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D e p o s i t i o n a l  H i s t o r y  and Seismic  S t r a t i g r a p h y  of Lower Cretaceous  
Rocks, N a t i o n a l  Petroleum Reserve i n  Alaska and Adjacent  Areas 

by C. M. Molenaar 

ABSTRACT 

The a d d i t i o n  of much s e i s m i c  and w e l l  d a t a  s i n c e  1974 i n  N a t i o n a l  
Petroleum Reserve i n  Alaska h a s  a i d e d  c o n s i d e r a b l y  i n  u n d e r s t a n d i n g  t h e  
d e p o s i t i o n a l  h i s t o r y  of Lower Cre taceous  r o c k s  i n  t h a t  p a r t  of t h e  C o l v i l l e  
b a s i n .  These rocks  range  i n  t h i c k n e s s  from i n  e x c e s s  of 7,000 m a long  t h e  
b a s i n  a x i s  on t h e  s o u t h  t o  abou t  1 ,200 m on t h e  Barrow a r c h  along t h e  n o r t h  
c o a s t .  Se i smic  and w e l l  d a t a  i n d i c a t e  t h a t  e a r l y  Neocomian s t r a t a  on t h e  
n o r t h  f l a n k  of t he  b a s i n  c o n s i s t  of southward p rograd ing  marine s h e l f  and 
s l o p e  sequences  of s h a l e  w i t h  minor sands tone  u n i t s .  U p l i f t ,  e r o s i o n  and 
subsequent  t r a n s g r e s s i o n  hy t h e  pebb le  s h a l e  u n i t  on t h e  nor thernmost  f l a n k  of 
t h e  b a s i n  i n  l a t e  Neocomian t ime t e r m i n a t e d  t h e  n o r t h e r n  provenance.  
Fol lowing p e b b l e  s h a l e  d e p o s i t i o n ,  t h e  b a s i n  was downwarped and l i t t l e ,  i f  any 
d e p o s i t i o n  occur red  on t h e  n o r t h  f l a n k  u n t i l  d i s t a l  deep-water d e p o s i t s  of t h e  
Torok Format ion onlapped and downlapped t h e  south-dipping f l ank  i n  mid o r  l a t e  
Alb ian  t ime. 

The d e p o s i t i o n a l  h i s t o r y  of t h e  s o u t h  f l a n k  of t h e  C o l v i l l e  b a s i n  is  
i n f e r r e d  from o u t c r o p  d a t a .  T u r h i d i t e s  of t h e  e a r l y  Neocomian Okpikruak 
Format ion were d e r i v e d  from t h e  a n c e s t r a l  Brooks Range on t h e  sou th ,  and 
s u b s e q u e n t l y  were t h r u s t  northward t o  t h e i r  p r e s e n t  p o s i t i o n  i n  l a t e  Neocomian 
o r  Apt ian t ime. The early Albian F o r t r e s s  Mountain Formation,  which is as 
much a s  3,000 m t h i c k  and c o n s i s t s  l a r g e l y  of deep-water d e p o s i t s ,  
unconformably o v e r l i e s  t h e  Okpikruak and o l d e r  rocks  on t h e  southernmost  f l a n k  
of t h e  b a s i n .  F i l l i n g  of t h e  C o l v i l l e  b a s i n  occur red  i n  mid t o  l a t e  Alb ian  
t ime a s  t h i c k  p r o d e l t a i c  and d e l t a i c  d e p o s i t s  of t h e  Torok Formation and 
Nanushuk Group, r e s p e c t i v e l y ,  prograded a c r o s s  t h e  b a s i n  from t h e  s o u t h  on t h e  
s o u t h  s i d e  of t h e  b a s i n ,  b u t  p r i n c i p a l l y  from t h e  west-southwest over most of 
t h e  b a s i n .  

Reg iona l  subs idence  ( o r  s e a - l e v e l  r i s e )  and subsequent  t r a n s g r e s s i o n  by 
t h e  Upper Cre taceous  C o l v i l l e  Group approx imate ly  co inc ided  wi th  the 
t e r m i n a t i o n  of E a r l y  Cretaceous  d e p o s i t i o n .  

INTRODUCTION 

Lower Cre taceous  r o c k s ,  which are widespread throughout  Na t iona l  
P e t r o l e m  Reserve i n  Alaska and a d j a c e n t  a r e a s  n o r t h  of t h e  Brooks Range, make 
up t h e  major p a r t  of t h e  t h i c k  sed imenta ry  f i l l  of t h e  C o l v i l l e  bas in .  These 
s t r a t a  range from deep-water f l y s c h o i d  d e p o s i t s  t o  s h a l l o w l n a r i n e  and 
nonmarine d e l t a i c  d e p o s i t s .  The a d d i t i o n  of much seismic and w e l l  d a t a  s i n c e  
1974 h a s  a i d e d  c o n s i d e r a b l y  i n  u n d e r s t a n d i n g  t h e s e  r o c k s  i n  t h e  s u b s u r f a c e .  
These l a t e s t  d a t a  r e s u l t e d  from an  a c t i v e  e x p l o r a t i o n  program begun Zn 1974 by 
the U.S. Navy i n  Naval Petroleum Reserve No. 4 (NPR-4) .  In  1977 ,  t he  Reserve 
wzs t r a n s f e r r e d  t o  t h e  j u r i s d i c t i o n  of t h e  Department of t h e  I n t e r i o r  and t h e  
a r e a  hecame known a s  N a t i o n a l  Petroleum Reserve i n  Alaska ( N P R . ) .  The U.S. 
Geolog ica l  Survey took over t h e  c o n t i n u a t i o n  of t h e  e x p l o r a t i o n  program a t  
t h a t  t ime.  The a d d i t i o n a l  d a t a  i n c l u d e  over  20,000 k i l o m e t e r s  of s e i s m i c  
l i n e s  covering much of NPRA with  a 10-20 kn g r i d ,  and 28 e x p l o r a t o r y  w e l l s  f o r  
a t o t a l  of o v e r  50 w e l l s  i n  and a d j a c e n t  t o  NPRA ( f i g .  1 ) .  The purpose of 



t h i s  r e p o r t  is t o  p re sen t  an i n t e r p r e t a t i o n  of the d e p o s i t i o n a l  h i s t o r y  of 
Lower Cretaceous rocks  i n  NPRA and ad j acen t  a r e a s  hased on t h e  l a t e s t  se i smic  
and wel l  d a t a ,  and on information r epo r t ed  from outcrops  i n  t h e  southern p a r t  
of t he  C o l v i l l e  ba s in .  

Many s t u d i e s  have been made of t he  Cretaceous rocks  t h a t  crop out i n  t he  
f o o t h i l l s  b e l t  n o r t h  of t he  Brooks Range. Some of t h i s  work i s  included i n  
Gryc and o t h e r s  (1956), Chapman and Sable (1960),  Detterman, Bicke l ,  and Gryc 
( 1 9 6 3 ) ,  Pa t ton  and T a i l l e u r  (1964),  Chapman, Detterman, and Mangus ( 1 9 6 4 )  and 
Ahlbrandr,  Huffman, Fox, and Pasternak (1979). The e a r l i e r  s t u d i e s  
e s t a b l i s h e d  t h e  s t r a t i g r a p h i c  sequence i n  a s t r u c t u r a l l y  complex a r e a  i n  which 
many of t he  outcrops a r e  l i m i t e d  t o  d i scont inuous  r i v e r  c u t s  or r i d g e  tops. 
Because of s t r u c t u r a l  compl ica t ions ,  d i r e c t  c o r r e l a t i o n s  i n t o  t he  subsur face  
could be made only with the  Nanushuk and C o l v i l l e  Groups i n  the nor thern  
f o o t h i l l s ,  where s e v e r a l  Nanushuk t e s t s  w e r e  d r i l l e d  i n  t h e  late 194fi's and 
early 1950's. Payne and o t h e r s  (1951) presen ted  a s y n t h e s i s  of a l l  t he  d a t a  
applying t o  t he  NPRA a rea .  L a t e r ,  Co l l i n s  and Robinson (1967) made a 
subsur face  s tudy us ing  d a t a  from the a v a i l a b l e  w e l l s ,  mostly Nanushuk t e s t s .  
With t h e  a i d  of r e c e n t  se i smic  l i n e s  and many we l l  p e n e t r a t i o n s ,  a d d i t i o n a l  
subsur face  s t r a t i g r a p h i c  s t u d i e s  have been made of the  Nanushuk Group and 
a s s o c i a t e d  s t r a t a  by Bird and Andrews (1979)  and Molenaar ( i n  p r e s s ) .  
I n t e r p r e t a t i o n s  made of t he  bas in  geometry and d e p o s i t i o n a l  h i s t o r y  of u n i t s  
i n  those r e p o r t s  wFll  be repea ted  he re  i n  con tex t  with t he  o v e r a l l  Lower 
Cretaceous d e p o s i t i o n a l  h i s t o r y .  

I n  t he  d i s cus s ion  of the  d e p o s i t i o n a l  h i s t o r y  of the  d i f f e r e n t  u n i t s ,  
wel l  d a t a ,  i nc lud ing  pa leonto logy ,  and se i smic  d a t a  a r e  used almost  
e x c l u s i v e l y  t o  i n t e r p r e t  r e l a t i o n s  i n  t he  nor thern  f o o t h i l l s  and c o a s t a l  p l a i n  
a r ea s .  Surface data  and some w e l l  data a r e  used i n  t he  southern p a r t s  of t he  
no r the rn  f o o t h i l l s ,  and su r f ace  da t a  a r e  used exc lus ive ly  t o  i n t e r p r e t  t he  
d e p o s i t i o n a l  h i s t o r y  i n  t he  southern  f o o t h i l l s  and Brooks Range. 

Seismic da t a  are f a i r  t o  good i n  most of the c o a s t a l  p l a i n  a r ea  where the  
s t r u c t u r e  is  simple.  I n  t he  no r the rn  f o o t h i l l s ,  t r a c i n g  se i smic  r e f l e c t i o n s  
i s  more d i f f i c u l t ,  e s p e c i a l l y  i n  t he  shal lower p a r t  of the s e c t i o n  because of 
s t r u c t u r a l  compl ica t ions  i n  t he  t h rus t - f au l t ed  a n t i c l i n e s .  

The q u a l i t y  of t he  se i smic  d a t a  ac ros s  the  s t r u c t u r a l l y  complex southern 
f o o t h i l l s  a r e a  is  inadequate  t o  c o r r e l a t e  s t r a t i g r a p h i c  u n i t s  of t h e  ou tc rop  
a r e a  of t he  southern  f o o t h i l l s  wi th  subsur face  u n i t s  of the  less s t r u c t u r a l l y  
complex a r e a s  t o  t h e  nor th .  However, c e r t a i n  c o n s i s t e n t  d e p o s i t i o n a l  p a t t e r n s  
ev iden t  on north-south se i smic  l i n e s  i n  rhe c o a s t a l  p l a i n  and nor thern  
f o o t h i l l s  a r e  e x t r a p o l a t e d  i n t o  the  a r e a s  of poor-qual i ty  se i smic  d a t a  i n  t h e  
southern  f o o t h i l l s .  Consequently, s t r a t i g r a p h i c  r e l a t i o n s  i n  t h a t  area a r e  
h igh ly  i n t e r p r e t a t i v e .  

STRATIGRAPHIC ANALYSES AND METRODS 

The d i scus s ion  of each formation or  rock u n i t  i s  aimed a t  p l ac ing  the  
d i f f e r e n t  l i t h o l o g i e s  or  u n i t s  i n  a meaningful s t r a t i g r a p h i c  sequence i n  
r e l a t i o n  t o  t he  o v e r a l l  d e p o s i t i o n a l  h i s t o r y .  T h i s  i s  accomplished by 
i n t e r p r e t i n g  the d e p o s i t i o n a l  environments of each u n i t  i n  contex t  with t h e i r  
ages  and l i t h o l o g i e s ,  and r e l a t i n g  them t o  the p h y s i c a l  r e l a t i o n s h i p s  a s  
dep ic t ed  by seismic data, S p e c i f i c  age data on some of the  s t r a t i g r a p h i c  
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u n i t s  a r e  spa r se  or  subject t o  i n t e r p r e t a t i o n .  The ages used i n  t h i s  r epo r t  
a r e  those g e n e r a l l y  accepted or  publ i shed ,  except  f o r  new data acquired on 
some of the wel l s  which requi red  some r e i n t e r p r e t a t i o n .  Figure 2 shows the  
genera l ized  temporal r e l a t i o n s  of the s t r a t i g r a p h i c  u n i t s  discussed i n  t h i s  
r e p o r t .  

