 3951 
283 Montgomery 14-17N 3W 4969 
284 Vermi l l i on  2 7-14N-9W 10060 
285, DeKalb 8-35N-14E 7177 
286 .  S u l l i v a n  32-8N-8W 3274. 

' ' 287 Owen 1 4 - 9 ~ - 5 ~  6561 
288 Morgan ' 3-12N-1W 6752 

' 289 . . ~ e n d r ' i c k s  12-14N-1E 6069 
290 Washi,ngton 17-2N-5E 10021' . . 

-. -- 
. . 
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(NAS- 1:- .. ' - . :  Yellow Yellow . Orange Orange. 0ran.ge Fluorescence 



Sample 
Numbers 
(NAS- ') 

TABLE 13 - u con t inued)  

. Color  of  F luorescence  

Yellow 
Yellow 
Orange 

P a l e  No 
Orange Orange F luorescence  



TAEiLE 13 - (continued) 
Color of' Fluorescence 

Sample . . . . 

~u&ber s Pale Yellow ' . Pale Nc. 
(&is- ) Yellow ~ e i l o w  Orange - Orange - Orange , Fluorescence 

I 



TABLE .13 - (continued) 

Color of Fluorescence 

Sample 
Numbers 
(NAS- ) 

Pale 
Yellow Yellow 

Yellow 
Orange Orange 

Pale 
Orange 

No 
Fluorescence 

. - - fluorescence c o l o r  range most f requen.tly. absrrved. 
fluorescence color .range occasionally observed. ----- 

. . . . 



GEOCHEMICAL CHARACTERIZATION 

QUANTITATIVE DETERMINATION OF MAJOR, 
MINOR, AND TRACE ELEMENTS IN SHALES 

Determine not less than 49 major, minor, and trace elements in 300-500 shale 
samples, which are representative cross sections of the cores taken. Include 
organic, and mineral carbon; total hydrogen; total sulfur and when that exceeds 
0.5%, pyritic and sulfate sulfur. Also, report other elements observed during 
normal routine analysis. The data geqerated will be used to evaluafe; 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 shales, 5) potential catalytic effects of trace elements on shale 
pyrolysis yields, and 6) potential disposal problems. 

Elemental Analysis 

progress 

Shale samples received for complete analysis for major, minor and trace elements 
total 355; on another 25 samples analyses for certain elements only, usually 
total and inorganic carbon, have been requested. Twenty-five to 35 more samples 
are expected to complete the sample load for th@ project, 13 in October and the 
rest in December or .January from a core 'currently being drilled. 

. . 

, a. I . ' 

Mo'st of the anagyse; by the .various analytical, methods ibeing used have been 
completed on more than 325 of :the 355 samples. These :include X-ray fluorescence 
analysis for the major and mihor elements, neutron activation analysis for 34 
major, minor and trace elements; and the determination of fluorine via ion- 
selkcti've electrode; the. determination of total carbon and hydrogen by tube- 
furhace combustion and measurement of absorbed COz and H20, the determination 
of inorganic carbon 'and .total sulphur by wet chemical methods, and the deter- 
mination of forms of sulphur by.gravimetric methods (on samples with total 
sulphur 3.5%) . 

. . 

~om~ilafion of the extensive neutron activation analysis data and resumption 
of analysis for 13 trace elements, on the last 130-160 samples, by optical 
emission spectroscopy proceed slowly. 

. . - a 

2 -  .. .. ! , .. 
. .. MODE OF OCCURRENCI: AND WIvATIVI: DISTRIBUTION 

. . . .- - -- - - - ---- 
OF IIYDROCAKI7ON PIIASICS IN SIIALIS .---- -- -. -- 

. . . . 
. .. , Introduction 

~etermine the character of off-gases from approximately 10-foot intervals in 
cores collected in the Illinois Basin. In addition, determine the relative 
distribution 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 1iquids;:medium-volatile hydrocarbons; and solvent-extracted, low volatile 
hydrocarbons using GC-MS methods. Determine non-volatile, high-molecular weight 
hydrocarbons by GC analysis of shale pyrolytic products. 



