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A Geochemical  P r o f i l e  of Tunalik No. 1 Wel l ,  
N a t i o n a l  P e t r o l e u m  Reserve  i n  A l a s k a  (NPRA) 

AR S TRACT 

plot tin^ r e c e n t l y  r e l e a s e d  o r g a n i c  ~ e o c h e m i c a l  d a t a  a g a i n s t  d e p t h  shows 

t h a t  t h e  s e d i m e n t a r y  s e c t i o n  p e n e t r a t e d  a t  t h e  T u n a l i k  No. 1 w e l l  i s  prone t o  

g e n e r a t e  ga s .  Trea tment  o f  f i f t e e n  geochemica l  p a r a m e t e r s  i l l u s t r a t e s  t h e  

o r g a n i c  q u a l i t y ,  q u a n t i t y ,  and t h e r m a l  m a t u r i t y  of w e l l  c u t t i n g s  and c o r e  

samples .  Major m a t u r i t y  i n d i c a t o r s  suggest  t h a t  t h e  s e c t i a n  i s  t h e r m a l l y  

mature  f o r  o i l  from a p p r o x i m a t e l y  3 ,300 f e e r  T O  10,500 feet (1,006 t o  3 , 2 0 0  m) .  

Kerogen t y p e s  are predominan t ly  he rbaceous  a n d  humic a n d ,  c o n s e q u e n t l y ,  y i e l d  

m a i n l y  g a s .  A d d i t i o n a l  ga s  i s  g e n e r a t e d  from t h e  t h e r m a l  d e g r a d a t i o n  of hydro- 

c a r b o n s  b u r i e d  beyond m a t u r i t y .  

INTRODUCTION 

The purpose  of t h i s  i n v e s t i g a t i o n  i s  t o  p rov ide  t i m e l y  geochemica l  i n f o r -  

m a t i o n  f o r  u s e  i n  s u p p o r t i n g  t h e  NPRA l e a s i n g  program. T h i s  geochemica l  p r o f i l e  

was c o n s t r u c t e d  from d a t a  on t h e  T u n a l i k  No. 1 w e l l ,  which i s  one of  21 w e l l s  

d r i l l e d  i n  t h e  NPRA by Husky O i l  Company under  c o n t r a c t  f o r  t h e  U.S .  G e o l o ~ i c a l  

Survey (USGS) ( C o n t r a c ~  jj14-08-0C1-16474). A l l  t h e  geochemica l  a n a l y s e s  pre- 

s e n t e d  i n  t h i s  r e p o r t  were  performed f o r  t h e  USGS by Geochem R e s e a r c h  Inc . ,  

and G l o b a l  Geochemis t ry  C o r p o r a t i o n  ( C o n t r a c t  814-08-001-19188). T u n a l i k  

w e l l  i s  l o c a t e d  i n  sec. 20, T. 1 0  N . ,  R.  36 W . ,  Umiar Meridian, i n  t h e  NPRA on 

A l a s k a ' s  N o r t h  Slope. D r i l l i n g  o p e r a t i o n s  s c a r r e d  on Oc tober  1 8 ,  1 9 7 8 ,  and 

t e r m i n a t e d  J a n u a r y  7 ,  1 9 8 0 ,  a f t e r  r e a c h i n g  a t o t a l  d e p t h  (TD)  of 20 ,335  f e e t  

( 6 , 1 9 8  m) ( 2 0 , 2 1 1  f e e t  [ 6 , 1 6 0  m ]  t r u e  v e r t i c a l  d e p t h ) .  No o i l - p r o d u c i n g  h o r i z o n s  

were  found. S t r o n g  mud-log gas shows were  e n c o u n t e r e d  i n  s e v e r a l  i n t e r v a l s ,  

b u t  no s u c c e s s f u l  t e s t s  of t h e s e  i n t e r v a l s  were made. 



C u t t i n g s ,  c o r e s ,  and s i d e w a l l  cores were t a k e n ,  s e a l e d  i n  c a n s  a t  t h e  

d r i l l  s i t e ,  a n d  a n a l y z e d  by Geochem R e s e a r c h  I n c . ,  and G l o b a l  Geochemis t ry  

Corporation. A n a l y t i c a l  p r o c e d u r e s  a r e  d e s c r i b e d  i n  M a ~ o o n  and Claypool  (1980 

and 1983) .  The r e s u l t s  of t h e  a n a l y s e s  were r e l e a s e d  t o  t h e  p u b l i c  i n  May 

1982 t h r o u g h  the N a t i o n a l  Ocean ic  and Atmospher ic  A d m i n i s t r a t i - o n  (NOAA). 

T h i s  r e p o r t  d e s c r i b e s  t h e  l i t h o l o g y ,  o r g a n i c  c a r b o n  ( Z  Corg), t o t a l  

c a r b o n ,  v i t r i n i t e ,  b lended  g a s  (C1 - C 7 ) ,  p r i ~ t a n e l ~ h y t a n e ,  v i s u a l  k e r o ~ e n ,  

p y r o l y s i s ,  and e l e m e n t a l  hydrogen ,  c a r b o n ,  and oxygen ( t a b l e  1, p l .  l), and 

the changes  of r h e s e  pa ramete r s  as a  f u n c t i o n  of d e p t h .  F i f t y  samples w i t h  

comple te  o r  n e a r l y  comple te  d a t a  s u i t e s  were chosen  t o  r e p r e s e n t  t h e  main 

l i t h o l o g i c  u n i t s ;  t o  p r o v i d e  a f a i r l y  c o n t i n u o u s  and even  d i s t r i b u t i o n  of d a t a ;  

and  t o  compare c u t t i n g s  a n a l y s e s  v e r s u s  core  a n a l y s e s .  My f o r m a t i o n  p i c k s  

accompany the g e o p h y s i c a l  l o g s  on p l a t e  2 .  

STRATIGRAPHY 

A t  t h e  T u n a l i k  No. 1 w e l l ,  a  scd ' imentary  s e c t i o n  of t h e  f o l l n w i n g  s t r a t i g r a p h i c  

o r d e r ,  o l d e s t  t o  y o u n g e s t ,  was d r i l l e d  and  logged :  L i s h u r n e  Group ( M i s s i s s i p -  

p i a n ) ,  S a d l e r o c h i t  C r o u p  ( P e r m n - T r i a s s i c ) ,  S h u h l i k  Format ion  ( T r i a s s i c ) ,  Sac 

River  Format ion ( T r i a s s i c ) ,  Kingak S h a l e  ( J u r a s s i c - C r e t a c e o u s ) ,  P e b b l e  S h a l e  

( C r e t a c e o u s ) ,  Torok Format ion  ( C r e t a c e o u s ) ,  and Nanushuk Group ( C r e t a c e o u s ) .  

Core and c u t t i n g s  d e s c r i p t i o n s  and g a s  shows are from t h e  T u n a l i k  l i t h o l o g i c  

w e l l  l o g .  Rocks a r e  d e s c r i b e d  "younges t  t o  o l d e s t "  t o  f a c i l i t a t e  compar ison 

w i t h  t h e  g e o c h e m i s t r y .  A l l  d e p t h s  are measured from K e l l y  Bush ings .  