For purposes of r eg iona l  syn thes i s  and f a c i e s  p r o j e c t i o n ,  the 
d e p o s i t i o n a l  environments of the  va r lous  sedimentary u n i t s  or  f a c i e 5  are 
divided i n t o  th ree  c a t e g o r i e s ;  these  a r e  nonmarine, shallow-water marine, and 
deep-water marine. By recognizing these  th ree  c a t e g o r f e s ,  each u n i t  can he 
placed i n  i t s  proper  paleogeographic p o s i t i o n  i n  r e l a t i o n  t o  the depos i t i ona l  
bas in  a t  t h a t  p a r t i c u l a r  time. The t h r e e  major f a c i e s ' u s u a l l y  a r e  coeval wi th  
each o ther  i n  the o v e r a l l  d e p o s i t i o n a l  p a t t e r n ,  a l though i n  some cases  a  
shal low marine f a c i e s  may be bypassed o r  a  nonmarine f a c i e s  may not be 
preserved along the bas in  edge. This occurs i n  t he  orogenic depos i t s  such a s  
t he  F o r t r e s s  Mountain Formation i n  some a r e a s  (Molenaar and o t h e r s ,  1981). 
Seismic s e c t i o n s  i n  the  nor thern  p a r t  of NPRA show the  coeval  s t r a t i g r a p h i c  
r e l a t i o n s h i p s  c l e a r l y .  Shallow marine and nonmarine s t r a t a  a r e  represented  by 
topse t  r e f l e c t o r s .  Slope depos i t s  are represented  by inc l ined  f o r e s e t  
r e f l e c t o r s  that d ip  basinward a t  angles  of l e s s  than a  degree t o  a s  much a s  6 
degrees a s  measured from topse t  r e f l e c t o r s .  Deep-water basinal depos i t s  are 
represented  by bottomset r e f l e c t o r s  and  the lower p a r t  of f o r e s e t  
r e f l e c t o r s .  In  e f f e c t ,  the p r o f i l e s  of c o r r e l a t i v e  topse t ,  f o r e s e t  and 
bottomset r e f l e c t o r s  r e p r e s e n t  t he  compacted d e p o s i t i o n a l  p r o f i l e  of t he  
basin.  A t  the time of depos i t i on ,  the angle and topographical  r e l i e f  of the  
bas in  s lope  were somewhat g r e a t e r .  

I n  t h e  d i scuss ion  of the  s t r a t i g r a p h i c  u n i t s ,  the  terms topse t  and s h e l f ,  
f o r e s e t  and s lope ,  and bottomset and b a s i n a l  a r e  used interchangeably.  These 
terms correspond t o  undaform, cl inoform, and fondoform, r e spec t fve ly ,  of Rich 
(1951). 

Two prominent seismic r e f l e c t o r s  t h a t  are mappable over most of the 
c o a s t a l  p l a i n  and no r the rn  f o o t h i l l s  a r e a s  have provided e x c e l l e n t  datums with 
which t o  r e l a t e  underlying or  over ly ing  seismic s t r a t i g r a p h i c  horizons. One 
se ismic  r e f l e c t o r  r e p r e s e n t s  t h e  pebble  s h a l e  u n i t  of Neocomian Age, and t h e  
o t h e r  r e f l e c t o r  i s  from the top of the T r i a s s i c  Shublik Formation. Except f o r  
t he  pebble s h a l e  u n i t  i n  the  southern  p a r t  of i t s  mapped a r e a ,  both u n i t s  a re  
considered t o  be time synchronous, and t o  have been deposi ted on a near- 
h o r i z o n t a l  su r f ace .  

The se i smic - s t r a t i g raph ic  terms used i n  t h i s  paper a r e  from Kitchum 
(1977,  p .  205). Toplap r e f e r s  t o  t he  te rmina t ion  of s t r a t a  aga ins t  over ly ing  
topse r  beds as a  r e s u l t  of nondeposi t ion,  i .e . ,  sedimentary bypassing, with 
perhaps only minor e ros ion .  This could be caused by a r e l a t i v e  s t i l l s t a n d  of 
sea l e v e l ,  o r ,  i f  e ros ion  i s  involved, by a temporary r e l a t i v e  sea l e v e l  
drop, Downlap r e f e r s  t o  a base-discordant r e l a t i o n  i n  which i n i t i a l l y  
i n c l i n e d  ( f o r e s e t )  s t r a t a  te rmina te  downdip aga ins t  an i n i t i a l l y  ho r i zon ta l  or  
i n c l i n e d  su r f ace .  Onlap r e f e r s  t o  a  base-discordant r e l a t i o n  i n  which 
i n i t i a l l y  h o r i z o n t a l  s t r a t a  terminate  p rog res s ive ly  aga ins t  an i n i t i a l l y  
i n c l i n e d  s u r f a c e ,  or  i n  which i n i t i a l l y  inclined s t r a t a  te rmina te  
p rog res s ive ly  updip a g a i n s t  a su r f ace  of g r e a t e r  i n i t i a l  i n c l i n a t i o n .  



I n  t he  nor thern  p a r t  of NPRA, where the  s t r u c t u r e  is  s imple,  the number 
of w e l l  p e n e t r a t i o n s  and c l o s e  spacing of se i smic  l i n e s  provide  e x c e l l e n t  d a t a  
f o r  i n t e r p r e t i n g  the  o v e r a l l  d e p o s i t i o n a l  h i s t o r y ,  e s p e c i a l l y  of the Torok- 
Nanushuk section. I n t e r p r e t a t i o n s  can be made with a  f a i r  degree of 
confidence on (1) s t r a t i g r a o h i c  c o r r e l a t i o n s ,  ( 2 )  p rog rada t iona l  d i r e c t i o n s ,  
( 3 )  bas in  s l o p e  ang le ,  ( 4 )  paleobathymetry of basin, and ( 5 )  width of t h e  
b a s i n  s h e l f .  

Much of t he  i n t e r p r e t a t i o n  of the  d e p o s i t i o n a l  h i s t o r y  of t he  'Lower 
Cretaceous rocks  of t he  C o l v i l l e  bas in  i s  based on the  c r o s s  sec t ions  shown i n  
f i g u r e s  3 and 4,  and 6A t o  E. F igures  3 and 4 show the  i n f e r r e d  d e p o s i t i o n a l  
r e l a t i o n s  a c r o s s  t h e  C o l v i l l e  ba s in  a t  3 d i f f e r e n t  p e r i o d s  during Ea r ly  
Cretaceous time. Although these  c ros s  s e c t i o n s  a r e  based on data  i n  the  
e a s t e r n  p a r t  of NPRA and ad j acen t  a r e a s ,  s i m i l a r  d e p o s i t i o n a l  p a t t e r n s  a r e  
i n d i c a t e d  throughout NPRA. In  a d d i t i o n ,  because t he re  a r e  much more da ta  
a v a i l a b l e  f o r  t h e  Nanushuk Group and Torok Formation, 5 more-detai led,  
i n t e r p r e t i v e  s t r a t i g r a p h i c  cross s e c t i o n s  f o r  t he se  u n i t s  a r e  shorn i n  f i g u r e s  
6A t o  E. 

LOWER CRETACEOUS ROCKS 

General 

The C o l v i l l e  ba s in  i s  f i l l e d  l a r g e l y  with a t h i c k  s e c t i o n  of Lower 
Cretaceous s i l i c i c l a s t i c  rocks .  The bas in  is  asymmetric and i s  hounded on t h e  
south  by t he  Brooks Range orogenic  b e l t .  The g e n t l e  no r th  f l a n k  of the bas in  
i s  bounded by the Barrow a rch ,  which during e a r l i e s t  Cretaceous time was part  
of a mildly p o s i t i v e  a r e a ,  and l a t e r  during most of Cretaceous time, was a  
pas s ive  submarine r i d g e  t h a t  s epa ra t ed  t he  C o l v i l l e  b a s i n  from the  c o n t i n e n t a l  
margin and the  Canada bas in ,  an oceanic  bas in  t o  the  north.  

The Lower Cretaceous s e c t i o n  ranges i n  t h i cknes s  from about 1,200 m I n  
n o r t h e a s t e r n  NPM t o  over 7,000 m i n  the  bas in  axis  i n  t he  southern 
f o o t h i l l s .  Two g e n e r a l  types  of source a r e a s  f o r  t he se  rocks  a r e  
recognized. A southern  and west-southwest source a r ea  t h a t  con t r ibu t ed  
l i t h i c - r i c h  c l a s t i c s  dominated sedimentat ion throughout Ear ly  Cretaceous 
t i m e .  These rocks are known as  the  Brookian sequence. A nor thern  source 
a r e a ,  which w a s  t h e  dominant o r  only source  a r e a  p r i o r  t o  Cretaceous t ime,  
con t r ibu t ed  p r i m a r i l y  f i n e r  c l a s t i c s  during e a r l i e s t  Cretaceous t i m e  on t he  
no r th  f l a n k  of t h e  bas in .  Rocks der ived  from t h i s  no r the rn  provenance a r e  
more quar tzose  and mine ra log i ca l ly  mature,  and a r e  c a l l e d  the  El lesmerian 
sequence. 

Some of the  Lower Cretaceous s t r a t i g r a p h i c  u n i t s  of t he  C o l v i l l e  basin 
a r e  no t  p r e s e n t  over t h e  e n t i r e  bas in .  Some are f a c i e s  equivalent  of each 
o t h e r  and some u n i t s  are r e s t r i c t e d  geographica l ly ;  coeval  strata being 
represen ted  by condensed s e c t i o n s  o r  d e p o s i t i o n a l  h i a t u s e s .  The u n i t s  
involved are,  i n  gene ra l l y  ascending o rde r ,  a  p r ev ious ly  unnamed Neocomian 
s h a l e  u n i t  i n  no r the rn  NPRA h e r e i n  ass igned  t o  t he  Kingak Shale,  the  Okpikruak 
Formation and an unnamed c l a y  s h a l e  u n i t  of the  southern  f o o t h i l l s ,  the  
in formal ly  named pebble  s h a l e  u n i t  o r  member of t h e  Kongakut Formation, the  
F o r t r e s s  Mountain Formation of t he  southern f o o t h i l l s ,  t he  Torok Formation, 
and the  Nanushuk Group ( f i g .  2 ) .  The uppermost p a r t  of t h e  Nanushuk ranges  
i n t o  the Upper Cretaceous (Cenomanian) .4 



With the exception of part of the Nanushuk Group and a small part of the 
Fortress Mountain Formation, all Lower Cretaceous rocks of the Colville hasin 
are considered to be marine in origin. 

Neocomian (Early Cretaceous) Part of Kingak Shale 

In the northern part of the coastal plain of NPRA, the Kingak Shale of 
Jurassic age and older rocks underlie the regional pebble shale unconformity 
as indicated by well and seismic data. The truncation plain of the 
unconformity cuts progressively older strata from south to north toward the 
Barrow arch. Conversely, progressively younger strata are preserved under the 
unconformity to the south in the coastal plain and northern part of the 
northern foothills. Foraminiferal and palynological data from wells in those 
areas indicate that shale of Neocomian Age is present below the unconformity 
(NPRA Palynology and Micropaleontology Reports, 1980). The thickest well 
penetration of the pre-pebble-shale-Neocomian section was i.n the Tunalik No. 
1 well on the west where it is 754 n (2,475 ft) thick. The amounts penetrated 
by other wells and the approximate suhcrop limit of these Neocomian strata 
under the pebble shale unconformity are shown in figure 1. The pre-pebble- 
shale-Neocomian section consists of dark-gray to black micaceous marine shale 
containing minor floating fine sand grains, and includes a small amount of 
sandstone in the western part of the area. Because this Neocomian section is 
lithologically similar to, and appears to be part of, the same gross 
depositional cycle as the underlying Kingak Shale of Jurassic age, it is 
herein recommended that it be included in the Kingak Shale. 