~ e t e r m i n e  t h e  ca rbon  i s o t o p i c  compos i t ion  o f  methane i n  o f f - g a s e s  from c o r e  
samples  whenever s u f f i c i e n t  methane can be c o l l e c t e d .  Compare t h i s  d a t a  t o  
o t h e r  p e r t i n e n t  d a t a  such  a s  g a s  composi t ion and v i l r i n i t e  r e f l e c t a n c e  f o r  t h c  
p u r p o s e  o f  making i n t - e r p r e t a t i o n s  a s  t o  t h e  o r i g i n  and m a t u r i t y  o f  t h e  g a s .  
Perform l a b o r a t o r y  ex,per iments  t o  s t u d y  t h e  r e l a t i v e  e f f e c t s  and s i g n i f i c a n c e  
o f  chemica l  and i s o t o p i c  f r a c t i o n a t i o n  t h a t  o c c u r  a s  g a s  i s  r e l e a s e d  from c o r e  
samples .  

Data accumulated can b e  e v a l u a t e d  t o  g a i n  a b e t t e r  unders tand ing  o f  t h e  o r i g i n ,  
m i g r d 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 .  

. " 

P'rogress  

  el eased Gas A n a l y s i s  

Re leased  g a s  a n a l y s e s  o f  t h e  f o u r  samples o b t a i n e d  from t h e  Wayne County, I i l i n o i s  
c o r e  were  completed.  The c a n i s t e r s  e q u i l i b r a t e d  f o r  a t o t a l  o f  68 d a y s ,  and 
thc interrLa1 p r e s s u r e  was moni tored a p e r i o d i c a l l y  ( 3  to 7 d a y s  i r r tervdl : ; ) .  A 
r a p i d  i n c r e a s e  i n  p r e s s u r e  occured  th roughout  t h e  f i r s t  40 days ;  t h e r e a f t e r  a  
much slower i n c r e a s e  i n  p r e s s u r e  was observed i n d i c a t i n g  a n  e q u i l i b r i u m  s ta te  
w a s  b e i n g  approached.  A f t e r  5 2  d a y s ,  t h e  g a s  was r e l e a s e d  from t h e  c a n i s t e r  
c o n t a i n i n g  c o r e  sample 12ILOlC2. During t h e  n e x t  16 d a y s  t h e r e  w a s  a  s i g n i f i c a n t  
i n c r e a s e  i n  p r e s s u r e  i n  t h i s  c a n i s t e r ,  f o l l o w i n g  which t i m e  a l l  t h e  samples  were 
removed from t h e i r  c a n i s t e r s .  T h i s  i n d i c a t e s  t h a t  hydrocarbons  would be  r e l e a s e d  
from t h e  s h a l e  o v e r  a l o n g e r  t i m e  i n t e r v a l  i f  t h e  r e l e a s e d  g a s  w e r e  b l e d  o f f  
o c c a s i o n a l l y .  

Even though t h e  f o u r  s h a l e  samples  were t aken  a t  r e l a t i v e l y  s h o r t  1 2  f o o t  i n t e r v a l s  
' ~ f  t h ~  s h a l e  core. there was a c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  amount o t  g a s  re l .case8 
p e r  u n i t  volume of s h a l e .  

The compositi.on o f  t h e  r e l e a s e d  l iydrocarbons was n e a r l y  i n d e n t i c a l  f o r  t h e  gas 
r e l e a s e d  from t h e  t h r e e  d e e p e r  samples.  T11ere  W ~ S  s l i g l l l l y  more mcehsnc and 
l e s s  e t h a n e  and propane i n  t h e  uppermost sample.  The e t h a n e  c o n t e n t  i s  h i g h e r  
and t h e  b u t a n e  and h i g h e r  hydrocarbon c o n t e n t  i s  much lower t h a n  is usual fur 
n a t u r a l  q a s .  

I n  c o n t r a s t  t o  p a s t  e x p e r i e n c e  t h e r e  was o n l y  a s l i g h t  d e c r e a s e  i n  t h e  oxygen 
t o  n i t r o g e n  r a t i o  i n  t h e  headspace g a s  o v e r  t h a t  f o r  air. There  was a s i g n i f i c a n t  
i n c r e a s e  i n  t h e  ca rbon  c o n t e n t  i n d i c a t i n g  t h a t  svlrle o x i d a t i o n  have taker1 p l a c e .  

The r e l e a s e d  g a s  d a t a  f o r  t h e s e  few samples i n d i c a t e s  Lhere may be some p o t c n t i a l  
f o r  g a s  p r o d u c t i o n  from t h e  b l a c k  s h a l e  i n  t h e  Wayne County,  I l l i n o i s  area. 