Gubik Format ion  and Al luvium 

The surficial sed iments  are tundra -covered  a l l u v i u m  d e r i v e d  from t h e  

u n c o n s o l i d a t e d  sands  and g r a v e l s  of the  Gubik Format ion .  No g e o p h y s i c a l  l o g s  
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T a b l e  1.--Geochemical p a r a m e t e r s  versus d e p t h  a n d  11thoI-OQ . - - - - - - 

!5a=sandntone, sh=shal?, s d - s i d e r i t e ,  ai-silt stone, de-do l r ,mi tc .  
I m = l i m e s t o n e ,  mrl-mudstcne ,  s i s h - s i l i c e o u s  shsle 

l l u l t i p l y  d e p t h  by 0.3OhR m / f t  f o r  convers inn ,  

- L i g h t  Hydroc8rbons ( p a )  Pyrolyef  e Elementa l  R a t i o s  

C2-C.41 w e t -  r o c k  e x t r a c t s  Priritane,  V i n u a l  Kerouen hydro- Vola- 

Depth Tota l  c5-  nee^ 
Phy t a n e  r e l a t i v e  percent  c a r b o n s  t i l e s  A / C  O/C -- .--pp---p 

( f t )  L l t h o I o g v  XC,,, C XFQ TI1 C7 c1-C~ ( X I  l-Cq/n-C& rntio 
( p p )  v t z  r a t i o  h u  A e  A u  I n  v t X  ppm T p a x  a t o m i c  vtZ atom* 

9.610- 9 , 6 4 0  st1100 1.25 1.90 ---- 2.3 707 1 2 , 1 9 1 / 1 9 . 1 8 5  63.00 2 2 . 0 1 8 . 9  2.50 1 -- O b 2  33 25 0 . 1 1  334 456 1.87/h1.99 0.75 6.71/h1.99 0.0t 

9.910- 9 ,940 shloO 1.42 1.9n 1.24 2.4 h4n 1 1 . 4 ~ 0 1 i 9 , b n  59.00 2 7 . t , / i o . ~  2.60 4.6,2.8 4 0  20 -13  429 4 2 ~  4 . ~ 5 1 7 5 . 3 0  .71 u.~z/75.3n .01 

10,472 c o r e  shlOO 1 - 3 1  1.77 1 - 8 6  2-9  --- -------------- ----- --------- ---- ------- --- O 27 36 36 -21 909 408 3.36181.21 .TO 2.R2181.21 .n 
10.510-10,500 e h g g , s j  5 1 . 2 5  1 - 8 4  1 .62  2.7 5hh 3,1771 7,197 l b . 9 0  20.1118-4 1 , l n  ------_ --_ 1) 27 36 36 .11 365 426 3.67178.4A -56 ---------- 
10,810-10.040 s h l o 0  2.47 3.56 1.82 2.7 23 3 , 9 8 2 / 1 2 , 3 3 I  32.00 40,1118.5 2.20 ------- -- 31 33 1 7  17 -1" 321 416 ---------- ---- ---------- --- 

10,925-10.930 e i l 0 0  -21  1 - 0 1  2.11 3 .1  --- -------------- 16.4/15.6 1 .10  ------- --- 0 40 20 40 - 0 2  117 360 ---------- ---- ---------- ---- 
11.050-11.080 e i a o , ~ h 5  .70 1 . 2 5  ---- --- 192 9PO/ 3,581 27.00 ---- - - - - - - - - - - -10 642 384 ---------- ---- ---------- ---- 
11,410-11 ,440 a h 4 0 , e a ~ 0 , s f 2 0  . B 1  1.42 1 .90  2.7 35 274/ 6,147 4.00 36.1110.7 1 .93  --- 8 25 33 33 .50 112 b04 3.43147.70 ,hl  ---------- ---- 
11.677 c o r e  e h l o ~  1-99 2 - 7 3  2 - 1 1  3.2 --- -------------- 28.8115.4 1.87 --- 

0 27 36 36 -10 197 5n4 3.b9186.54 .48 2.52fR6.56 .n; 
11.710-11 ,740 ~ h 7 0 , m u 3 0  1 .45  2 .3s  2.17 2.7 1 2 , 6 h 1 i  1 6 , 0 h 3  16 .00  43.4114.4 3.01 ------- -_- 0 36 27 36 .10 220 612 3.58fbA.9R .h2 ---------- ---- 

12,070-12 .100 ehgo 1 .21  2.23 1 - 8 6  3.4 3 .  3401 6 ,638 5.00'--------- ---- 6.2/2.8 2.2 15 23 31 3 1  .09 1 5 8  667 4.81/61.09 -94 ---- 
12.572 core s i l o ~  -93  1 - 6 8  2-48 3.5 --- -------------- 17.8116.3 1.09 --- 0 20 40 40 -06 202 531 3.40176.9B - 5 3  ---------- ---- 
12.910-12,940 do4o.eh40 1.01 1.72 2 - 5 6  3.3 2 5  1.0711 8 ,110 13.00 42.0112.2 3.40 ' --- 23 3 1  31 1 5  -05  111 443 4.76/67.R4 .84 14.21f67.84 . I t  

13 ,540-13 .570 a h l o o  .92 1 - 1 8  2.86 3.3 2 2771 20,1145 1 .00  1R.4/14.0 1.24 ------- -- 0 20 LO 40 .02 7b 622 3.10/63.84 .hO 11.84f63.84 . I4  

13 ,840-13 .870 eh80 1.17 1.62 2.91 3.3 6 1.5781 15 ,706 10.00 52.6/29.5 1.78 -- 1 7  25 33 25 -02 5 0  433 3.R2169.01 .h6 ----------- ---- 

14.200-14.230 mhl00 2 .22  2-49 2 - 5 9  -- 0 ----- ---- - - - - - - - - - - - - - - - - - -10 362 424 ---------- ---- ---------- ---- 
14,500-14,530 s h l 0 0  1.34 2.42 2-56  3 .6  0 1 ,2671 1 7 , 4 0 3  7.00 ---- ----- - 8 25 33 33 -09 352 408 ---------- ---- ------ ---- ---- 
14.518 colt mh100 - 6 0  .68 3 - 6 2  3.9 --- -------------- ----- 6.1/ 2-5  I . 6 h  ------- --- 0 20 40 6 0  -02 1 9  390 --- ----- ----- ---- 
15.070-15,100 ah60 1.68 2.66 ---- 3.7 1869 2831 6 ,387 1 . 0 3  ---- -- -15 853 412 ---------- ---- ---------- ---- 
15.550-15,580 a i s h g n  .30 1.16 ---- --- 1387 591 2.901 2.00 ------a --- -- -- -- - .06 267 405 ---------- ---- --- ------- ---- 



Table  1 . - -Geochemica l  parameters  versus d e p t h  and lithnloa 

(sa=sandstone,  s h s s h a l e ,  s d - s i d e r i t e .  s i - s i l t s t o n e .  do=do!unit~, 
Im-I imes tone ,  mu-mudstone. s i s h - s i l i r e o u s  shale 

M u l t f p l y  d e p t h  by 0.39$5 m l f t  f o r  c o n v e r , ~ o n )  