The Kingak Shale was named by Leffingwell (1919, p.  179) for shale 
exposures on the southeast side of the Sadlerochit Mountains in northeastern 
Alaska. At that locality the Kingak is all Jurassic in age; however it 
underlies the regional Early Cretaceous or pebble shale unconformity in that 
general area (Detterman and others, 1975, p .  21) similar to the relations 
noted in the northernmost part of NPM. In the Bathtub Ridge area 110 km 
southeast of the type area, a clay shale unit at least 100 m thick containing 
Valanginian (Early Cretaceous) fossils underlies the Kemik Sandstone and 
pebble shale unit (Detterman and others, 1975, p. 22). Also, in the Kemik 
Creek area 95 lm west-southwest of the type area, a Berriasian fossil, Buchia 
subokensis, was collected from shale at least 200 m below the Kemik Sandstone 
(Molenaar, unpublished data). In addition, on the east bank of the Shaviovik 
River a few km farther southwest, a possible Buchia subZasuis of Valanginian 
Age was collected a few meters beneath the Kemik Sandstone. This shale has 
been mapped as Kingak Shale (Keller and others, 19611, and appears to be 
continuous with underlying shale of Jurassic age. As in the NPRA area, it 
appears that progressively younger shale is preserved under the unconforrnity 
to the south from the type area. Therefore, the inclusion of the pre-pebble- 
shale-Neocomian strata in the Kingak is logical and will simplify nomenclature 
problems throughout northern Alaska. 

Foraminifera1 and palynological data in the northern part of NPRA 
indicate that the Neocomian shale overlies shale of Kimmeridgian to Tithonian 
(Late Jurassic) Age in the east, and shale of Oxfordian (Late Jurassic) Age on 
the northwest. Whether this break on the west represents an unconformity, a 
depositional hiatus i.e., a toplap relationship, or an as yet inadequately 
sampled condensed section is unknown. The missing Kimmeridgfan-Tithonian 
section or depositional hiatus on the west  may be similar to apparently 



m i s s i n g  Jurassic i n t e r v a l s  t h a t  have been i n d i c a t e d  w i t h i n  t h e  Kingak 
e l sewhere  ( Imlay and Detterman, 1973,  p. 1 2 ) .  

A s u g g e s t i o n  of a t o p l a p  r e l a t i o n  w i t h i n  t h e  Upper J u r a s s i c  p a r t  of t h e  
Kingak Sha le  i s  i n d i c a t e d  on s e i s m i c  l i n e  l i n e  hI-75-G-1182 s o u t h  from t h e  
I n i g o k  No. 1 w e l l .  T h i s  cor responds  t o  a dep th  of about  11,000 f t  (3 ,353 m) 
i n  t h e  w e l l .  S i m i l a r  r e l a t i o n s  may occur  i n  t h e  Cre taceous  p a r t  a l s o ,  b u t  
s e i s m i c  r e f l e c t i o n s  a r e  n o t  prominent enough t o  document a t o p l a p  
r e l a t i o n s h i p .  The main d e p o s i t i o n a l  f e a t u r e ,  as i n d i c a t e d  by moderate t o  weak 
s e i s m i c  r e f l e c t i o n s ,  however, i s  t h a t  t h e  t o t a l  Kingak S h a l e ,  a s  d e f i n e d  
above,  i s  a southward p r o g r a d i n g  s h e l f  and s l o p e  sequence as shown i n  f i g u r e s  
3 and 7.  The n o r t h e r n  ( E l l e s m e r i a n )  provenance,  t h e  c l a s t i c  source f o r  
e a r l i e r  f o r m a t i o n s ,  still e x i s t e d  i n  e a r l y  Neocomian t ime.  

P a l e o n t o l o g i c  d a t a  from w e l l s  and s e i s m i c  d a t a  i n d i c a t e  t h a t  t h e  
t r u n c a t e d  n o r t h e r n  l i m i t  of t h e  Cre taceous  p o r t i o n  of t h e  Kingak Shale  t r e n d s  
west-nor thwest  from approx imate ly  midway between t h e  In igok  No. 1 and Eas t  
Teshekpuk No. 1  w e l l s  ( f i g .  1).  TO t h e  s o u t h  of t h i s  l i n e ,  s e i s m i c  
r e f l e c t i o n s  i n d i c a t e  t h e  Creraceous  p o r t i o n  t o  be p a r t  of a  s h e l f  sequence,  
f .e . ,  t o p s e t  beds ,  t h a t  g r a d e  i n t o  south-dipping s l o p e  beds t o  t h e  s o u t h  and 
p o s s i b l y  i n t o  southwest-dipping s l o p e  beds on t h e  fa r  west .  Two zones 
c o n t a i n i n g  t h i n  s a n d s t o n e  beds, which occur  i n  t h e  lower o r  middle  p a r t  of t h e  
s l o p e  f a c i e s  a c c o r d i n g  t o  s e i s m i c  d a t a ,  were p e n e t r a t e d  i n  t h e  Tuna l lk  No. 1 
w e l l  on t h e  west .  One zone a t  12,500 t o  12,600 f t  (3 ,810 t o  3,840 m )  i n  t h e  
w e l l  had a  s i g n i f i c a n t  gas show. Also,  immediately below the pebb le  s h a l e  
unconformity  i n  t h i s  w e l l  i s  a  160-m-thick sands tone  and s h a l e  zone t h a t  
a p p e a r s  t o  either be a t  a  s h e l f  break, o r  i n  t h e  upper par t  of t h e  s l o p e  a s  
i n d i c a t e d  by s e i s m i c  d a t a .  

I n  t h e  n o r t h e r n  p a r t  of t h e  n o r t h e r n  f o o t h i l l s ,  t h e  Cre taceous  p a r t  of 
t h e  Ungak downlaps t o  w i t h i n  100 m of t h e  T r i a s s i c  Shubl ik  r e f l e c t o r .  
S i m i l a r l y ,  t h e  u n d e r l y i n g  J u r a s s i c  p a r t  of the Kingak grades  from s h e l f  
( t o p s e t )  beds t o  s l o p e  ( f o r e s e t )  beds ,  b u t  t h e  s h e l f  b reak  i s  f a r t h e r  n o r t h  
than t h a t  i n d i c a t e d  f o r  t h e  Cre taceous  p a r t .  To t h e  s o u t h  t h e  J u r a s s i c  pa r t  
i s  a t h i n  condensed s e c t i o n  o r  i s  miss ing  owing t o  deep wate r  nondepos i t ion .  
Cor responding ly ,  t h e  Cre taceous  p a r t  i s  t h i c k e r  t o  t h e  s o u t h  i n  t h e  n o r t h e r n  
p a r t  of of t h e  n o r t h e r n  f o o t h i l l s  even though t h e  i n t e r v a l  between t h e  p e b b l e  
shale and Shubl ik  r e f l e c t o r s  remains  f a i r l y  uniform i n  most of t h i s  a r e a  (fig. 
3).  However, f a r t h e r  s o u t h  t h e  t o t a l  Kingak Shale  t h i n s  markedly as the 
o v e r l y i n g  pebb le  s h a l e  u n i t  converges  toward t h e  u n d e r l y i n g  Ijhublik Formation 
( f i g s .  3 and 8). 

The p r e s e n t  s l o p e  a n g l e  of t h e  f o r e s e t  beds of the Kingak i n  r e l a t i o n  t o  
t o p s e t  beds i s  g e n t l e ,  r a n g i n g  from l e s s  t h a n  1 degree  t o  s l i g h t l y  g r e a t e r  
t h a n  2 degrees .  The wate r  dep th  i n  which t h e  b a s i n a l  o r  condensed Kingak 
b o t t o m s e t  beds were d e p o s i t e d  was somewhat g r e a t e r  t h a n  t h e  400 t o  900 m 
i n d i c a t e d  by t h e  p r e s e n t  r e l i e f  on t h e  compacted south-dipping f o r e s e t  beds. 



Neocomian Rocks of t h e  Southern F o o t h i l l s  

There i s  no c o n t r o l  on t h e  Neocornian s e c t i o n  between t h e  n o r t h e r n  
f o o t h i l l s  and o u t c r o p s  of c o e v a l  s t r a t a  a long  t h e  s o u t h e r n  p a r t  of t h e  
s o u t h e r n  f o o t h i l l s .  I n  t h e  s o u t h e r n  f o o t h i l l s ,  t h e  s t r a t a  a r e  invo lved  i n  
complex s t r u c t u r a l  r e l a t i o n s ,  and two s e p a r a t e  f a c i e s  of e a r l y  Neocomian age 
a r e  recognized .  One is  a  t h i n  c l a y  s h a l e  u n i t  c o n t a i n i n g  t h i n  l e n s e s  o f  
coqu ina  l imes tone .  T h i s  u n i t  i s , c o n s i d e r e d  t o  be a  s t a b l e  s h e l f  f a c i e s  (Jones 
and Gran tz ,  1964, p .  1472; Brosge and T a i l l e u r ,  1971, p. 8 2 ) ,  and is  
i n f o r m a l l y  r e f e r r e d  t o  a s  t h e  c l a y  s h a l e  u n i t  i n  t h i s  r e p o r t .  The second 
f a c i e s  i s  a t h i c k  t u r b i d i t e  sequence known a s  t h e  Okpikruak Formation. I n  
some a r e a s ,  i t  appears  t h a t  t h e  Okpikruak Formation o v e r l i e s  t h e  c l a y  s h a l e  
u n i t ,  b u t  f o s s i l s  i n d i c a t e  t h e  Okpikruak i s  t h e  same age a s ,  o r  o l d e r  t h a n  t h e  
c l a y  s h a l e  u n i t .  E v i d e n t l y ,  t h e  Okpikruak Formation had been t h r u s t e d  t o  i t s  
p r e s e n t  p o s i t i o n  from an o r i g i n a l  p o s i t i o n  many km t o  t h e  s o u t h  r e l a t i v e  t o  
u n d e r l y i n g  autochthonous r o c k s  (Mull  and o t h e r s ,  1976, p. 24) .  

Okpikruak Formation 

The Okpikruak Formation of Neocomian Age was named f o r  a sequence of 
i n t e r b e d d e d  graywacke s a n d s t o n e  and s h a l e  t h a t  o c c u r s  i n  t h r u s t  s l i c e s  a l o n g  
t h e  s t r u c t u r a l l y  complex n o r t h  s i d e  of the Brooks Range (Gryc and o t h e r s ,  
1951, p. 159) .  Because of s t r u c t u r a l  c o m p l e x i t i e s ,  a complete  s e c t i o n  of 
Okpikruak is  n o t  exposed a t  any one l o c a l i t y  so  t h e  full t h i c k n e s s  of t h e  
f o r m a t i o n  is  unknown. The t h i c k e s t  measured s e c t i o n  i s  a b o u t -  580 m ( P a t t o n  
and T a i l l e u r ,  1964, p.  447). 

The Okpikruak Formation is  a b a s i n a l  t u r b i d i t e  d e p o s i t  of Brookian 
o r i g i n ,  i . e . ,  s o u t h e r n  source .  Although some conglomerate  is present, 
e s p e c i a l l y  i n  t h e  lower p a r t  ( P a t t o n  and T a i l l e u r ,  1964, p.  446) ,  much of t h e  
s a n d s t o n e  i n  t h e  Okpikruak i s  f i n e  t o  v e r y  f i n e  g r a i n e d  and o c c u r s  i n  t h i n  
graded beds. I n  most o u t c r o p  s e c t i o n s ,  sands tone  makes up only 10 t o  25 
p e r c e n t  of t h e  s e c t i o n  a l t h o u g h  a f e w  s e c t i o n s  c o n t a i n  a s  much a s  60 p e r c e n t  
s a n d s t o n e  ( P a t t o n  and T a i l l e u r ,  1964, p .  446). The remaining p o r t i o n s  a r e  
s i l t s t o n e  and shale. In  t h e  submarine f a n  f a c i e s  model as d e s c r i b e d  by Mut t i  
and R i c c i  Lucchi ( 1 9 7 2 ) ,  most of t h e  Okpikruak Formation ou tc rop  b e l t  would be 
c o n s i d e r e d  an  ou te r - fan  o r  d i s t a l  f a c i e s .  

In a d d i t i o n  t o  t h e  thin-bedded t u r b i d i t e  sequence,  Mull ,  Ta i l l eu r ,  
? layf ie ld ,  and P e s s e l  (1976, p .  25)  d e s c r i b e d  a n  a s s o c i a t e d  sed imenta ry  chaos 
or o l i s t o s t r o m e  t h a t  occurs  i n  many a r e a s  a long t h e  f r o n t  of t h e  Brooks 
Range. This  u n i t  would i n d i c a t e  a  more proximal  p o s i t i o n  t o  the a n c e s t r a l  
Brooks Range f r o n t .  The j u x t a p o s i t i o n  of t h e s e  d i f f e r e n t  Okpikruak f a c i e s  may 
be the  r e s u l t  of t h r u s t  d i sp lacement  of d i f f e r e n t  t h r u s t  s h e e t s ,  

On t h e  b a s i s  of the f o s s i l s  Buchia  okensis, B. mbokensis, B. 
crassicoZZis and  B. s u b l a e v i s ,  t h e  Okpikruak Formation i s  c o n s i d e r e d  t o  be o f  
B e r r i a s i a n  t o  Valang in ian  Age ( Jones  and Grantz ,  1964, p. 1464). 