Samples f o r  o f f - g a s  a n a l y s e s  w i l l  be  c o l l e c t e d  from a second c o r e  p r e s e n t l y  be ing  
d r i l l e d  i n  Wayne County,  I l l i n o i s .  

vo la t i l e  Hydrucdr Lon A n a l y s i s  

A m a n u s c r i p t  h a s  been p r e p a r e d  concern ing  t h e  v o l a t i l e  and medium v o l a t i l e  
hydrocarbon a n a l y s e s .  T h i s  manuscr ip t  was p u b l i s h e d  i n  t h e  Proceed ings  o f  
t h e  J o i n t  DOE/EGSP-ES/AAPG Symposium h e l d  i n  Morgantown, West V i r g i n i a , O c t o b e r  
1-4,  1979. 



Medium Volatile Hydrocarbon Analysis 

Pyrolysis . 

See Volatile Hydrocarbon Analysis. 

Solvent Extraction 

A 300 g sample of black shale (01IN04Cl) from the Sullivan County, Indiana 
core was extracted with benzene in a soxhlet extraction apparatus. An amount 
of organic matter equal to 0!66% of the shale was extracted. The extract was 
separated into aliphatic, aromatic, and asphaltene fractions on a silica gel 
column, The extracted organic matter was 40% ,aliphatic, 25% aromatic, and 33% 
asphaltene. About 3% was lost on the column. 

The aromatic fraction from the benzene-methanol extraction of an.Eastern Black 
Shale, sample (01KY03C2) was further separated by ion-exchange chromatography. 
The neutral fraction so obtained was analyzed by gas chromatography using both 
a SP2100 packed column and a SP2100 capillary (SCOT) column. 

The gas chromatogram of the neutral aromatic fraction from this shale shows 
only very small amounts, if any, of lower boiling compounds. This is in 
constrast to a chromatogram of a similar aromatic fraction separated from a 
coal pyrolysis product. 

Further analysis and identification is being carried out by GC/MS. The analysis 
has been run and the results are being interpreted. 

Isotopic Analysis of Off-Gases - - -. -. -- 

The off-gas from the Wayne Co. (12IL) core was analyzed isotopically four 
different times during the outgassing period. The results of these analyses 
are shown in Table 1. Analyses of the samples taken on May 29, 1979 were 
carried out on v&ry slnall amounts of methane (especially sample 01C4) and 
during a time when the mass spectrometer was very unstable. The possible 
error in these analyses may therefore. be larger than is normal and are so noted 
on the table. If this fact is,considered, then the data show little variation, 
either with time, or among coKe samples. 

Table 1. Isotopic analysis of CHI+ (6~' values) from the wayne Co. core (121L) . 
. . . . 

Depth Interval Sample . 5/29/79 6/14/79 6/27/79 7/18/79 

A The isotope-ratio mass spectrometer was out of order when these samples were 
collected and leakage of L11e sao~ple vial resulted in the samples being 
contaminated with air before they could be analyzed. 



P r e v i o u s  o f f - g a s  samples  have been compared t o  a  " m a t u r i t y  p l o t "  based on t h e  
model o f  S t a h l  (1974) which r e l a t e s  t h e  i s o t o p i c  compos i t ion  of methane Lo 
t h e  c h e m i c a l  compos i t ion  o f  t h e  g a s .  The r e l a t i o n s h i p  o f  t h e  samples  from 
t h i s  c o r e  t o  S t a h l ' s  model i s  shown on F i g u r e  1. The samples do n o t  f a l l  withi11 
t h e  zone p r e d i c t e d  by S t a h l ,  b u t  a r e  v e r y  s i m i l a r  to t h e  samples  from t h e  

.Ef f ingham Co. c o r e  ( s e e  1977 a n n u a l  r e p o r t ) .  For  t h a t  c o r e ,  a  c l o s e  c o r r e l a t i o n  
w a s  o b s e r v e d  between t h e  compos i t ion  o f  t h e  g a s  from t h e  c o r e s  and t h a t  o f  
s o l u t i o n  g a s  from o i l  d i r e c t l y  benea th  t h e  b l a c k  s h a l e .  

L a b o r a t o r y  Study o f  Chemical and 
I s o t o p i c  F r a c t i o n a t i o n  

To d e t e r m i n e  t h e  changes  i n , c h e m i c a l  and i s o t o p i c  compos i t ion  accompanying 
r e l e a s e  o f  g a s  from Devonian s h a l e s ,  3/4" d i a m e t e r  c o r e s  have been evacua ted  
and t h e n  p r e s s u r i z e d  w i t h  g a s  o f  known cornposiLion. 