Light  Aydrocsrbons ( ~ P I  
P y r o l y s i s  

vet- rock  e x t r a #  -- C2-C&/ P r i s t a n e 1  Viaual  Kcropen hydro- Vola -  

Elementa l  Rat ion  
.- 

Depth T o t a l  c5- I Phytnne  nee s 
r e l a t i v e  percent c a r b o n e  t i l r a  -- A/C 

(%) i-C4/"-Ch r a t i o  
-- 01 c 

( f t )  L i t h o l o ~ v  %Cmq C X b  Thl  -3- _ 2 r C 4  (PP) r a t i o  He Hu In utX p p  T2max vtX a tomic  vtZ a t 0 3  

15,970-16,000 slshg5 0.51 1.26 3.70 3.6 71 931 2.037 4.00 3 - 2 1  6.7 0.68 ' -- 
0 40 20 40 0.06 336 40n 4.42/53.R2 n.99 ---------- ---- 

1 6 , 2 5 6  c o r e  8hl00 . 2 7  ---- (1 2 2  31 6 &  .15 660 b l h  ---------- ---- ---------- ---- 4 - 0 6  4.1 --- -------- - ----- 4 - 6 /  -71 ------- --- 

16.57C-16,600 s h l ~ f l  .&I .80 4 . 0 0  3.7 5 3 2  1111 2 .510 7.00 5.3112.o .44 --- 0 36 27 7 6 .  .06 270 417 3 .47159 .51  .70 ---------- ---- 
.31 4.30 4.1 --- -------------- ----- 

17.14% c o r e  sh l00  2.61 7~~ .35 ------- --- o 22 71 ~ 4  - 0 8  ,512 411 ---------- ---- ---------- ---- 

17.230-17.260 a i a h  .37 2.77 4.28 4 .1  495 411 1 .822  2.00 6.1119.3 - 3 2  ------- --- o o 5n 50 .05 235 435  ---------- ---- ---------- ---- 

17 .800-17 .830  s i a h  .26 4.42 4.27 3.7 2h6 6 5 /  1,077 6-00  10.2113.1 .78 ------- --- 
O 11 h 4  4 4  .O& 159 l Z 1  3.h5158.7R .74 ---------- ---- 

1 8 , 5 2 0  c o r e  l m g ~ . s h ~ o  .35 8.79 4.67 4.1 339 661 2 ,233 3.00 . 9 /  2.L . 38  -- 11 22 22  44 .05 218 626 4.90/52.24 1 .10  ---------- ---- 
18,820-18.850 lmgo.ah2n .42 7 . 5 8  4.65 4 . 1  86 0 25 7 5  5 0  .0& 187 429 ---------- ---- ---------- ---- 901 3.870 1.40 3.31 9.7 -34 - - - - - - - - - - 
19,420-19.450 Im85.eh5 .33  7.17 5.02 4.0 62 0 20 40 40 271 912  3.00 1 .31  7.1 '-18 --- - -- - -- .08 322 420 5.58/52.02 1.30 36.02/5?.02 P.52 

20,26*20,290 1 ~ 7 0 . a h l 0  .35 7.67 ---- 8.216.5 1.3 0 20 4 0  40 ,nh 2 0 9  422 ---------- ---- ---------- ---- 4.2 57 1R1/ 1 ,366 13.00 --------- ---- 



r e c o r d e d  t h e  t o p  106 f e e t  ( 3 2  m) of t h e  w e l l ,  b u t  Ramma r a y  l o g s  of nearby  

s h o t  h o l e s  show t h e  combined t h i c k n e s s  of a l l u v i u m  and Gubik t o  be 20 t o  40 

f e e t  ( h T O  12 m) ( G .  M a r t i n ,  w r s o n a l  commrinication, 1 9 8 2 ) .  

Nanushuk Group 

The Nanushuk Group  i s  d i v i d e d  i n t o  t h e  nonmarine Corwin Format ion  and t h e  

u n d e r l y i n g  Kukpowruk Format ion.  The Corwin Format ion  i s  a p p r o x i m a t e l y  3 ,650 

f e e t  ( 1 , 1 1 2  m )  t h i c k  a t  t h e  w e l l .  The u p p e r  c o n t a c t  i s  e r o s i o n a l  ( Y o l e n a a r ,  

1 9 8 1 ) ,  and t h e  base  of t h e  c o a l - b e a r i n g  s e c t i o n  i s  picked a t  3 ,708  f e e t  ( 1 , 1 3 0  m) 

(p l .  2 ) .  The l i t h o l o g y  i s  subb i tuminous  c o a l ,  c l a y s t o n e ,  a ~ u d s t o n e ,  s i l t s t o n e  

w i t h  s i d e r i t e  n o d u l e s ,  ca rbonaceous  s h a l e ,  and v e r y  f i n e  g r a i n e d  t o  medium- 

s rained s a n d s t o n e .  P o r o s i t y  of t h e  s a n d s  r a n g e s  from 8 t o  17 p e r c e n t .  

The Kukpowruk Format ion ,  3 ,708  t o  6 , 2 8 0  f e e t  ( 1 , 1 3 0  t o  1 , 9 1 4  m), c o n s i s t s  

of s h a l e ,  s i l t s t o n e ,  c l a y s t o n e ,  and very f i n e  g r a i n e d  t o  medium-grained s a n d s t o n e .  

P o r o s i t i e s  a r e  l e s s  t h a n  i n  t h e  Corwin Format ion ,  r a n g i n g  from 4 t o  6 p e r c e n t .  

Minor g a s  shows, 198-1,300 u n i t s ,  were r e p o r t e d  i n  t h i s  i n t e r v a l .  

Torok Format ion 

The Torok F o r m a t i o n ,  6 , 2 8 0  t o  1 0 , 6 3 3  f e e t  ( 1 , 9 1 4  t o  3 , 2 4 1  m), i s  predomi- 

n a n t l y  a  monotonous sequence  of g r a y  s h a l e  w i t h  minor t h i n  beds of s i l t s t o n e s  

and very f i n e  g r a i n e d  t o  f i n e - g r a i n e d  sandstone. It i s  conformable  b e n e a t h  

t h e  Nanushuk Group, and t h e  c o n t a c t  i s  picked a t  t he  o n s e t  of t h e  u n e v e n t f u l  

l o g  r e s p o n s e  ( ~ 1 .  2 ) .  Minor gas shows, 132-3,000 u n i t s ,  were r e c o r d e d .  