Inasmuch a s  t he  Okpikruak Formation exposed i n  the  outcrop b e l t  is 
l a r g e l y  a  d i s t a l ,  deep-water, b a s i n a l  f a c i e s ,  and p a r t i a l l y  coeva l  rocks a r e  a  
condensed s e c t i o n  of probable  shal low marine s h a l e s ,  it appears  t h a t  Okpikruak 
f a c i e s  would no t  occur anywhere i n  t he  subsur face  no r th  of t he  outcrop b e l t .  
It i s  i n t e r p r e t e d  i n  f i g u r e  3 a s  having o r i g i n a t e d  f a r  south  of i t s  p re sen t  
p o s i t i o n ,  and subsequent ly  having been t h r u s t  northward t o  i t s  p r e s e n t  
p o s i t i o n .  The Okpikruak could conceivably u n d e r l i e  Paleozoic  rocks i n  much of 
the  present-day Brooks Range. 

Clay Shale U n i t  

The c l a y  s h a l e  u n i t  or  coquinoid l imestone-bearing shale  u n i t  has been 
r e p o r t e d  from many l o c a l i t i e s  along t h e  Brooks Range f r o n t .  I n  many p l aces ,  
t h i s  u n i t  has  been descr ibed  a s  r e s t i n g  d i r e c t l y  on T r i a s s i c  rocks ,  and i n  
some p l a c e s  on a t h i n  J u r a s s i c  shale s e c t i o n  with no in t e rven ing  Okpikruak 
t u r b i d i t e s  (Jones and Grantz,  1964, p .  1471). Because of t he  s t r u c t u r a l  
complex i t i e s  and t h e  subdued n a t u r e  of ou tc rops  of t he  c l a y  s h a l e  u n i t ,  no 
a c c u r a t e  measurements of i t s  th i cknes s  a r e  a v a i l a b l e .  Most d e s c r i p t i o n s  
i n d i c a t e  it is t h i n ,  pos s ib ly  100 m ( ~ r o s ~ h  and T a i l l e u r ,  1971, p. 84). The 
top i s  u s u a l l y  covered or  i s  o v e r l a i n  by t he  F o r t r e s s  Mountain Formation or  by 
ove r th rus t ed  o lde r  rocks.  

Crane and Wiggins (1976, p. 2177) suggested the  name Ipewik Formation f o r  
t he  c l ay  s h a l e  u n i t  i n  the  c e n t r a l  and western A r c t i c  reg ion .  I n  t h e  western 
p a r t  of NPRA and f a r t h e r  west ,  a qua r t z  sandstone u n i t ,  which they called the  
Tingmerkpuk member, was included i n  the Ipewik. The presence of a c l e a n  
q u a r t z  sandstone i n  an a r ea  t h a t  fa r  south  is anomalous. It is very 
d i s s i m i l a r  from the  t y p i c a l  l i t h i c - r i c h  or graywacke sandstones t y p i c a l  of 
sou the rn  source  or  Brookian u n i t s ,  and is more t y p i c a l  of E l lesmer ian  rocks.  
Perhaps i t  had a source  t o  t he  northwest .  Another p o s s i b i l i t y  i s  t h a t  i t  was 
de r ived  from the  sandy Utukok Formation of t he  Lisburne Group, or o l d e r  
Devonion elastics, t h a t  may have been exposed i n  nearby t h r u s t  s h e e t s  (C,  G. 
Mull ,  o r a l  communication, 1981). 

The c l a y  s h a l e  u n i t  of t he  central southern  f o o t h i l l s  a r e a  c o n s i s t s  
predominantly of b lack  c l a y  s h a l e  con ta in ing  minor l e n s e s  of coquinoida l  
l imes tone  (Bros ie  and T a i l l e u r ,  1971, p .  84). The coquinoid Limestone l enses  
a r e  as much a s  2 m t h i c k  and a r e  composed almost e n t i r e l y  of broken b iva lve  
s h e l l s .  The f o s s i l s  have been i d e n t i f i e d  as Buchia subZaevis of Valanginian 
Age (Jones and Grantz,  1964, p. 1464). The occurrence of fragmented BuchCas 
in coquina beds sugges ts  t h a t  they were depos i ted  i n  r e l a t i v e l y  shal low water ,  
i .e . ,  a  s h e l f  environment. Jones and Grantz (1964,  p. 1474),  and Brosge and 
T a i l l e u r  (1971, p.  82)  suggest  t h a t  an i n t r a  bas in  medial s i l l  or  r i d g e  
s epa ra t ed  t he  orogenic  foredeep t o  t h e  south ,  where t he  Okpikruak t u r b i d i t e s  
were depos i t ed ,  from the  broad shale bas in  t o  t he  north.  F igure  3 shows this 
i n t e r p r e t a t i o n .  

An a l t e r n a t e  i n t e r p r e t a t i o n  would be t h a t  t he  c l ay  s h a l e  u n i t  m y  be a 
d i s t a l  condensed b a s i n a l  s ec t ion  of Kingak Shale. T h i s  would e l i m i n a t e  the 
p o s t u l a t e d  i n t r a -bas in ,  medial s i l l ,  but would n e c e s s i t a t e  t h a t  the  Buchks  
f l o u r i s h e d  i n  water depths  of a t  l e a s t  600 m. This is  u n l i k e l y  (D. L. Jones,  
oral communication, 1981). S t i l l  another  i n t e r p r e t a t i o n  would be t h a t  the  
fragrnented-Buchk beds were d i sp l aced  from a s h e l f  p o s i t i o n  i n t o  d e e ~ e r  water.  



Pebble  Sha le  Unit  

The pebb le  s h a l e  u n i t ,  an i n f o r m a l  bu t  well-known s t r a t i g r a p h i c  u n i t  of 
Neocomian Age, i s  a widespread u n i t  t h a t  is  p r e s e n t  throughout  most of t h e  
North  Slope of Alaska. It is an impor tan t  u n i t  because  (1)  i t s  base marks a  
major r e g i o n a l  unconformity  th roughout  nor the rnmos t  Alaska, ( 2 )  it r e p r e s e n t s  
t h e  t e r m i n a t i o n  of n o r t h e r n  s o u r c e  ( E l l e s m e r i a n )  c l a s t i c s ,  and ( 3 )  i t  i s  a 
d i s t i n c t i v e  low-ve loc i ty  s h a l e  t h a t  can he mapped s e i s m i c a l l y  over  most of t h e  
a r e a .  Hence, i t  i s  a  good mappable u n i t  i n  which t o  relate d e p o s i t i o n a l  u n i t s  
above and below. I n  t h e  n o r t h e r n  p a r t  of NPRA t h e  p e b b l e  s h a l e  u n i t  i s  70 to 
125  m t h i c k ,  and c o n s i s t s  p redominan t ly  of o r g a n i c  marine  s h a l e  c o n t a i n i n g  
d i s t i n c t i v e  f l o a t i n g  q u a r t z  and c h e r t  sand g r a i n s  and rare pebbles s c a t t e r e d  
th roughout .  L o c a l l y ,  a b a s a l  t r a n s g r e s s i v e  sands tone  as much as 15 m t h i c k  is  
developed.  This s a n d s t o n e  i s  probab ly  e q u i v a l e n t  t o  t h e  Kemik Sandstone t h a t  
c r o p s  out  i n  n o r t h e a s t e r n  Alaska. However, i t s  contemporanie ty  and c o n t i n u i t y  
cannot  be demonstra ted a t  t h i s  t ime. I ts  development may be r e l a t e d  t o  t h e  
u n d e r l y i n g  l i t h o l o g y ,  e.g., t h e  I v i s h a k  Sandstone,  be ing  eroded i n  f r o n t  of 
t h e  advancing Neocomian sea .  

The r a r e  c h e r t  and q u a r t z i t e  pebbles  t h a t  a r e  s c a t t e r e d  throughout  the 
p e b b l e  s h a l e  u n i t  are an  enigma. Ra ther  t h a n  b e i n g  c o n c e n t r a t e d  only  a t  t h e  
b a s e  of t h e  u n i t  as i s  common i n  t r a n s g r e s s i v e  s h a l e  u n i t s ,  they  are s c a t t e r e d  
th roughout  most of t h e  u n i t .  The p e b b l e  s h a l e  u n i t  undoubtedly  r e p r e s e n t s  
slow d e p o s i t i o n  over  a broad a r e a  over  a long p e r i o d  of time. Perhaps the 
p e b b l e s  may have been r a f t e d  by f l o a t i n g  s h o r e  i c e ,  kelp o r  l o ~ s ,  o r  p e r h a p s  
t h e y  may have been stomach s t o n e s  from marine v e r t e b r a t e s  such as 
i c h t h y o s a u r s .  

The pebble  s h a l e  u n i t  i s  e a s i l y  r e c o g n i z a b l e  on gamma-ray and t r a n s i t -  
t ime l o g s  of w e l l s  by t h e  a b r u p t  h i g h e r  t r a n s i t  t imes  and h i g h  gamma-ray 
d e f l e c t i o n  compared t o  s h a l e s  of t h e  o v e r l y i n g  Torok Formation and t h e  
u n d e r l y i n g  Kingak Shale .  The h i g h  gamma-ray d e f l e c t i o n  i s  much h i g h e r  i n  t h e  
upper  part of t h e  pebb le  s h a l e  u n i t ,  and t h a t  p a r t  of t h e  u n i t  i s  f r e q u e n t l y  
r e f e r r e d  t o  as t h e  gamma-ray zone. Both t h e  h i g h  gamma-ray r a d i a t i o n  and t h e  
h i g h  t r a n s i t  t i m e  may be due a t  l e a s t  i n  p a r t ,  t o  t h e  h igh  o r g a n i c  c o n t e n t  of 
t h e  s h a l e .  

I n  nor the rnmos t  NPRA, t h e  unconformity  a t  t h e  base  of t h e  pebb le  s h a l e  
u n i t  t r u n c a t e s  p r o g r e s s i v e l y  o l d e r  r o c k s  from s o u t h  t o  n o r t h .  To t h e  s o u t h ,  
however, s e i s m i c  f a c i e s  r e l a t i o n s h i p s  sugges t  t h a t  t h e  e r o s i o n a l  unconformity  
d i e s  ou t  i n t o  a  conformable s h e l f  and s l o p e  f a c i e s .  In  t h e  n o r t h e r n  p a r t  of 
NPRA, s e i s m i c  d a t a  show t h e  pebb le  s h a l e  u n i t  as a  s h e l f  sequence,  but  t o  t h e  
s o u t h ,  seismic l i n e s  i n  t h e  westernmost  p a r t  of NPRA show what i s  i n t e r p r e t e d  
t o  be a broad s h e l f  break and s l o p e  i n  which t h e  pebble  s h a l e  r e f l e c t o r  
converges  toward t h e  Shubl ik  ( T r i a s s i c )  r e f l e c t o r  t o  t h e  s o u t h  ( f i g .  8). The 
S h u b l i k  r e f l e c t o r  m a i n t a i n s  a more c o n s t a n t  s o u t h  d i p .  The pebble  s h a l e  shelf 
break  i s  n o t  a p p a r e n t  on s e i s m i c  l i n e s  i n  most of a r e a  because  either (1) t h e  
break i s  very g r a d u a l  o r  (2 )  the  p o s i t i o n  of t h e  break i s  f a r t h e r  sou th  i n  t h e  
s t r u c t u r a l l y  com~lex n o r t h e r n  f o o t h i l l s  where t h e  seismic d a t a  cannot  be  
i n t e r p e t e d .  



Micropaleontologic  da ta  from w e l l s  d r i l l e d  i n  NPRA suggest  t h a t  the  
pebble  s h a l e  u n i t  i s  Hauter iv ian  t o  Barremian i n  age (NPRA Palynology and 
Micropaleontology Reports ,  1980). Megafossll  da ta  i n  the  NPRA a r ea  a r e  
l ack ing ,  but  d a t a  have been r epo r t ed  from the  Bathtub Ridge a r e a  i n  
n o r t h e a s t e r n  Alaska 360 lm e a s t  of NPRA (Detterman and o t h e r ,  1975, p. 25). 
In  t h a t  a r e a ,  t he  Hauter iv ian  ammonite Simbirskites sp. occurs  i n  t he  Kernik 
Sandstone Member, which u n d e r l i e s  t he  pebble  s h a l e  member. The pebble  s h a l e  
con ta in s  only a  f e w  poor ly  preserved  pelecypods of p o s s i b l e  Aptian t o  Albian 
Age. Inasmuch as the  Kemik Sandstone i s  considered he re  a s  p a r t  of the pebble  
s h a l e  d e p o s i t i o n a l  cyc l e ,  i t  seems more l i k e l y  t h a t  t h e  pebble  shale  unit i s  
Hautervian t o  Barremian in age,  a s  suggested by the  micropa leo to logic  da ta ,  
It i s  p o s s i b l e ,  however, that  the  upper part of t he  pebble s h a l e  u n i t  i s  a  
condensed s e c t i o n  of Aptian t o  lower Albian s t r a t a .  