The f i r s t '  v e s s e l  ( w i t h  t h e  e x c e p t i o n  aF a blarik)  :Groin w1.1ich tl-le gag was roloarad 
c o n t a i n e d  a  3/4" d i a m e t e r  s h a l e  c o r e  which was 2.9" loriy. T h i s  sample had been 
p r e s s u r i z e d  t o ' 4 2 . 4  atm (609 p s i g )  and s e a l e d .  The p r e s s u r e  dropped f o r  
a p p r o x i m a t e l y  65 d a y s  ( a  r e s u l t  o f  u p t a k e  o f  g a s  by t h e  s h a l e )  and t h e n  s t a b i l i z e d  
a t  35.4 a t m  (505 p s i g )  on  t h e  1 3 0 t h  day ,  t h e  p r e s s u r e  was d e c r e a s e d  t o  1 atm 
o v e r  a  p e r i o d  of 142 miriutes. F i g u r e  2 shows t h e  r a t e  o f  p r e s s i ~ r e  d r o p  i n  t h e  
v e s s e l ,  t h e  cumula t ive  amount o f  g a s  r e l e a s e d ,  and t h e  chemical  and i s o t o p i c  
compos i t ion  o f  t h e  g a s  a s  a  f u n c t i o n  o f  t i m e .  The r e s u l t s  show t h a t  a l l  o f  t h e  
g a s  r e l e a s e d  d u r i n g  t h i s  i n i t i a l b l e e d - d o w n  is  e n r i c h e d  i n  CH, and d e p l e t e d  i n  
C 1 2  r e l a t i v e  t o  t h e  g a s  i n t r o d u c e d .  I t  shou ld  be  n o t e d ,  however, t h a t  most o f  
t h i s  g a s  was p r e s e n t  i n  t h e  dead s p a c e  w i t h i n  t h e  v e s s e l .  T h i s  i m p l i e s  t h a t  
e q u i l i b r i u m  between t h e  g a s  i n  t h e  dead s p a c e  and t h e  g a s  i n  t h e  s h a l e  had n o t  

' y a t  been ach ieved .  T h i s  was e x p e c t e d ,  and it i s  t h e  r e a s o n  t h a t  t h e  o t h e r  c o r c s  
a r e  b e i n g  g i v e n . l o n g e r  e q u i l i b r a t i o n  t i m e s  b e f o r e  bleed-down. 

A f t e r  t h e  i n i t i a l  bleed-down, t h e  v e s s e l  was s e a l e d  atid Lli t !  g a s  d i f f u s i n g  o u t  
nf t h e  sha le  was a l lowed  t o  accumula te ,  simulating the s i t u d l i o n  which o c c u r s  

whensamples  a r e  c o l l e c t e d  I n  t h e  f i e l d .  A i L e r  1 4  days ,  t h i s  y d ~  w a s  relenaecl 
and c o l l e c t e d  f o r  a n a l y s i s .  T h i s  g a s  i s  d e p l e t e d  i n  CH, and e n r i c h e d  i n  c12 

r e l a t i v e  t o  t h e  s t a r t i n g  m a t e r i a l .  

The f i n a l  sample was b l e d  o f f  a f t e r  154 d a y s ,  arid t h e s e  a r e  t h e  f i n a l  r e s u l t s  
shown on F igu re  2 .  ' l 'his Sample is d l s v  d e p l e t e d  i n  CH, and onr i che l l  i i . !  C 1 2  

r e l a t i v k  to t h e  s t a r t i n g  g a s ,  b u t  o n l y  s l i g h t l y  more t h a n  t h e  sample c o l l e c t e d  
d u r i n g  t h e  f i r s t  1 4  d a y s  o f  o u t g a s s i n g  a t  low p r e s s u r e .  These d a t a  imply LhaL 
t h e r e  may be a s t r o n g  f r a c t i o n a t i o n  invo lved  a s  t h e  g a s  m i g r a t e s  i n t o  t h e  s h a l e  
p l u g ,  b u t  o n l y  a  s l i g h t  f r a c t i o n a t i o n  a s  t h e  ga,s m i g r a t e s  o u t .  Mass b a l a n c e  
' c a l c u l a t i o n s  i n d i c a t e  t h a t  v i r t u a l l y  a l l  oE t h e  g a s  i n t r o d u c e d  into Lha vessel. 
was r e c o v e r e d .  