Pebb le  S h a l e  

The P e b b l e  S h a l e ,  10 ,622  t o  1 0 , 9 0 3  f e e t  ( 3 , 2 4 1  t o  3 , 3 2 3  m), i s  conformable  

benea th  t h e  Torok Format ion.  The u n i t  i s  e a s i l y  r e c o g n i z e d  on l o g s  by t h e  



h i g h e r  i n t e r v a l  t r a n s i t  t ime compared t p  t h e  s u r r o u n d i n g  r o c k s  and bv t h e  

gamma r a y  zone a t  t h e  t o p  of t h e  u n i t  ( p l .  2 ) .  The gamma r a y  zone i s  a wide- 

s p r e a d  o r g a n i c - r i c h  s h a l e  (%COrg= 2 .47%) ( t a b l e  1) t h a t  i s  a l s o  m i l d l y  

r a d i o a c t i v e  and i s  e a s i l y  p icked on gamma r a y  l o g s .  I t  i s  a  u s e f u l  marker 

o v e r  much of t i l e  Nnrth  S l o p c .  T h e  l i t h o l o g y  i s  p redominan t ly  f i s s i l e ,  s p l i n t e r y  

s h a l e  w i t h  minor  s a n d s t o n e  heds  and t h e  ra re  q u a r t z i t e  o r  c h e r t  pebb le  charac -  

t e r i s t i c  o f  t h i s  u n i t .  A r e g i o n a l  u n c o n f o r m i t y ,  t h e  Lower C r e t a c e o u s  u n c o n f o r m i t y  

(LCU) i s  t h e  b a s e  of t h e  Pebb le  S h a l e .  

Kingak S h a l e  

The Kingak S h a l e ,  10 ,903  t o  1 4 , 3 5 2  f e e t  (3 ,323  t o  4 ,374  m),  i s  e roded  a t  

t h e  LCU. It i s  d i v i d e d  i n t o  a n  u p p e r  and lower  u n i t  a t  a  C r e t a c e o u s - J u r r a s i c  

u n c o n f o r m i t y  a t  a p p r o x i m a t e l y  12 ,507  f e e t  ( 3 , 8 1 2  m). The C r e t a c e o u s  u n i t  

c o n s i s t s  of b l a c k  p l a t y  s h a l e  and v e r y  f i n e  g r a i n e d  t o  f i n e - g r a i n e d  g a s - b e a r i n g  

s a n d s  (150-560 u n i t s ) .  The J u r a s s i c  u n i t  a l s o  c o n s i s t s  p r i m a r i l y  of b l a c k  

m a r i n e  s h a l e  w i t h  minor  amounrs of s i l t s t o n e  and v e r y  f i n e  g r a i n e d  s a n d s t o n e .  

Sag R i v e r  Format ion  

The Sag R i v e r  F o r m a t i o n ,  1 4 , 3 5 2  t o  1 4 , 6 4 0  f e e t  ( 3 , 3 2 3  t o  4 , 4 6 2  m), i s  

conformable beneath t h e  Kingak Shale. The t o p  i s  p icked  a t  an a b r u p t  d e c r e a s e  

i n  t h e  i n t e r v a l  t r a n s i t  t i m e ,  and t h e  base i s  picked a t  a n o t h e r  v e l o c i t y  i n c r e a s e  

( p l .  2 ) .  The l i t h o l o g y  i s  m o s t l y  g r a y  t o  dark-gray s h a l e  w i t h  minor amounts 

of s i l t s t o n e .  

S h u b l i k  Format ion  

One hundred e i g h t y  fee t  of S h u b l i k  F o r m a t i o n ,  1 4 , 6 4 0  t o  1 4 , 8 2 0  f e e t ,  ( 3 , 3 2 3  

t o  4 , 5 1 7  m) u n d e r l i e  t h e  Sap R i v e r .  The u n i t  c o n s i s t s  of b l a c k ,  s i l t y ,  f i s s i l e  



s h a l e  i n t e r f i n g e r s  w i t h  s i l t s t o n e  and l i m e s t o n e  a t  t h e  t o p  and becomes l e s s  

s i l t y  and more c a l c a r e o u s  w i t h  d e p t h .  The b a s e  of t h e  u n i t  r e v e r r s  t o  a b l a c k  

s h a l e  l i t h o l o g y ,  easily picked from t h e  l a g s .  

Sadlerochi t Group 

The S a d l e r o c h i t  Group i n c l u d e s  t h e  I v i s h a k  and Echooka Format ions .  The 

I v i s h a k  F o r m a t i o n ,  1 4 , 8 2 0  t o  16,884 f e e t  ( 4 , 5 1 7  t o  5 ,146  m ) ,  c o n s i s t s  of  v e r y  

f i n e  g r a i n e d  t o  medium-grained s a n d s t o n e s  i n t e r b e d d e d  with b l a c k  p l a t y  t o  

s u b f i s s i l e  s h a l e  a t  t h e  t o p  of t h e  u n i t .  Below 15 ,562  f e e t  ( 4 , 7 4 3  m), t h e  

u n i t  i s  a u n i f o r m  a r g i l l a c e o u s  g r a y  s i l t s t o n e  w i t h  b l a c k  s h a l e  l a m i n a .  No g a s  

shows were r e c o r d e d  t h r o u g h  t h i s  i n t e r v a l .  

S i l t s t o n e s  of t h e  Echooka F o r m a t i o n ,  16,884 t o  1 7 , 1 0 0  f e e t  ( 4 , 5 1 7  t o  

5 , 2 1 2  m), are t h e  b a s a l  u n i t  of t h e  S B d l e r o c h i t  Group. Thes'e s i l t s t o n e s  are 

d a r k  g r a y  t o  b l a c k  and sandy.  The u p p e r  c o n t a c r  i s  conformable  and d i s t i n c t  

on t h e  l o g s ,  a s  i s  t h e  lower  unconformahle  b a s a l  c o n t a c t  w i t h  t h e  L i s b u r n e  

Group  c a r b o n a t e s  ( p l .  2). 

L i s b u r n e  Croup 

T h e  p redominan t ly  c a r h o n a t e  L i s b u r n e  Group, 17 ,100  t o  20,335 f e e t  ( 5 , 2 1 5  

t o  6 , 1 9 8  m) (TD), i s  t h e  d e e p e s t  sequence  p e n e t r a t e d .  The  t o p  of t h e  u n i t ,  

1 7 , 1 0 0  t o  1 7 , 5 6 0  f e e t  ( 5 , 2 1 5  t o  5 ,352 m),  c o n s i s t s  of i n t e r b e d d e d  s i l t y  l i m e -  

s t o n e ,  s i l t s t o n e ,  and minor  f i n e - g r a i n e d  s a n d s t o n e .  T h i s  o v e r l i e s  a  th ick  

s e c t i o n  of v o l c a n i c  r o c k s ,  1 7 , 5 8 0  t o  1 8 , 3 0 4  f e e t  ( 5 , 3 5 2  t o  5 ,579  m),  c o n s i s t i n g  

of  a n d e s i t e  ( ? I  w i t h  minor  a c c e s s o r y  c h l o r i t e ,  f e l d s p a r ,  and c a l c i t e  vein 

f i l l .  Approx imate ly  20 f e e t  ( 6  m) of b l a c k  s h a l e  u n d e r l i e s  t h e  v o l c a n i c s .  

The r e s t  of r h e  sequence t o  TD i s  t h e  l i m e s t o n e  and s i l t y  l i m e s t o n e  of t h e  

Wahoo Format ion  



GEOCHEMISTRY 

F i f t e e n  geochemica l  p a r a m e t e r s  a r e  l i s t e d  i n  t a b l e  1 t o  i l l u s t r a t e  changes  

a s  a f u n c t i o n  of d e p t h .  The l i t h o l o g i e s  d e s c r i b e d  i n  t h e  s t r a t i g r a p h y  are 

l i s t e d  a s  p e r c e n t a g e s  of each sample .  Some samples  o n l y  l i s t  t h e  dominant  

l i t h o l o g y  ( e . g . ,  Sh 80)  and no minor l i t h o l o g i e s  a s  p e r  t h e  d a t a  released by 

N O A A .  