If t h e  suggested Hauter iv ian  t o  Rarrernian age i s  c o r r e c t ,  t he  pebble  
s h a l e  u n i t  i s  younger than the  c l a y  s h a l e  unit and Okpikruak Formation of the  
southern  f o o t h i l l s  a r ea .  In  t h a t  a r e a ,  however, t he  pebble  s h a l e  u n i t  has n o t  
been recognized with c e r t a i n t y  i n  outcrops.  This may be due t o  i t s  having 
l o s t  i t s  i d e n t i f y i n g  c h a r a c t e r i s t i c s ,  i . e . ,  the  f l o a t i n g  sand g r a i n s  and 
pebbles ,  or pos s ib ly  t o  l ack  of good outcrops  of the sof t-weathering s h a l e  
u n i t .  Another p o s s i b i l i t y  i s  that t h r u s t i n g  and s u b a e r i a l  e ro s ion  was 
occu r r ing  during upper Neocomian time, o r  s t r a t a  equ iva l en t  t o  the pebble  
shale u n i t  were removed by subsequent e ros ion  i n  t he  southern  part  of t h e  
southern  f o o t h i l l s ,  Fa r the r  no r th  i n  the  southern  f o o t h i l l s ,  however, deep- 
water facies of t he  F o r t r e s s  Mountain Formation o v e r l i e  o r  a r e  i n  c l o s e  
proximi ty  t o  t he  c l a y  s h a l e  u n i t  i n  some a r e a s ,  such as near Brady about 9 km 
from t h e  mouth of t h e  Kiligwa River i n  south-cent ra l  NPRA ( T a i l l e u r  and Kent, 
1953, p. 12). I n  those a r e a s ,  t he  pebble  shale u n i t  may e i t h e r  be represen ted  
by a condensed s e c t i o n ,  o r  p o s s i b l y  t ime-equivalent s t r a t a  a r e  included i n  t h e  
lower par t  of the F o r t r e s s  Nountain Formation. Addi t iona l  da t a  are needed on 
t he  age of t he  lower p a r t  of t h e  F o r t r e s s  Mountain Formation i n  those a r e a s .  

Aptian Rocks 

Following Neocomian depos i t i on ,  the  C o l v i l l e  trough was s i g n i f i c a n t l y  
downwarped and l i t t l e ,  i f  any, sed imenta t ion  occurred i n  the c o a s t a l  p l a i n  and 
no r the rn  f o o t h i l l s  a r e a s  on the  no r th  flank of the  bas in  u n t i l  mid or  l a t e  
Albian time. The downwarping a f f e c t e d  t he  e n t i r e  n o r t h  f l a n k  of the  bas in ,  
and the  south  d ip  apparently steepened t o  the  south a s  i nd i ca t ed  by s t r u c t u r e  
maps on both t h e  pebble  shale and T r i a s s i c  r e f l e c t i n g  hor izons  (NPM S m a r y  
Report : I n t e r p r e t a t i o n  of Seismic Data, FY 78). 

Deep-water bottomset o r  b a s i n a l  beds of Albian Age onlap the  south- 
d ipp ing  pebble s h a l e  u n i t  as i nd i ca t ed  by seismic r e f l e c t o r s  i n  the  nor thern  
ha l f  of t h e  no r the rn  f o o t h i l l s  ( f i g s .  7 and 8). In  the  outcrop b e l t  of t h e  
southern  f o o t h i l l s ,  t he  F o r t r e s s  Mountain Formation of e a r l y  Albian age 
appa ren t ly  unconformably o v e r l i e s  folded Neocomian and o lde r  rocks.  Large- 
s c a l e  t h r u s t i n g  and f o l d i n g  ev iden t ly  occurred during Aptian tine. Whether ox 
not  rocks of Aptian Age were depos i ted  i n  the  C o l v i l l e  bas in  i s  no t  known. 
F o s s i l s  of t h i s  age a r e  unknown i n  nor thern  Alaska. This may be because ( I )  
rocks of Aptian Age a r e  not  exposed i n  no r the rn  Alaska, (2 )  Aptian fossils 
have not  been d i f f e r e n t i a t e d  from Neocomian or Albian forms, or (3)  rocks of 
Apttan Age a t e  a deep-water u n f o s s i l i f e r o u s  f a c i e s .  It appears  l i k e l y  t h a t  
Aptian s t r a t a  a r e  p re sen t  a s  a  deep-water f a c i e s  i n  t he  axial p a r t  of t he  
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C o l v i l l e  bas in .  It i s  a l s o  p o s s i b l e  t h a t  some of the  F o r t r e s s  Mountain 
Formation may be Aptian or  even o l d e r  i n  age i n  the  a x i a l  p a r t  of t he  basin.  

Foramini fe ra  t e n t a t i v e l y  assigned t o  t he  Aptian have been r epo r t ed  from 
wells i n  the c o a s r a l  plain a r e a  (NPRA Palynology and Micropaleontology 
Repor t s ,  1980), but  s t ra ta  i n  which these  fo ramin i f e r s  occur can be t raced  
s e i s m i c a l l y  i n t o  beds of Albian Age. The s t r a t a  thought t o  he Aptian a r e  a 
deeper  water f a c i e s  of Albian beds h igher  on t h e  s lope  or  she l f  
( f i g s .  6B t o  D). 

F o r t r e s s  3oun ta in  Formation 

The F o r t r e s s  Mountain Formation of e a r l y  Albian Age was named f o r  a t h i c k  
s e c t i o n  of s h a l e ,  sandstone and conglomerate t h a t  unconformahly o v e r l i e s  
fo lded  Neocomian and o lde r  rocks i n  a broad s t r u c t u r a l l y  complex b e l t  along 
the  sou the rn  f o o t h i l l s  (Pa t ton  and T a i l l e u r ,  1964,  p. 452). The F o r t r e s s  
Mountain formation i s  about 3,000 m t h i c k  a t  t h e  type s e c t i o n  on and ad jacent  
t o  Cas t l e  Mountain 85  kn south  of Umiat. It i s  doubt fu l  t h a t  the  formation i s  
t h a t  t h i c k  i n  o the r  a r e a s  even though i t  is  incompletely exposed. Thickness 
v a r i a t i o n s  can be expla ined  by penecontemporaneous f o l d i n g  and l o c a l  
unconformi t ies  r epo r t ed  i n  t h e  southern  p a r t  of t he  outcrop belt (Pa t ton  and 
T a i l l e u r  (1964, p .  456; T a i l l e u r  and o t h e r s ,  1966; Chapman and o t h e r s ,  1964; 
and Molenaar and o t h e r s ,  1981). 

The F o r t r e s s  Mountain Formation i s  l a r g e l y  a deep-water orogenic depos i t s  
a l though some of t h e  southernmost exposures a r e  nonmarine i n  o r i g i n .  f i le  
F o r t r e s s  Mountain d e p o s i t s  range from f l u v i a l ,  submarine canyon and inner-fan 
channel f a c i e s  on t h e  south  t o  outer-fan and bas in-p la in  f a c i e s  t o  t he  n o r t h  
w i t h i n  t h e  complexly fo lded  outcrop b e l t  of t he  southern  f o o t h i l l s  ( f i g .  4).  
(See Molenaar, Egbert  and Krys t in ik  (1981) f o r  a more d e t a i l e d  d i s cus s ion  of 
t h e  F o r t r e s s  Mountain Formation.) It i s  apparent  that f a c i e s  changes a r e  
r a p i d  and t h a t  the coa r se  c l a s t i c s  of the F o r t r e s s  Mountain Formation grade 
i n t o  and i n t e r t o n g u e  with s h a l e  of the lower p a r t  of the  Torok Formation t o  
t he  nor th .  Also, t h e r e  i s  much d e p o s i t i o n a l  onlap and th inn ing  between t h e  
outcrop b e l t  i n  the  southern  f o o t h i l l s  and t h e  l i t t l e -deformed be l t  i n  t he  
nor thern  part of the  no r the rn  f o o t h i l l s ,  where s t r a t a l  r e l a t i o n s  can he seen 
s e i s m i c a l l y  ( f i g s .  4, 7, and 8). 

Because t h e  F o r t r e s s  Yountain Formation becomes th inner  bedded and finer 
grained t o  t h e  n o r t h  w i th in  t he  southern  f o o t h i l l s ,  t h e  d i f f e r e n t i a t i o n  

, between F o r t r e s s  Mountain and Torok Formation is  a r b i t r a r y .  The placement of 
t h i s  con tac t  i n  t h e  subsur face  i n  the  no r the rn  f o o t h i l l s  i s  a l s o  complicated 
by the occurrence of thin-bedded t u r b i d i t e s  i n  the Torok t h a t  were der ived 
from Nanushuk d e l t a s  t o  t he  west o r  southwest ( f i g s .  4 and 6A).  For t h i s  
reason ,  Molenaar, Egbert ,  and Krys t in ik  (1981) recommended t h a t  the  F o r t r e s s  
Mountain name be dropped as a subsur face  u n i t  i n  the nor thern  f o o t h i l l s  and 
a r e a s  t o  the nor th .  The deep-water sandstones are then included i n  the  Torok 
Formation and r e f e r r e d  t o  i n fo rma l ly  as lower Torok sandstones.  



Tor ok Formation 
General 

The Torok Formation of Albian Age included a l l  s t r a t a  above t h e  Okpikruak 
Formation and below the  Nanushuk Group as o r i g i n a l l y  def ined (Gryc and o t h e r s ,  
1951, p. 160).  La t e r ,  Pa t ton  (1956, p .  219) s epa ra t ed  out  t he  southern  
f a c i e s ,  which crop out i n  t he  southern  f o o t h i l l s  and con ta in  a l a r g e  
percentage  of sandstone and conglomerate,  and c a l l e d  t h a t  p a r t  t he  F o r t r e s s  
Mountain Formation. The Torok w a s  r e t a i n e d  f o r  t h e  dominantly sha l e  f a c i e s  
t h a t  c rops  out  i n  t h e  no r the rn  ha l f  of t h e  sou the rn  f o o t h i l l s .  A t  t h e  type 
s e c t i o n  i n  the  v i c i n i t y  of t he  Chandler River and Torok Creek, an incomplete 
s e c t i o n  of Torok Formation about  1,530 m t h i c k  w a s  measured (Pa t ton ,  1956, 
p. 222) .  The lower p a r t  of t h i s  s e c t i o n  may inc lude  d i s t a l  f a c i e s  of the  
upper p a r t  of the F o r t r e s s  Mountain Formation. Because of d i scont inuous  
sca t t e red  outcrops ,  s t r u c t u r a l  compl ica t ions ,  and i n t i m a t e  i n t e r tongu ing  of 
the  two format ions  o r  f a c i e s ,  the  mapped con tac t  between the  two u n i t s  i n  t h e  
f i e l d  i s  r a t h e r  a r b i t r a r y .  