V e s s e l  # 3  was p r e s s u r i z e d  a t  t h e  same t ime  and under t h e  same c o n d i t i o n s  a s  
v e s s e l  #2 .  The i n i t i a l  p r e s s u r e  was 42.4 atm (609 p s i g )  which d e c r e a s e d  f o r  
approx i ina te ly  65 d a y s  and t h e n  s t a b a l i i e d  a t  36.1  atm (515 p s i g . )  On the 287th 
d a y  a f t e r  i n i t a l  p r e s s u r i z a t i o n ,  t h e  g a s  was r e l e a s e d  f o l l o w i n g  t h e  same 
p r o c e d u r e  a s  i n  t h e  p r e v i o u s  c a s e .  The p r e l i m i n a r y  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  samples  c o l l e c t e d  a r e  shown , i n  F i g u r e  3 .  The r a t i o  o f  CH4/CzHt; f o r  t h e  

g a s  c o l l e c t e d  d u r i n g  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  i s  f a i r l y  c o n s t a n t  and 
s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  o f  t h e  g a s  o r i g i n a l l y  i n t r o d u c e d .  T h i s  i n d i c a t e s  



Figure 1. Hydrocarbon and isotopic compositions of o:ff -gas. samples 
from. the Wayne Co.' core (0121~) ' compared to the compositions 

' predicted by the .model' of Stahl (1974) . 
. . 



TIME 
Figure 2. 

Composition of gas  released from high vessel  #I1. The l e f t  port ion of 
graph shows.data fo r  the init:al  re lease 'of  gas from the vessel .  The time sca le  
is  i n  minutes. The r i g h t  port ion of the f igure  shows data fo r  the gas which 
l a t e r  accumulated in  t he  vesse l  a s  a  r e s u l t  of degassing of the shale  pluq. The 
time sca l e  here i s  i n  days. Dashed l i n e s  show the composition of the gas o r ig ina l ly  
injected:  

a )  Pressure i n  t he  vessel  during t h e  re lease  of gas. 
b) Cumulative volume of gas released from the vessel  
C )  Methane .to ethane r a t i o  of the gas released. Analyses were done on the 

gas released during the times represented by the widths of the bars.  
d) Bargraph showing the  .&c' values of the released gas.  A l l  values .are 

r e l a t i v e  t o  the o r ig ina l  gas. - - __ 



composit ion of  g a s  r e l e a s e d  from high  p r e s s u r e  v e s s e l  #2 .  The l e f t  p o r t i o n  o f  
g raph  shows data f o r  t h c  i n i t o l  r e l e a s e  uf g a s  from t h e  v e s s e l .  The t ime s c a l e  
i s  i n  minutes .  The r i g h t  p o r t i o n  o f  t h e  f i g u r e  shows d a t a  f o r  t h e  g a s  which , 

la ter  accumulated i n  t h e  v e s s e l  as a r e s u l t  o f  degass ing  o f  t h e  s h a l e  p lug .  The 
t ime s c a l e  h e r e  i s  i n  days.  Dashed l i n e s  show t h e  composit ion o f  t h e  g a s  o r i g i n a l l y  
i n j e c t e d .  

a)  P r e s s u r e  i n  t h e  v e s s e l  d u r i n g  t h e  r e l e a s e  o f  gas .  
b) cumuia t ive  volume o f  g a s  r e l e a s e d  from t h e  v e s s e l ,  

..'-c);~eplrile t o  e thane ratin n f  tho  3.0 r c l e a r c d .  Ar idyses  were done on t h e  
g a s  r e l e a s e d  d u r i n g  t h e  f i ~ n e s  r e p r e s e n t e d  by t h e  wib ths  o f  t h e  b a r s .  

dl Bargraph showing t h e  6 ~ '  v a l u e s  o f  t h e  r e l e a s e d  gas .  A 1 1  v a l u e s  a r e  
r e l a t i v e  to. the nri .gina1 gao.  



that the gas in the head space of the pressure vessel is enriched in CHI, 
relative to C2Hb and implies that the gas adsorbed by the shale must be 
depleted in CH4. The first sample collected during the desorption of the 
shale, however, is only slightly depleted in CHI, relative to C2H6. If these 
data are valid, and there is no reason to suspect otherwise, then future 
samples of desorbed gas will have to be highly depleted in CHI,. 