Organ ic  Carbon 

The p e r c e n t  of  o r g a n i c  c a r b o n  i s  l i s t e d  f o r  e a c h  sample .  It i s  

e s p e c i a l l y  h i g h  i n  t h e  Corwin Formar ion  b e c a u s e  a£ t h e  numerous c o a l s .  I n  

f a c t ,  t h e  e n t i r e  s e c t i o n  t o  R d e p t h  of a p p r o x i m a t e l y  15,000 f p c t  ( 4 , 5 7 2  m) 

i s  r i c h  i n  o r g a n i c  m a t e r i a l  ( i . e . ,  > 1 p e r c e n t ) .  T h i s  amount i s  c o n s i d e r e d  t o  

be good s o u r c e - r o c k  p o t e n t i a l  ( t a b l e  2 )  f o r  s i l i c i c l a s t i c  r o c k s .  The s e c t i o n  

i s  l e a n  in o r g a n i c s  between 15,000 and 18 ,304  f e e t  ( 4 , 5 7 2  t o  5,579 m) (sloughing 

o f  u p s e c t i o n  c u t t i n g s  make the  v o l c a n i c  r o c k s  i n c o r r e c t l y  a p p e a r  t o  have o r g a n i c  

c a r b o n ) .  C a r b o n a t e  r o c k s  h e l o w  1 8 , 5 0 0  f e e t  ( 5 , 6 3 9  m) have 0.35 t o  0 .42  p e r c e n t  

o r g a n i c  c a r b o n ,  b u t  t h i s  r i c h n e s s  ( t a b l e  2 )  may a l s o  be m i s l e a d i n g  because  of 

s l o t l g l - ~ i n ~  of upsec t  i o n  material. 

. A l s o ,  t h e  u s e  of o n l y  o r ~ a n i c  c a r b o n  as  a source - rock  i n d i c a t o r  may be 

m i s l e a d i n g  b e c a u s e  i t  does  n o t  d i f f e r e n t i a t e  between k i n d s  of o r g a n i c  m a t e r i a l  

o r  m a t u r i t y .  I n e r t i r i i t e  and r e c y c l e d  o r g a n i c  m a t e r i a l  p r e s e n t  i n  most  r o c k s  

w i l l  n o t  g e n e r a t e  h y d r o c a r b o n s .  I n  a d d i t i o n ,  t h e  g e n e r a t i o n  of hydrocarbons  

from o r g a n i c  m a t t e r  i s  v e r y  i n e f f i c i e n t ,  i . e . ,  o n l y  a b o u t  3 p e r c e n t  i s  c o n v e r t e d  

i n t o  C15+ h y d r o c a r b o n s  (Hunt ,  1 9 7 9 ,  p. 2 0 4 ) .  These  f a c t s  are i l l u s t r a t e d  by 

t h e  T u n a l i k  Well data. Samples d e e p e r  t han  10,500 f e e t  (3 ,200  m) w i t h  g r e a t e r  

t h a n  1 p e r c e n t  CnrE have no  hydrocarbon  p o t e n t i a l .  



Table 2.--Comuarison of organic richness 

(Source-~ock Eva lua t ion  Manual, Geochem Laboratories) 

Percentage Organic Carbon Percentage Organic Carbon Sour ce-Rock 
Clastics Carbonates P o t e n t i a l  

Poor 
F a i r  
Good 
Very Good 
Excel lent  



T o t a l  Carbon 

An e s t i m a t e  of c a r b o n a t e  c a r b o n - i s  a v a i l a b l e  f rom t h e  d i f f e r e n c e  between 

t o t  a 1  c a r b o n  and o r g a n i c  ca rbon ;  b o t h  m e a s u r e r e n t s  a r e  d i r e c t  measurements .  

However, e r r o n e o u s  d a r a  may be g e n e r a t e d  f rom t h e  a n a l y s e s  of  c a r b o n a t e  r o c k s  

b e c a u s e  t h e  p e r c e n t  e r r o r  i n  t h e  method of measur ing o r g a n i c  c a r h o n  i s  o f t e n  

of t h e  same o r d e r  a s  t h e  a c t u a l  amount of o r g a n i c  c a r b o n  (Waples ,  1 9 8 0 ) .  

C o n s e q u e n t l y ,  t h e  c a r b o n a t e  s e c t i o n  of t h e  T u n a l i k  w e l l  may have s u s p e c t  o r g a n i c  

c a r b o n  v a l u e s  ( t a b l e  1 ) .  C laypoo l  (1983, w r i t t e n  commumication) adds  t h a t  

e s t i m a t e s  of c a r b o n a t e  c a r b o n  c o n t e n t s  i n  c o a l y  s e c t i o n s  a r e  a l s o  s u s p e c t  

b e c a u s e  of t h e  u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  d i f f e r e n c e  between l a r g e  numbers. 

V i t r i n i t e  Re f l ec t ance  

Mean v a l u e s  of  % R o  ( o v e r  30 measurements /sample)  a r e  l i s t e d  and p l o t t e d  

( t a b l e  1, p l .  1). Good, single-mode r e f l e c t a n c e  d a t a  of p r imary  v i t r i n i t e  i s  

p robab ly  t h e  b e s t  i n d i c a t o r  of o r g a n i c  m a t u r i t y  t h r o u g h  t h e  o i l - g e n e r a t i n g  

r a n g e .  %Ro v a l u e s  between 0.6 and 1 . 2  (Dow, 1 9 7 7 ) ,  0.6 and 1 . 5  ( T i s s o t  and W e l t e ,  

1978) ,  and 0.6 and 1.35 (Hunt ,  1979)  a r e  ~ e n e r a l l y  a c c e p t e d  a s  l i m i t s  f o r  

E e n e r a t i n g  and p r e s e r v i n g  o i l .  Gas may be g e n e r a t e d  t o  % R o  v a l t ~ e s  of  3 p e r c e n t  

o r  more owing t o  t h e  t h e r m a l  d e g r a d a t i o n  of ke rogen  and a l r e a d y  g e n e r a t e d  

h y d r o c a r b o n s .  V a r i a t i o n s  i n  t h e  %Ro l i m i t s  r e f l e c t  t h e  u n i q u e n e s s  of t h e  

k e r o g e n ,  s e d i m e n t a r y  b a s i n s ,  and i n v e s t i g a t o r s .  