Except f o r  small  areas i n  t he  nor thern  f o o t h i l l s ,  where t he  uppermost 
p a r t  of t h e  Torok Formation i s  exposed, t he  Torok i s  a subsur face  formation i n  
t h e  no r the rn  f o o t h i l l s  and c o a s t a l  p l a i n  areas.  Seismic and = e l l  da t a  i n  
those a r e a s  i n d i c a t e  t h a t  t h e  Torok Formation ranges  i n  t h i cknes s  from about  
6,000 m on the  south near  t he  C o l v i l l e  River t o  l e s s  than 900 m on the Barrow 
a rch  ( f i g .  10). The t h i c k  s e c t i o n  on the  south  i nc ludes  temporal ly  
e q u i v a l e n t - s t r a t a  of the F o r t r e s s  Mountain Formation. In  cons t ruc t ing  the  
isopach map ( f i g .  l o ) ,  a t t empt s  were made t o  remove a t  l e a s t  p a r t  of t h e  
apparen t  th ickening  a s s o c i a t e d  with compressional fo ld ing  and t h r u s t  f a u l t i n g  
wi th in  t h e  Torok s h a l e  i n  t h e  nor thern  f o o t h i l l s .  Th i s  w a s  accomplished hy 
s u b t r a c t i n g  the  s t r u c t u r a l  r e l i e f  of the  a n t i c l i n e s  developed i n  t he  over ly ing  
Nanushuk Group. The under ly ing  pebble  s h a l e  r e f l e c t o r  beneath t he  s u r f a c e  
a n t i c l i n e s  i s  g e n e r a l l y  a south-dipping surface (NPRA Summary Report: 
I n t e r p r e t a t i o n  of Seismic Data, TY 78) and i s  no t  involved i n  t he  fo ld ing  of 
t h e  over ly ing  rocks i n  most of the  s t r u c t u r e s .  The f o l d s  i n  the over ly ing  
s t r a t a  appa ren t ly  a r e  due t o  incompetent f o l d i n g  o r  s h a l e  flowage caused by 
t h e  su r f ac ing  or  dying out upwards of t h r u s t  f a u l t s  w i th in  the  incompetent 
Torok sha l e s .  Even though a l l  t he  t e c t o n i c  th ickening  i n  t he  Torok may n o t  
have been accounted f o r  i n  the  southern  p a r t  of the nor thern  f o o t h i l l s ,  t h e r e  
is  no doubt t h a t  the t o t a l  s e c t i o n  th i ckens  markedly t o  t he  south  from t h e  
c o a s t a l  plain area. 

Northern F o o t h i l l s  Area 

Much of t he  southward th ickening  of t he  Torok Formation i s  due t o  t h e  
a d d i t i o n  of o lde r  Torok beds a t  the  base of the  formation ( f i g .  4 ) .  Post- 
pebble s h a l e  on lap ,  appa ren t ly  from the  south ,  i s  c l e a r l y  shown on north-south 
se i smic  l i n e s  i n  t h e  southern  p a r t  of t he  c o a s t a l  plain and nor thern  f o o t h i l l s  
a r ea  ( f i g s .  7 and 8).  A s  much a s  1,250 m of s e c t i o n  wedges out by onlapping 
t h e  south-dipping pebble s h a l e  u n i t  between the  a r e a  of the  Wolf Creek No. 3 
well i n  t he  a n t i c l i n a l  b e l t  of the  Northern F o o t h i l l s  and the  zero edge n o r t h  
of t he  Inigok No. 1 w e l l ,  a d i s t a n c e  of about 80 la. Simi la r  r a t e s  of onlap 
occur ac ros s  t h e  e n t i r e  b e l t .  The average c a l c u l a t e d  a c u t e  angles  made by t h e  
wedge range from 0.9 t o  1.2 degrees.  Inasmuch a s  the onlapping wedge was 
probably almost  f l a t  when depos i t ed ,  t h e  acu t e  ang le  of the wedge approximates 
t h e  south dip of t h i s  p a r t  of t he  bas in  during lower Torok time ( l e s s  the  

1 2  



e f f e c t s  of compaction). The wedge a p p a r e n t l y  thickens f a r t h e r  t o  t h e  sou th ,  
bu t  s t r u c t u r a l  c o m p l i c a t i o n s  i n  t h e  a n t i c l i n a l  b e l t  p r e c l u d e  seismic 
d e f i n i t i o n .  

The In igok  No. 1 w e l l  p e n e t r a t e d  abou t  150 m of t h e  on lapp ing  wedge, t h e  
Oumalik No. 1 w e l l  p e n e t r a t e d  abou t  800 m, and t h e  Seabee w e l l  p e n e t r a t e d  
abou t  1,100 m. The s e c t i o n  i n  t h e s e  w e l l s  i s  composed of in te rbedded  s h a l e ,  
s i l t s t o n e ,  and f i n e -  t o  v e r y  fine g r a i n e d  s a n d s t o n e ,  and is i n t e r p r e t e d  t o  be  
b a s i n - p l a i n  d i s t a l  t u r b i d i t e  and s h a l e  d e p o s i t s .  The lower p a r t  of t h e  wedge 
was probab ly  d e r i v e d  from t h e  a n c e s t r a l  Brooks R a n ~ e  and i s  p r o b a b l y  
e q u i v a l e n t  t o  the F o r t r e s s  Mountain Formation. However, most i f  no t  a l l  of 
the 800 m p e n e t r a t e d  i n  t h e  Oumalik No. 1 w e l l  and a l l . o f  t h e  150 m i n  t h e  
I n i g o k  No. 1 well can be t r a c e d  s e i s m i c a l l y  i n t o  w e s t e r l y  d ipp ing  f o r e s e t  
( s l o p e )  beds and i n t o  t o p s e t  Nanushuk Group d e l t a i c  d e p o s i t s .  This i n d i c a t e s  
t h a t  s t r a t a  e q u i v a l e n t  t o  t h e  F o r t r e s s  Mountain Formation a r e  p robab ly  l i m i t e d  
t o  an  a r e a  no f a r t h e r  n o r t h  t h a n  t h e  n o r t h e r n  f o o t h i l l s .  

I n  a d d i t i o n  t o  t h e  upper p a r t  of t h e  a p p a r e n t l y  northward onlapping wedge 
be ing  t r a c e a b l e  t o  w e s t e r l y  d i p p i n g  p r o d e l t a  slope beds of t h e  Nanushuk d e l t a ,  
t h e r e  is ev idence  t h a t  t h e  lower p a r t  of t h e  wedge w a s  a l s o  d e p o s i t e d  by e a s t -  
n o r t h e a s t e r l y  f lowing  c u r r e n t s .  D i r e c t i o n  f e a t u r e s  i n  d i s t a l  t u r b i d i t e s  of 
F o r t r e s s  Mountain o u t c r o p s  i n  t h e  n o r t h e r n  p a r t  of t h e  s o u t h e r n  f o o t h i l l s  
i n d i c a t e  a dominance of e a s t - n o r t h e a s t  f lowing  t u r b i d i t y  c u r r e n t s  (Molenaar, 
E g b e r t ,  and K r y s t i n i k ,  1981). 

C o a s t a l  P l a i n  Area 

The Torok Formation i n  t h e  n o r t h e r n  pa r t  of hTRA i s  r e p r e s e n t e d  on 
s e i s m i c  l i n e s  by, i n  ascend ing  o r d e r ,  ho t tomse t  ( b a s i n a l ) ,  f o r e s e t  ( s l o p e ) ,  
and t o p s e t  ( s h e l f )  r e f l e c t o r s .  The beds r e p r e s e n t e d  by t h e s e  r e f l e c t o r s  a r e  
t ime e q u i v a l e n t  t o  e a c h  o t h e r .  B a s i n a l  beds can he  t r a c e d  i n t o  s l o p e ,  s h e l f ,  
and indeed,  i n t o  d e l t a i c  d e p o s i t s  of t h e  Nanushuk Group ( f i g s .  6A-C and 9).  
I n  e f f e c t ,  t h e  p r o f i l e s  of t h e s e  c o r r e l a t i v e  s e i s m i c  r e f l e c t i o n s  r e p r e s e n t  t h e  
deposf t i o n a l  p r o f i l e  of t h e  b a s i n ,  less t h e  subsequent  compaction of t h e  
sediments .  

The basinal  beds of t h e  Torok Formation range  i n  t h i c k n e s s  from about 
150 m to 700 m i n  the c o a s t a l  p l a i n  a r e a  and t h i c k e n  t o  t h e  s o u t h ,  where t h e y  
i n c l u d e  t h e  a p p a r e n t l y  northward on lapp ing  wedge. The bot tomset  beds c o n s i s t  
of s h a l e ,  s i l t s t o n e  and t h i n , b e d s  of f i n e -  t o  v e r y  f i n e  g r a i n e d  sandstone.  
The sands tone  beds are thought  t o  be t u r b i d i t e s  d e r i v e d  from t h e  t empora l ly  
e q u i v a l e n t  Nanushuk d e l t a  t o  t h e  west-southwest (Yolenaar ,  i n  p r e s s ) .  The 
w a t e r  dep th  i n  which t h e  b a s i n a l  beds were d e p o s i t e d  is i n d i c a t e d  by t h e  
c a l c u l a t e d  p r e s e n t  450 t o  1,000 m r e l i e f  of t h e  s l o p e - f o r e s e t  beds p l u s  (1) 
t h e  amount of a d d i t i o n a l  p o s t - d e p o s i t i o n a l  compaction of t h e  already d e p o s i t e d  
and p a r t f a l l y  compacted sed iments  below the s h e l f  break and ( 2 )  t h e  wa te r  
d e p t h  of t h e  s h e l f  b r e a k ;  t h e  l a t t e r  was p robab ly  no more than  50 t o  75 m. 

Slope beds make up t h e  major p a r t  of t h e  Torok Formation i n  t h e  c o a s t a l  
p l a i n  a r e a .  These beds range i n  t h i c k n e s s  from 450 t o  1,000 m and c o n s i s t  
most ly  of s h a l e  and s i l t s t o n e  w i t h  minor t h i n  sandy zones. The seismic 
r e f l e c t o r s  i n  t h i s  f o r e s e t  sequence are caused by sandy i n t e r v a l s  or  low- 
v e l o c i t y  shale beds (Molenaar,  i n  p r e s s ) .  F o r e s e t  hedding i s  best seen on 
s e i s m i c  l i n e s  i n  t h e  east and n o r t h e a s t  p a r t s  of NPRA. I n  t h e  wes te rn  p a r t ,  
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t h e s e  f e a t u r e s  a r e  obscure and l e s s  numerous, p a r t l y  because of poor se i smic  
data i n  the  sha l low Nanushuk-Torok i n t e r v a l .  Some f o r e s e t t i n g  can he seen ,  
however, as far west a s  t he  Tunal ik  No. 1 w e l l  where t h e  f o r e s e t  beds a r e  a t  a  
much lower ang le  than t o  t he  e a s t .  The f o r e s e t  d ip  a n g l e s ,  which were 
c a l c u l a t e d  r e l a t i v e  t o  t he  t o p s e t  beds,  range from l e s s  than 20 on the west t o  
between 40 and 60 on t h e  e a s t  and n o r t h e a s t  p a r t  of NPRA ( f i g s .  6A-D). These 
c a l c u l a t i o n s  were made on t h e  s t e e p e r  upper p a r t s  of the  f o r e s e t s  averaged 
over a t  l e a s t  4  km of h o r i z o n t a l  d i s t ance .  The v a r i a t i o n  i n  s lope  angle  i s  
probably r e l a t e d  t o  t h e  r a t e  of d e l t a i c  p rog rada t ion  of coeval  Nanushuk 
depos i t s .  The g r e a t e r  t he  r a t e  of  p rograda t ion ,  the steeper the  s l o p e  
angle .  The r e l i e f  of the f o r e s e t s  from top t o  base is  450 t o  1,000 my which 
i s  the t h i cknes s  of t h e  s lope  depos i t s .  

The s h e l f  beds of the Torok Farmation c o n s i s t  of s h a l e  and s i l t s t o n e  with 
occas iona l  t h i n  sandstone beds,  and range i n  t h i cknes s  between a few m t o  as 
much as  335 m. This range is  due t o  t he  balance or imbalance between r a t e s  of 
d e p o s i t i o n  and r a t e s  of subsidence.  Also, because t h e  upper p a r t  of t h e  Torok 
grades  i n t o ,  and i n t e r tongues  wi th  shal low marine sandstones of the Nanushuk 
Group, t h e  s e l e c t i o n  of t h e  Nanushuk-Torok con tac t  i s  a r b i t r a r y  i n  many a r e a s ,  

Robinson, Rucker, and Bergquis t  (1956, p.  223) app l i ed  the  n a m e  Oumalik 
Formation t o  t h e  s e c t i o n  between 4,860 and 10,880 f t  (1,481 and 3,316 m) 
pene t r a t ed  i n  t he  Oumalik test well No. 1, and they a l s o  a p p l i e d  t he  name 
Topagoruk Formation t o  the  s e c t i o n  between 1,350 and 3,900 f t  (411 and 
1,189 m) pene t r a t ed  i n  t h e  Topagoruk t e s t  wel l  No. 1. Because the  Oumalik i s  
now recognized a s  Torok Formation ( f i g .  6 A ) ,  and the  Topagoruk i s  p a r t  of the 
highly t ime- t ransgress ive  t r a n s i t i o n  zone between t h e  Torok Formation and 
Nanushuk Group (fig. 6R), i t  i s  h e r e i n  recommended t h a t  t h e  Oumalik and 
Topagoruk names be abandoned. 