The isotopic compositions of the samples collected dur.ing the inital pressure 
release are fairly constant and similar to that of the original gas. This 
implies. that ,isotopic equilibrium has been achieved between. the methane in the 
dead volume and .that in the shale. The fi'rst sample collected during the 
.degassing of 'the shale is. significantly enriched in c12 relative to the original 
gas.. Perhaps, for the first time, .the isotopic fractionation whfch occurs as 
methane is released from shale 1s being observed wfthqut ariy ove.rsl.iadowing by 
the,effects of incomplete equilibration:. 
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Adsorption/Desorption Studies of Gases Through Shales 

Introduction 

With nitrogen and carbon dioxide, deter~iline internal surface area on shale 
core samples; on' selected samples, use methalie as ~ l l t !  Adsorbate (sorbcltc) at 
pressures within the ranqe of 1 to 80 atmospheres. Comparison of these 
properties .in gas-producinq and non-gas-producing shales will be made to deter- 
mine the relationship of shale physical prope'rties to gas recovery. 

Internal surface area values for four shale core samples from Waync County, 
Illinois (core 12IL) are shown in the following table. 

Internal Surface Area Values for' Shale Samples..from Wayne County, IL (core 12IL) 

Depth to- top I S A , ~ ~ " ~  I ~ A  ,m2/g IEA, 
of 'sample, 

Sample NO. ~ t .  C02 N - ~ -  CO2/N2 



These four samples were taken over a i ? r e l a t i v e l y  s h o r t  . i n t e rva l  (12 f e e t )  and 
a l l  contai.ned gas ( see  August 3 ,  1979 monthly r e p o r t ) .  We a r e  awaiting samples 
from a core  now being co l l ec ted  i n  Wayne County, I l l i n o i s  which w i l l  provide 
a l a r g e r  number of samples over a g r e a t e r  i n t e r v a l .  

These da ta  show t h a t  a t  t h e  r e l a t i v e l y g r e a t e r  depth of  b u r i a l  i n  the  I l l i n o i s  
Basin,. both the  N'n and CO2,internal  surface  a rea  values a r e  appreciably lower'  ' 

than values obtained f o r  sha le  samples from l e s s e r  depths. This  r e f l e c t s  
the  g r e a t e r  compaction and c los ing of :avai lable  ,pore s t r u c t u r e  t o  the  adsorbing' 
gases. Nitrogen values a r e  much lower (y ie ld ing increased C 0 2 / N 2  ISA r a t i o s )  
which r e f l e c t s  t h e  presence of an ; increasing .proport ion of pores having,diameters  
1ess:than 5 angstrom u n i t s .  The r a t e  of gas r e l e a s e  from such s t r u c t u r e s  is 
q u i t e  low. A t  p resen t ,  t he  r a t e . o f  gas r e l e a s e  i n  our high pressure  apparatus 
is  being studied.  

During t h i s  p a s t  qua r t e r ,  we reported ISA da ta  f o r  the  core samples from B u l l i f t  
Co., 'KY (core  02KY) and high pressure  methane adsorption da ta  f o r  se lec ted  . 
samples from t h e  Sul l ivan Co., IND core (core O X I N ) .  



TRACE ELEMENT DISTRIBUTION IN ORGANIC 
AND INORGANIC FRACTIONS OF SHALE 

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. Methods tested 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 phases to determine the ele- 
ments closely associated with organic matter: Separ.ation procedures that are 
most promisinq will be used to.study further the organically combined trace 
elements in additional shale samples. This research is iiesigried to yield new 
information concerning chemical variations in shale organic matter, which is 
the shale component about which little is,known and which may be the most 
characteristic fmtuge of gas bearing shales. . 

a Progress ' 

Of those procedures thoroughly studied, the chemical is the best method for 
isolating organic matter from shales. Two products have been prepared by 
this procedure with ash contents of less than 0.5 percent and submitted for 
analysis. Thirty trace and minor elements have been determined thus far. The 
remaining samples yet to be analyzed have been selected from cores showing the 
greatest gas bearing potential (OlKY, 02IL, l1IL). These samples are currently 
beinq demineralized via the chemical procedure. 

A3.though a number of elements are contained in the kerogen; only six - Br, Cr, 
Fe, Ni, Sb, and .Se - in the group of 30 elements have ~on'centrations comparable 
to or greater than that given for the original shale. Other elements of interest, 
e.g., CU and V,  are yet to be reported. 

Developmental work using a density gradient separation continued to yield less 
than satisfactory concentrations of organic matter for analysis. The failure of 
the separation is partially due to the initial low organic carbon concentration 
of the shales available for this study. In addition, in an effvrt to reduce 
the ash content of the coal product prepared by the chemical procedure, it was 
used in a separation run. However, no significant reduction of ash content 
occurrea. Further developmental work continues in an effort to better separations 
by the density gradient method. 
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