V i r r i n i t e  r e f l e c t a n c e  values  f o r  e v e n  t h e  s h a l l o w e s t  samples  ( t a b l e  1 )  

show t h a t  c o n s i d e r a b l e  b u r i a l  and d i a g e n e s i s  h a s  a l r e a d y  o c c u r r e d .  Note t h e  

s u b b i t u m i n o u s  c o a l s  i n  t h e  Corwin Format ion .  The o i l - g e n e r a t i n g  window i s  

f rom a p p r o x i m a t e l y  3 , 3 0 0  f e e t  (1 ,006  m) ( c o r e  sample )  t o  a p p r o x i m a t e l y  1 0 , 0 0 0  

f e e t ,  ( 3 , 0 4 8  m) and t h e  g a s - g e n e r a t i n g  window e x t e n d s  t o  a p p r o x i m a t e l y  1 4 , 0 0 0  



T f ee t  ( 4 , 2 6 7  m). T h i s  shows t h a t  thermal m a t u r i t y  has been  reached i n  t h e  

s e c t i o n  above t h e  LCU ( p l .  2 ) .  

Dow (1977)  has used %Ro p l o t s  t o  e s t i m a t e  the amount of e r o s i o n  a t  

u n c o n f o r m i t i e s .  By e x t r a p o l a t i n g  t h e  %Ro from t h e  Nanushuk Group t o  a v a l u e  

of .20  p e r c e n t ,  as i s  found i n  p e a t ,  a p p r o x i m a t e l y  4 ,500  f e e t  of s e c t i o n  a p p e a r s  

t o  have heen e r o d e d ,  assuming no d r a f i a t i c  change i n  g e o t h e r m a l  g r a d i e n t .  There  

i s  no n o t i c e a b l e  c h a n ~ e  i n  %Ro a c r o s s  t h e  LCU;  t h i s  s u g p e s t s  t h a t  t h e  

u p p e r  Kingak s h a l e  was n o t  t o o  d e e p l y  b u r i e d ,  and t h e r e  were  no m a j c r  changes  

j n  t h e  geo the rmal  g r a d i e n t  d u r i n g  t h e  Lower Cretaceous e r o s i o n .  

The  s l o p e  of t h e  %R, l i n e  i s  s t e e p  i n  t h e  S a d l e r o c h i t  and L i s b u r n e  Groups.  

Al though i n f o r m a t i o n  from o v e r  m a t u r e  %Ro v a l u e s  ( g r e a t e r  t h a n  3 p e r c e n t )  may 

be d u b i o u s ,  t h e  s t e e p  s l o p e  may r e f l e c t  a lower  g e o t h e r m a l  g r a d i e n t  o r  s l o w  

s e d i m e n t a t i o n  d u r i n ~  L i s b u r n e  d e p o s i t i o n .  

Thermal A . l t e r a t i o n  Index  ( T A I )  

The TAL v a l u e s  range  from 2.0 t o  4 . 2  i n  t h e  T u n a l i k  samples .  The TAI i s  

l e s s  s e n s i t i v e  t h a n  %Ro v a l u e s  as  a  m a t u r i t y  i n d i c a t o r  b e c a u s e  i t  i n v o l v e s  

c o n s i d e r a b l e  s t l b j e c t  i v i  tv i n  p i c k i n g  f he  k e r o g e n  c o l o r  changes; and v a r i a b l e s  

s u c h  a s  c o l o r ,  l i g h t  t r a n s m i s s i o n ,  and r e f l e c t i v i t y  a r e  i n t e r r e l a t e d .  The o i l -  

g e n e r a t i n g  window, as d e f i n e d  by TAI = 2.0-3.0, would be from t h e  s u r f a c e  t o  

a p p r o x i m a t e l y  1 1 , 7 1 0  f e e t ,  which i s  l e s s  d e f i n i t i v e  t h a n  the %Ro. 

L i g h t  Hydrocarbons  

The Cl-C7 l i g h t  hydrocarbons  ( i . e . ,  blended  cuttings and headspace  gas )  

are a l s o  i m p o r t a n t  d i r e c t  indicators of hydrocarbon generation, thermal maturity, 

and kerogen  q u a l i t y .  S i g n i f i c a n t  amorlnts of t h e  C2-C7 f r a c t i o n  are found i n  



o i l s  and t h e r m a l l y  m a t u r e  s e d i m e n t s ,  b i t  n o t  i n  plants, a n i m a l s ,  and t h e r m a l l v  

immarure s e d i m e n t s  ( T i s s o t  a n d  W e l t e ,  1 9 7 8 ,  p. 459 a n d  Hunt ,  1 9 7 9 ,  p. 1 5 3 ) .  

T h i s  e v i d e n c e  i n d i c a t e s  t h a t  these hydrocarbons  a r e  p r o d u c t s  of c a t a g e n e s i s .  

G e n e r a t i o n  of t h e  g a s o l i n e  r a n g e ,  t o t a l  C g - C 7 ,  i n c r e a s e s  s t e a d i l y  t o  a 

d e p t h  of 9 ,500 f e e t  ( 2 , 8 9 6  m) f rom t h e r m a l  d e g r a d a t i o n  of ke rogen .  Relow 

1 0 , 0 0 0  f e e t  (3 ,048  m), t h e  k e r o ~ e n  c e a s e s  t o  g e n e r a t e  t h i s  f r a c t i o n  (p l .  I ) ,  

a n d  below 15 ,000  f e e t  ( 4 , 5 7 2  m) ,  t h e  C5-C7 f r a c t i o n  r e p r e s e n t s  t h e  t h e r m a l  

breakdown ( c r a c k i n g )  of p r e v i o u s l y  formed hydrocarbons  that a r e  u n s t a h l e  a t  

h i g h e r  t e m p e r a t u r e s .  Note t h e  a l k a n e  d i s t r i b u t i o n s  ( p l .  2 )  becoming skewed 

toward i n c r e a s i n g  amounts of s h o r t e r  c h a i n  n -a lkanes  it t h e  expense  of  t h e  

l o n g e r  c h a i n  n -a lkanes  . 

The t o t a l  C1-Cq and C2-Cq f r a c t l o n s  and t h e  w e t n e s s  r a t i o  ( C ~ - C ~ / C ~ - C ~ )  

are  p l o t t e d  on p l a t e  1. The c o n c e n t r a t i o n  of methane (C1) i s  e s p e c i a l l y  h i g h ,  

a p p r o x i m a t e l y  8 0 , 0 0 0  ppm, i n  t h e  c o a l - b e a r i n g  Corwin Format ion.  The d a t a  a r e  

s o  d r a m a t i c  t h a t  t h e  Corwin Format ion  c o u l d  be p icked  from e i t h e r  t h e  t o t a l  C1-Cq 

p l o t  o r  t h e  w e t n e s s  p l o t  ( p l .  1 ) .  Through t h e  mature  s e c t i o n  t h e  t o t a l  C l - C q  

a n d  t o r a l  C 2 - C q  c o n c e n t r a t i o n s  a r e  f a i r l y  c o n s t a n t .  Wetness i n c r e a s e s  t o  80 

pe rcen t  a t  t h e  base of t h e  o i l - g e n e r a t i n g  z o n e ,  b u t  d e c r e a s e s  t o  less t h a n  

20 p e r c e n t  i n  t h e  o v e r  m a t u r e  s e c t i o n  where t o t a l  C2-Cq i s  d e p l e t e d  ( p l .  1). 