I n  t h e  n o r t h e a s t e r n  p a r t  of NPRA i n  the a rea  from t h e  F ish  Creek wel l s  t o  
beyond t h e  Atigaru Point  No. 1  we l l ,  t h e  lower p a r t  of t h e  Torok i s  d i s tu rbed  
a s  i nd i ca t ed  by se i smic  d a t a  (fig. 6D) .  Inasmuch as  t h i s  i n t e r v a l  i s  
l a t e r a l l y  ad j acen t  t o  bot tomset  beds and u n d e r l i e s  f o r e s e t  and  bottomset beds,  
t h e  d i s tu rbed  i n t e r v a l  i s  thought  t o  have been caosed by la rge-sca le  submarine 
slumping. I n  some of t h i s  a rea ,  t h e  pebble sha1.e u n i t  i s  missing,  a t  l e a s t  i n  
p a r t ,  i n d i c a t i n g  e i t h e r  that i t  was involved i n  the slumping, or t h a t  i t  was 
scoured by submarine c u r r e n t s  which may have t r i g g e r e d  the  subsequent 
slumping. In  e i t h e r  case ,  t he  a r e a l  a s s o c i a t i o n  of t h e  slumping and scour ing  
sugges t s  t h a t  they were caused by re la ted events .  

I n  the nor thern  p a r t  of NPRA where the  da t a  a r e  wel l  d i sp layed ,  bottomset 
beds downlap onto o r  near  t h e  pebble  s h a l e  u n i t  (figs. 6B-D and 9 ) .  Because 
t h e s e  bottomset beds can be c o r r e l a t e d  s e i s m i c a l l y  t o  beds of l a t e  Albian age, 
t he  h i a t u s  o r  t h i n  i n t e r v a l  of Torok between these  downlapping heds and t h e  
pebble  s h a l e  u n i t  is  i n t e r p r e t e d  t o  be a deep-water condensed or non- 
d e p o s i t i o n a l  zone r e p r e s e n t i n g  p a r t  of Neocomian, a l l  of Aptian and much of 
Albian time. The t h i cknes s  of t h i s  i n t e r v a l  i s  l e s s  than the  r e s o l u t i o n  of 
t he  se i smic  d a t a ,  t h a t  i s ,  l e s s  than 25 m. S t r a t a  represen ted  by this time 
pe r iod  may indeed be included i n  the upper p a r t  of the pebble s h a l e  u n i t .  
Th i s  s t a rved  d e p o s i t i o n a l  system i s  i n t e r p r e t e d  t o  have occurred a s  a r e s u l t  
of the  deeper p a r t  of the  C o l v i l l e  bas in  t o  the  south r ece iv ing  a l l  the  
sediments der ived  from the  south  and southwest a f t e r  d e p o s i t i o n  of t h e  pebble  
s h a l e  un i t .  This  i s  shown s e i m i c a l l y  by the  p rog re s s ive ly  nor thern  onlap of 
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o l d e r  Torok s t r a t a  i n c l u d i n g  p r o b a b l e  e q u i v a l e n t s  of t h e  F o r t r e s s  Mountain 
Formation (fig. 4) .  It wasn ' t  u n t i l  t h e  l a t e s t  s t a g e s  of t h e  Nanushuk-Torok 
d e p o s i t i o n a l  c y c l e  t h a t  t h e  C o l v i l l e  b a s i n  was f i l l e d  enough f o r  sediments  t o  
r e a c h  the n o r t h e r n  p a r t  of NPR4. A s i m i l a r  d e p o s i t i o n a l  p a t t e r n  c o n t i n u e s  t o  
t h e  n o r t h e a s t  of the Nanushuk d e p o s i t i o n a l  l i m i t  i n  younger Cretaceous  and 
T e r t i a r y  fo rmat ions .  On s e i s m i c  l i n e s  i n  t h e  n o r t h e a s t e r n  p a r t  of NPRA, 
t o p s e t ,  f o r e s e t ,  and bo t tomse t  bedding can be seen  i n  t h e  o v e r l y i n g  shales of 
t h e  C o l v i l l e  Group ( f i g s .  hD and 9 ) .  I n  t h e  Prudhoe Ray a r e a ,  bo t tomse t  beds  
o f  t h e  C o l v i l l e  Group downlap o n t o  or near  the pebble  s h a l e  u n i t  (Bird  and 
Andrews, 1979, p .  3 5 ) .  

Nanushuk Group 
General  

The Nanushuk Group of Alb ian  t o  Cenomanian Age i s  a t h i c k  d e l t a i c  d e p o s i t  
t h a t  c rops  o u t  i n  t h e  n o r t h e r n  f o o t h i l l s  and i s  p r e s e n t  i n  much of t h e  
s u b s u r f a c e  i n  t h e  w e s t e r n  and c e n t r a l  North Slope.  It r a n g e s  i n  t h i c k n e s s  
from a t  l e a s t  3,444 m i n  o u t c r o p s  a t  Corwin Bluff (Smiley,  1969) a long  t h e  
Chukchi Sea on t h e  w e s t  t o  a  p i n c h o u t  edge i n  t h e  a r e a  of t h e  p r e s e n t  C o l v f l l e  
d e l t a  on t h e  e a s t  ( f i g .  11). The t h i c k e s t  s u b s u r f a c e  p e n e t r a t i o n  is  about 
1,900 m ( t o p  e r o d e d )  i n  t h e  Tuna l ik  No. 1 w e l l  on t h e  w e s t .  

The lower p a r t  of t h e  Nanushuk c o n s i s t s  of a  t h i c k  sequence of i n t e r -  
tongu ing  s h a l l o w  marine  s a n d s t o n e s  and n e r i t i c  s h a l e s  and s i l t s t o n e s  t h a t  
g r a d e  seaward i n t o  t h e  Torok Formation. The upper p a r t  of t h e  Nanushuk Group 
c o n s i s t s  of a dominant ly  nonmarine fac ies  of p a l u d a l  s h a l e ,  c o a l ,  and fluvial 
s a n d s t o n e  t h a t  g r a d e s  i n t o  t h e  marine f a c i e s .  Conglomerate i s  p r e s e n t ,  
p r i m a r i l y  i n  t h e  f l u v i a l  f a c i e s ,  i n  t h e  s o u t h e r n  p a r t  of t h e  ou tc rop  b e l t ,  
which is  more proximal  t o  t h e  source .  

Two d e l t a  systems were recognized  i n  o u t c r o p  s t u d i e s  by Ahlhrandt ,  
Huffman, Fox, and P a s t e r n a c k  (1979,  p.  1 7 ) ;  the Corwin or w e s t e r n  d e l t a ,  and 
t h e  Umiat o r  s o u t h e r n  d e l t a .  Both d e l t a s  were r i v e r  dominated,  b u t  t o  a 
lesser  e x t e n t  i n  t h e  Umiat d e l t a .  The Corwin d e l t a  was a h i g h - c o n s t r u c t i o n a l  
d e l t a  and had a low sand-high mud c o n t e n t  i n  c o n t r a s t  t o  t h e  Umiat d e l t a .  
P a l e o c u r r e n t  d i r e c t i o n s  i n  o u t c r o p s  ( f i g .  12), i n d i c a t e  t h a t  t h e  Corwin d e l t a  
was p r o b a b l y  d e r i v e d  from a s o u r c e  a r e a  t o  t h e  southwest .  Because t h e  Corwin 
d e l t a  dominated the d e p o s i t i o n a l  p a t t e r n s  of t h e  Nanushuk Group, a source  area 
encompassing a  l a r g e  d r a i n a ~ e  a r e a  p robab ly  extended f a r  t o  t h e  west o r  
sou thwes t  i n  t h e  area of t h e  p r e s e n t  Chukchi s e a  o r  beyond. (Molenaar, i n  
press). The Umiat d e l t a  had a s o u r c e  t o  t h e  s o u t h  i n  t h e  a n c e s t r a l  Brooks 
Range. I n  a d d i t i o n  t o  t h e  Umiat d e l t a ,  t h e r e  were p robab ly  many s m a l l  d e l t a s  
emanating from t h e  a n c e s t r a l  Brooks Range (fig. 13). 

On seismic s e c t i o n s ,  t h e  Nanushuk Group is  r e p r e s e n t e d  by topset 
r e f l e c t o r s  t h a t  can be t raced  seaward i n t o  o f f s h o r e  o r  deeper water  d e p o s i t s  
of the Torok Formation ( f i g .  9). These r e l a t i o n s  are shown by f i v e  c r o s s  
s e c t i o n s  that c o r r e l a t e  t h e  Lower Cretaceous  r o c k s  i n  most of t h e  w e l l s  
th roughout  NPRA and a d j a c e n t  areas ( f i g s .  6A-E). The c o r r e l a t i o n s  i n  t h e s e  
s e c t i o n s  a r e  based on l i t h o l o g y  and s e i s m i c  d a t a .  The datum used i s  t h e  b a s e  
of t h e  o v e r l y i n g  C o l v i l l e  Group where i t  is p r e s e n t .  I n  o t h e r  a r e a s ,  assumed 
n e a r - h o r i z o n t a l  t i m e - c o r r e l a t i v e  beds o r  r e f l e c t i o n s  i n  t h e  lower p a r t  of t h e  
Nanushuk Group between a d j a c e n t  wells a r e  used. 



On t h e  c r o s s  s e c t i o n s ,  t h e  Nanushuk Group i s  d i v i d e d  i n t o  a lower 
dominant ly  marine  f a c i e s  and an  upper  dominant ly  nonmarine f a c i e s  t o  show t h e  
l a t e r a l  r e l a t i o n s h i p s .  These major f a c i e s  a re  t h e  b a s i s  f o r  t h e  
d i f f e r e n t i a t i o n  of most of t h e  f o r m a t i o n s  of t h e  group. The r e l a t i o n s h i p s  and 
names of t h e  f o r m a t i o n a l  u n i t s  of t h e  group t h a t  were d e s c r i b e d  by Detterman 
(1956) from o u t c r o p s  i n  t h e  C o l v i l l e  River  a r e a  s o u t h e a s t  of NPRA, and by 
S a b l e  (1956) from o u t c r o p s  on t h e  west  s i d e  of NPM are p o r t r a y e d  on t h e  c r o s s  
s e c t i o n s .  Two of t h e  c r o s s  s e c t i o n s  ( f i g s .  hD and E) are t i e d  t o  o u t c r o p  
s e c t i o n s  s o u t h  of Umiat where some of t h e s e  u n i t s  were o r i g n a l l y  named. The 
outc rop  s e c t i o n s  are p o r t r a y e d  i n  a  v e r y  g e n e r a l i z e d  way t o  show t h e  g r o s s  
f a c i e s  r e l a t i o n s h i p s .  

The Ninuluk Formation of Cenomanian Age occurs  i n  t h e  upper p a r t  of the 
Nanushuk Group i n  t h e  o u t c r o p  b e l t  i n  t h e  Chandler R i v e r - K i l l i k  River  a r e a  
(Det terman,  1956; Detterman, Bicke l  and Gryc, 1963; and Chapman, Detterrnan and 
b n g u s ,  1964) .  It is  a marine  u n i t  t h a t  i n t e r t o n g u e s  w i t h  t h e  nonmarine 
Niakogon Tongue of t h e  Chandler Formation (of t h e  Nanushuk Group), and a t t a i n s  
a  t h i c k n e s s  of a s  much as 350 m (Det terman and o t h e r s ,  1963, p. 264) .  A s  
p o r t r a y e d  on t h e  c r o s s  s e c t i o n s  ( f i g s .  6 D  and E ) ,  i t  i s  i n t e r p r e t e d  a s  
r e p r e s e n t i n g  d e p o s i t i o n  by t h e  sou thern-source  Umiat delta d u r i n g  t h e  t ime  of 
t h e  i n i t i a l  C o l v i l l e  t r a n s g r e s s i o n  f a r t h e r  nor th .  I n  o t h e r  words, t h e  Umiat 
d e l t a  was s t i l l  a c t i v e l y  aggrad ing  a f t e r  t h e  e a s t - n o r t h e a s t w a r d  p r o g r a d i n g  
d e l t a  t o  t h e  n o r t h  became i n a c t i v e  and was being t r a n s g r e s s e d  by t h e  C o l v i l l e  
sea .  