Rut a n e  

Both  b u t a n e s  from rock  e x t r a c t s ,  n-Cq and i-Cq, a r e  p l o t t e d  as  a r a t i o  

(i-Cq/n-Cq) t o  d e m o n s t r a t e  i s o m e r i c  e q u i l i b r i u m  as a  f u n c t i o n  of m a t u r i t y  

( R e z n i k o f ,  1969) .  Thermodynamical ly ,  immature  sed iments  s h o u l d  have a h i g h e r  

percentage of  i-C4 because t h e  t e r t i a r y  carbon of i - C 4  s h o u l d  c l e a v e  more 

e a s i l y  from t h e  k e r o g e n  t h a n  t h e  n-Cq a t  lower  t e m p e r a t u r e s .  A t  h i g h e r  ternpera- 



a t u r e s  e q u i l i b r i u m  t e n d s  towards  u n i t y .  As o h s e r v e d  from s a m p l e s  i n  t h e  T u n a l i k  

w e l l ,  t h i s  i s  g e n e r a l l y  t r u e .  However, i t  a p p e a r s  t h a t  t h e  e n r i c h e d  i - C q  may 

be a function of t h e  Corwin Formation l i t h o l o g y  r a t h e r  t h a n  s t r i c t l y  owing t o  

thermodynamics.  

C15+ Alkanes  

Values f o r  ex t r ac ted  C15+ a l k a n e s  a r e  p r e s e n t e d  on p l a t e  2 f o r  samples  

w h e r e  d a t a  a r e  a v a i l a b l e .  Carbon p r e f e r e n c e  i n d i c e s  ( c P I )  and p r i s t a n e / p h y t a n e  

r a t i o s  a r e  c a l c u l a t e d  w h e r e  d a t a  a r e  s u f f i c i e n t .  The s h a l l o w e s t  s a m p l e ,  a t  

3 ,300 f e e t ,  shows a n-a lkane d i s t r i b u t i o n  common t o  s e d i m e n t s  r i c h  i n  l a n d  

p l a n t  m a t e r i a l .  The d e e p e r  samples  show a  more normal  d i s t r i b u t i o n  of  

n -a lkanes  extracted from mar ine  s e d i m e n t s .  Also  d e m o n s t r a t e d  i s  t h e  l o s s  of  

t h e  l o n g e r  a lkanes  ( g r e a t e r  r h a n  C 2 4 )  w i t h  i n c r e a s i n g  t h e r m a l  d e g r a d a t i o n  (p1 .2 ) .  

C P I  v a l u e s  show no  d i s t i n c t  t r e n d s ,  which may be b e c a u s e  t h e  s e d i m e n t a r y  s e c t i o n  i s  

a l r e a d y  mature .  

E i g h t  p r i s t a n e / p h y t a n e  r a t i o s  a re  a v a i l a b l e .  Va lues  a r e  h i g h  i n  t h e  

Kukpowruk and Torok F o r m a t i o n s ,  i n d i c a t i n g  t h a t  there i s  a s i g n i f i c a n t  c o n t r i -  

burion of l a n d  p l a n t  m a t e r i a l  t o  t h e  k e r o g e n  (Connan and  Cassou,  1 9 8 0 ) .  The 

r a t i o s  a r e  t o o  s p a r s e  i n  the  d e e p e r  rocks, and t h e  r o c k s  a r e  r o o  mature  i n  the  

d e e p e r  p a r t  of t h e  s e c t i o n  t o  show any  s i g n i f i c a n t  changes  w i t h  dep th .  

Kerogen 

Kerogen i s o l a t e d  from t h e  c u c t i n g s  and c o r e s  i s  d i v i d e d  i n t o  f o u r  c a t e g o r i e s  

based  on v i s u a l  d e s c r i p t i o n :  1) amorphous,  presumably d e r i v e d  from a l g a l  

m a t e r i a l s  which a r e  o i l  p rone  upon maturity; 2 )  herbaceous, c o n s i s t i n g  of 

s p o r e s ,  p o l l e n ,  g r a i n s ,  c u t i c l e s ,  and leaf e p i d e r m i s  of t e r r e s t r i a l  o r i g i n  and 

l a r g e l y  g a s  p rone ;  3)  humic,  woody m a t e r i a l  w i t h  r e c o g n i z a b l e  m i c r o s c o p i c  



c e l l u l a r  s t r u c t u r e ,  ga s  prone;  4 )  i n e r t i n i t e ,  c o n s i s t i n g  of r e c y c l e d ,  c a r b o n i z e d  

m a t e r i a l ,  p robab ly  n o t  c a p a b l e  of g e n e r a t i n g  hydrocarbons .  

Herbaceous  k e r o g e n  i s  a  m a j o r  c o n s t i t u e n t  t o  a p p r o x i m a t e l y  1 0 , 0 0 0  f e e t  

( 3 , 0 4 8  m ) .  Deeper t h a n  10 ,000  f e e t  ( 3 , 0 4 8  m),  the humic k e r o g e n  and i n e r t i n i t e  

are t h e  d o m i n a n t  k e r o g e n  s w c i e s .  Amorphous k e r o g e n  i s  r a r e  and a minor  con- 

s t i t u e n t  when found.  

The T u n a l i k  w e l l  d r i l l i n g  r e c o r d  r e p o r t e d  o n l y  g a s  shows. T h i s  f a c t  i s  

c o n s i s t e n t  w i t h  t h e  k e r o g e n  a n a l y s e s .  The only a p p r e c i a b l e  amorphous m a t e r i a l  

was recorded  f r o m  10,810 t o  10 ,840  f e e t  ( 3 , 2 9 5  t o  3 ,304  m )  I n  t h e  P e b b l e  S h a l e  

u n i t ,  which i s  beyond t h e  o i l - g e n e r a t i n g  window and i n t o  t h e  b e g i n n i n g  of t h e  

t h e r m a l  d e g r a d a t i o n  phase .  

O t h e r  i n v e s t i g a t o r s  ( ~ r o s g e ' ,  Re i se r ,  D u t r o ,  and De t te rman ,  1981 ;  Molenaar ,  

E g b e r t ,  and K r y s t i n i k ,  1981;  Magoon and C l a y p o o l ,  1979)  have a l s o  reported t h a t  

t h e  Nanushuk Group and Torok F o r m a t i o n  a r e  gas-prone s o u r c e  r o c k s .  Snowden 

and Powel l  ( 1 9 8 2 ) ,  however ,  t h a t  s u g g e s t  l a n d - p l a n t - d e r i v e d  humic and h e r b a c e o u s  

k e r o g e n s  r i c h  i n  r e s i n i t e  can  g e n e r a t e  waxy o i l .  C o n s e q u e n t l y ,  t h e r e  may be  

p o t e n t i a l  f o r  t h e  Nantlshuk and Torok e l s e w h e r e  on t h e  Nor th  S l o p e .  

P y r o l y s i s  

P y r o l y s i s - f l a m e  i o n i z a t i o n  d e t e c t i o n  (FIJI) i n v o l v e s  h e a r i n g  c r u s h e d  r o c k  

samples  i n  t h e  a b s e n c e  of  f r e e  oxygen t o  y i e l d  hydrocarbons .  A s  t e m p e r a t u r e  

i n c r e a s e s ,  h y d r o c a r b o n s  a r e  d r i v e n  o u t  and d e t e c t e d  as two peaks ,  PI and PII .  

The f i r s t  d e t e c t o r  peak i s  t h e  v o l a t i l e  hydrocarbons  i n  ppm ( t a b l e  1 )  which 

a r e  p r o p o r t i o n a l  t o  t h e  s o l v e n t - e x t r a c t e d  bi tumens (Claypoo l  and Reed,  1 9 7 6 ) ,  

i . e . ,  t h o s e  hydrocarbons which have already been  g e n e r a t e d .  Thus ,  b o t h  immature 

and overmature  samples  w i l l  g i v e  low amounts of hydrocarbons .  



The second d e t e c t o r  peak (PII) i s  a measure  of t h e  remain ing  hydrocarbon  

p o t e n r i a l  t h a t  w i l l  be r e l e a s e d  upon t h e  hreakdown of t h e  kerogen  d u r i n g  

m a t u r a t i o n .  C laypoo l  and o t h e r s  ( 1 9 7 6 )  suggested t h a t  t h e  T2 max ( t h e  t e m p e r a t u r e  

of maximum hydrocarbon  g e n e r a t i o n  under  c o n t r o l l e d  c o n d i t i o n s )  r e f l e c t s  maturity: 

t h e  T2 max f o r  immature r o c k s  i s  i n  t h e  range  450-490°C, mature  r o c k s  510-53O0C, 

and o v e r m a t u r e  r o c k s  above 600°C. Because  t h e  g e n e r a t i o n  of hydrocarbons  i s  

governed by normal k i n e t i c s ,  h e a t i n g  time and r a t e s  w i l l  vary t h e  T2 max, but 

t h e  t r e n d s  s h o u l d  n o t  be a f f e c t e d .  

T o t a l  h y d r o c a r b o n  y i e l d  (PI + PII) ( t a b l e  I)  i s  a s e m i q u a n t a t i v e  measure  

of t h e  g e n e t i c  p o t e n t i a l  of a s o u r c e  rock. T i s s o t  and Wel te  (1978)  s u g g e s t  t h e  

f o l l o w i n g  c l a s s i f i c a t i o n :  less than 2,000 ppm (.2 wt p e r c e n t )  = no o i l  p o t e n t i a l ,  

2,000-6,000 ppm ( . 2 - . 4  w t  p e r c e n t )  = modera te  p o f e n t i a 1 , a n d  g r e a t e r  t h a n  6 , 0 0 0  

ppm ( . 6  ut p e r c e n t )  = good source p o t e n t i a l .  T a b l e  1 l i s t s  t o t a l  h y d r o c a r b o n s  

as weigh t  p e r c e n t ;  a s  per t h e  format r e l e a s e d  by NOAA. 

Thermal a n a l y s e s  of  t h e  Tunalik well samples  show t h a t  t h e  c o a l - b e a r i n g  

Corwin Format ion  y i e l d s  t h e  h i g h e s t  amounts of t o t a l  hydrocarbons  and v o l a t i l e s  

even though i t  i s  immature.  I n  compar i son ,  t h e  u n d e r l y i n g  m a r i n e  Kukpawruk and 

Torok Format ions  a r e  m a t u r e ,  b u t  y i e l d  hydrocarbons  i n  t h e  no- t o -  modera te  

p o t e n t i a l  r a n g e  of T i s s o t  and Wel te  (1978).  The Pebb'le S h a l e  and d e e p e r  u n i t s ,  

a l t h o u g h  f a i r l y  r i c h  i n  o r g a n i c  c a r b o n ,  y i e l d  low amounts of h y d r o c a r b o n s  

because  t h e y  a r e  overmature  and have no more p o t e n t i a l .  U n i t s  t h a t  a r e  l e a n  

i n  o r g a n i c  c a r b o n  y i e l d  v e r y  l i t t l e  hydrocarbon  no m a t t e r  how d e e p l y  b u r i e d .  

The p y r o l y s i s  m a t u r i t y  d a t a  T2 max shown i n  f a b l e  I ,  show no d i s t i n c t  

r e g u l a r  i n c r e a s e  as  a f u n c t i o n  of d e p t h l m a t u r i t y .  Core  T2 max d a t a  f o r  t h e  

immature s e c t i o n  i s  4 1 6 ° C .  the  mature  s e c t i o n  i s  400'-452OC, and t h e  

d e t e c t o r  r e s p o n s e  i s  t o o  low t o  be m e a n i n g f u l  i n  o v e r m a t u r e  s e c t i o n s .  



H / C  and O/C R a t i o s  

T i s s o t ,  Durand,  and  o t h e r s  (1974)  u s e d  H/C and O / C  r a t i o s  t o  c h a r a c t e r i z e  

k e r o g e n  type .  Low H/C and h i g h  O/C ratios are d i a g n o s t i c  of p o l y c y c l i c  u n s a t -  

u r a t e s  and aromatics  of immature woody and c o a l y  m a t e r i a l .  Only a sample  from 

t h e  L i s b u r n e  Group c a r b o n a t e s  was p l o t t e d  as immature and o i l  g e n e r a t i n g  t y p e s  

w i t h  a h i g h  w/C r a t i o  ( p l .  2 ) .  

CONCLUSION 

The geochemica l  p r o f i l e  of t h e  T u n a l i k  No. 1 w e l l  shows t h a t  t h e  q u a l i t y  

and q u a n r i t y  of i n d i g e n o u s  k e r o g e n  and t h e  b u r i a l  h i s t o r y  o f  t h e  s e d i m e n t s  

overwhelmingly  f a v o r  t h e  gene ra t ion  of gas. Major m a t u r i t y  i n d i c a t o r s  show 

t h a t  t h e  o i l - g e n e r a t i n g  window i s  from a p p r o x i m a t e l y  3 , 3 0 0  f e e t  ( 1 , 0 0 0  m) t o  

a p p r o x i m a t e l y  1 0 , 5 0 0  feet (3 ,200 m),  and above the L a t e  C r e t a c e o u s  unconformi ry .  

Both  t h e  Nanushuk Group and Torok Format ion  a r e  r i c h  i n  o r g a n i c  m a t e r i a l  

t h a t  i s  p redominan t ly  he rbaceous  and humic a n d ,  c o n s e q u e n t l y ,  g a s  prone.  The 

P e b b l e  S h a l e  k e r o g e n  i s  p a r t l y  amorphous ,  h u t  t o o  d e e p l v  b u r i e d  t o  p roduce  

l i q u i d  hydrocarbons .  

C u r t i n g s  and c o r e  samples  a r e  i n  c l o s e  agreement  where compar i sons  a r e  

p o s s i b e .  A l s o ,  a l l  t h e  t h e r m a l  m a t u r i t y  i n d i c a t o r s  are i n  agreement ,  w i t h  t h e  

e x c e p t i o n  of t h e  T2 max d a t a  which i s  irregular. However, a  f a i r l y  c o m p l e t e  

geochemica l  p r o f i l e  h a s  been  c o n s t r u c t e d  from t h e  a v a i l a b l e  d a t a  and explains 

why o n l y  gas was found a t  T u n a l i k  No. 1. 
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