D e p o s i t i o n a l  Pat t e r n s  

Seismic  da ta  i n d i c a t e  t h a t  t h e  major p a r t  of t h e  Nanushuk d e l t a  prograded 
e a s t - n o r t h e a s t w a r d  a c r o s s  the s u b s i d i n g  C o l v i l l e  bas in .  This  is  i n d i c a t e d  by 
f o r e s e t  d i p  d i r e c t i o n s  i n  t h e  u n d e r l y i n g  p r o d e l t a  s l o p e  d e p o s i t s  of t h e  Torok 
Format ion ( f i g .  12) .  The o v e r a l l  p rograd ing  r e g r e s s i v e  sequence was 
i n t e r r u p t e d  many times by marine  t r a n s g r e s s i o n s  due i n  p a r t  t o  d e l t a  s h i f t i n g ,  
bu t  more i m p o r t a n t l y ,  t o  e p i s o d i c  p u l s e s  of b a s i n  subsidence.  Except f o r  the 
amount of compaction of u n d e r l y i n g  sed iments ,  b a s i n a l  subs idence  ( o r  r e l a t i v e  
s e a  l e v e l  r i s e )  i s  n e c e s s a r y  t o  d e p o s i t  t h i c k  m u l t i c y c l i c  sha l low marine 
sequences ,  o r  t o  account  f o r  t h e  upward change i n  s t r a t i g r a p h i c  p o s i t i o n  
( s t r a t i g r a p h i c  r i s e )  of t h e  sequence d u r i n g  p r o g r a d a t i o n .  A s  a  r e s u l t ,  t h e  
Nanushuk i s  n o t  one s imple  r e g r e s s i v e  sequence b u t  a composi te  of 
i n t e r t o n g u i n g  sha l low marine s h a l e ,  sha l low marine sand and s u b a e r i a l  d e l t a -  
p l a i n  d e p o s i t s .  

The t o t a l  i n c r e m e n t a l  s t r a t i g r a p h i c  r i s e  ( a  measure of r e l a t i v e  s e a - l e v e l  
r i s e  and ( o r )  b a s i n  s u b s i d e n c e )  of t h e  base  of t h e  Nanushuk from t h e  Tunalik 
No. 1 w e l l  on t h e  west  t o  t h e  A t i g a r u  P o i n t  No. 1 well on the  e a s t ,  a d i s t a n c e  
of 350 km, i s  abou t  2,100 m. However, subs idence  was n o t  uniform th roughout  
t h e  b a s i n  as i n d i c a t e d  by l e s s  and ( o r )  l a t e r  subs idence  of t h e  Barrow a rch .  
This i s  based on t h e  f o l l o w i n g  e v i d e n c e  and reason ing :  (1) Grea te r  subs idence  
i s  r e q u i r e d  t o  accomodate t h e  t h i c k e r  Nanushuk-Torok s e c t i o n  i n  a r e a s  t o  t h e  
s o u t h  and w e s t  t h a n  i n  areas of the Barrow a r c h  t o  t h e  n o r t h  and n o r t h e a s t .  
( 2 )  Inasmuch as bo th  t h e  b a s i n a l  and t h e  s h e l f  beds were p robab ly  e s s e n t i a l l y  
f l a t  when d e p o s i t e d ,  d i f f e r e n t i a l  subs idence  d u r i n g  Nanushuk-Torok t ime i s  
n e c e s s a r y  t o  account  f o r  some of t h e  b a s i n a l  beds of t h e  Torok d i p p i n g  west  o r  
southwest  ( toward t h e  d e p o s i t i n g  c u r r e n t s )  i n  r e s p e c t  t o  t h e  l a t e r - d e p o s i t e d  
o v e r l y i n g  s h e l f  beds. These f e a t u r e s  a r e  shown i n  f i g u r e s  6B and C. Indeed,  
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much of t h e  d i f f e r e n t i a l  subs idence  of t h e  b a s i n  may be due t o  d i f f e r e n t i a l  
sediment  l o a d i n g .  

During most of t h e  Nanushuk-Torok d e p o s i t i o n a l  c y c l e ,  t h e  Barrow a r c h  was 
a  passive submarine h i g h  t h a t  s e p a r a t e d  t h e  C o l v i l l e  b a s i n  from t h e  Canada 
b a s i n  t o  t h e  n o r t h .  Thus, t h e  Barrow a r c h  was p a r t l y  r e s p o n s i b l e  f o r  t h e  
e a s t e r l y  d i r e c t e d  p r o g r a d a t i o n  of t h e  d e l t a i c  system. The Corwin d e l t a ,  
however, is c o n s i d e r e d  t o  have p l a y e d  t h e  major p a r t  i n  i n f l u e n c i n g  the 
d i r e c t i o n  of p r o g r a d a t i o n .  

Sedimentary  bypass ing o r  even minor b e v e l i n g  of s h e l f  sediments  i n  t h e  
Nanushuk-Torok i n t e r v a l  i s  sugges ted  by a p p a r e n t  t o p l a p  r e l a t i o n s  i n d i c a t e d  by 
some s e i s m i c  l i n e s .  The dominant pa t te rn ,  however, i s  one of c o n s t r u c t i o n a l  
p r o g r a d a t i o n .  The width of t h e  p r o d e l t a  s h e l f  of t h e  Corwin d e l t a  ranged 
between 75 and 150 km a s  shown on t h e  c r o s s  s e c t i o n s .  This is determined by 
c l o s e l y  c o r r e l a t i n g  s e i s m i c  d a t a  t o  t h e  marine-nonmarine boundary o r  
t r a n s i t i o n  i n t e r p r e t e d  i n  w e l l  l o g s ,  and t r a c i n g  a s e i s m i c  r e f l e c t i o n s  t o  t h e  
shelf break .  

Because of t h e  r e l a t i v e l y  g r e a t e r  subs idence  on t h e  s o u t h  s i d e  of t h e  
b a s i n ,  the sou thern-source  d e l t a s  p r o b a b l y  d i d  n o t  ex tend  v e r y  far  t o  the 
n o r t h ,  The growth of t h e  h i a t  delta s o u t h e a s t  of NPRA, however, co inc ided  
w i t h  t h e  p r e s e n c e  of t h e  p r o d e l t a  s h e l f  of t h e  l a r g e r  e a s t e r l y  p rograd ing  
w e s t e r n  d e l t a  s o  t h a t  t h e  sou thern-der ived  c l a s t i c s  could  be d i s t r i b u t e d  a long  
t h e  n o r t h - n o r t h w e s t e r l y  t r e n d i n g  s h o r e l i n e  and s h e l f ,  p robab ly  by longshore  
c u r r e n t s  (fig. 13)" It i s  p o s t u l a t e d  t h a t  d u r i n g  l a t e  Nanushuk t ime, wave 
a c t i o n  and longshore  c u r r e n t s  i n c r e a s e d  because  of the more open marine  
c o n d i t i o n s  t h a t  p r e v a i l e d  a f t e r  the Barrow a r c h  subs ided  enough t o  lose i t s  
s i l l i n g  e f f e c t  on t h e  C o l v i l l e  b a s i n .  It i s  f u r t h e r  p o s t u l a t e d  t h a t  p r i o r  t o  
t h a t  t ime,  marine c i r c u l a t i o n  w a s  somewhat r e s t r i c t e d  i n  t h e  C o l v i l l e  bas in .  
This  may account  f o r  t h e  l o w  mar ine  energy and the  r e l a t i v e  p a u c i t y  of good 
marine  fauna  i n  much of t h e  Nanushuk i n  t h e  wes te rn  p a r t  (Molenaar, i n  p r e s s ) .  

Thus t h e  e a s t e r n  p a r t  of NPRA a l o n g  t h e  a l ignment  of t h e  Umiat, I n i g o k  
and Simpson w e l l s  has  t h i c k e r ,  b e t t e r  s o r t e d ,  c l e a n e r  sands tone  u n i t s .  I n  
a d d i t i o n ,  t h e  sand c o n t r i b u t i o n  from t h e  Umiat d e l t a  was r e l a t i v e l y  r i c h e r  i n  
q u a r t z  (Bartsch-Winkler,  1979,  p.  61), e s p e c i a l l y  f a r t h e r  n o r t h  where l a b i l e  
c o n s t i t u e n t s  p r o b a b l y  were removed by winnowing and a b r a s i o n .  A l t e r n a t e  
hypotheses  f o r  t h e  t h i c k e r  s a n d s t o n e  b u i l d u p s  a long  t h a t  t r e n d  may be t h a t  
i n c r e a s e d  wave energy c o n c e n t r a t e d  sand i n t o  t h i c k e r  u n i t s ,  or  t h a t  t h e  i n f l u x  
o f  a w e s t e r n  f l u v i a l  system i n  l a t e  Nanushuk t i m e  was r e s p o n s i b l e  f o r  t h e  
i n c r e a s e  i n  sand p e r c e n t a g e .  Evidence f o r  such a f l u v i a l  system i s  l a c k i n g ,  
however, because of e r o s i o n  of t h a t  p a r t  of t h e  s e c t i o n  t o  t h e  west. 

I n  t h e  a r e a  of b a s e  Inlet s o u t h e a s t  of P t .  Barrow, a l a rge  i n c i s e d  
canyon o r  v a l l e y ,  known as  Simpson Canyon, has  c u t  o u t  t h e  Nanushuk Group and 
much of t h e  Torok Formation i n  t h e  s u b s u r f a c e  ( f i g s .  6E and 13). This  canyon, 
which is f i l l e d  with s h a l e  of t h e  C o l v i l l e  Group, i s  cons idered  t o  be c u t  by 
submarine p r o c e s s e s  d u r i n g  t h e  l a t e  stages of t h e  Nanushuk r e g r e s s i o n  ( P a v e  
and o t h e r s ,  1951). A f t e r  t h e  Nanushuk d e l t a  had prograded a c r o s s  t h e  Barrow 
a r c h ,  and was open t o  the Canada basin t o  the  n o r t h ,  a canyon-cut t ing phase 
was p r o b a b l y  i n i t i a t e d .  Sea l e v e l  r i s e  and t h e  C o l v i l l e  t r a n s g r e s s i o n  
t e r m i n a t e d  t h e  r e g r e s s i o n  and t h e  canyon c u t t i n g .  This t r a n s ~ r e s s i o n  marks 
t h e  beg inn ing  of t h e  Upper Cre taceous  c y c l e  of d e p o s i t i o n .  Some of the 



d e l t a i c  c l a s t i c s  of t h i s  cycle i n  t he  a r e a  south of Umiat, however, are 
included i n  t h e  Nanushuk Group. 

SUPWIRY OF DEPOSITIONAL HISTORY 

E a r l i e s t  Cretaceous sed imenta t ion  i n  the  no r the rn  p a r t  of NPRA was a 
c o n t i n u a t i o n  of the  J u r a s s i c  cyc l e  of depos i t ion .  This  is represen ted  by the 
southward prograding Ellesrnerian s h e l f  and s lope  s h a l e  sequence of t he  Kingak 
Shale.  On the  south s i d e  of t he  C o l v i l l e  bas in ,  t u r b i d i t e s  of the  Okpikruak 
Formation were depos i ted  i n  f r o n t  of t h e  a n c e s t r a l  Brooks Range orogen, which 
may have been i n i t i a t e d  i n  J u r a s s i c  time. P a r t l y  coeval  or s l i g h t l y  younger 
rocks i n  t h e  a r e a  of what i s  now t h e  southern  f o o t h i l l $  are r ep re sen t ed  by a 
t h i n  condensed s e c t i o n  of b lack  s h a l e  conta in ing  coquinodal l imestone beds. 
Because of t h e  i n f e r r e d  shal low marine environment f o r  t h e  coquina beds,  a 
medial r i d g e  or  s i l l  i s  envis ioned  t o  have separa ted  the  Okpikruak t u r b i d i t e  
b a s i n  t o  t h e  south  from the El lesmer ian  s h a l e  b a s i n  t o  t h e  nor th .  

I n  mid-Neocornian t ime, r e l a t i v e  u p l i f t  i n  northernmost Alaska, subsequent 
e r o s i o n ,  and t r a n s g r e s s i o n  by t h e  Hautervian-Barremian(?) pehhle  s h a l e  u n i t  
t e rmina ted  t he  El lesmerian d e p o s i t i o n a l  cycle .  To t he  south the pebble s h a l e  
u n i t  appa ren t ly  grades t o  a conformable she l f  and s lope  sequence towards t h e  
axis of the  C o l v i l l e  bas in ,  where d e f i n i t i v e  se i smic  or o the r  subsur face  da ta  
a r e  lack ing .  On the  s t r u c t u r a l l y  complex south  s i d e  of the C o l v i l l e  b a s i n ,  
t h e r e  a r e  no repor ted  s t r a t a  of l a t e  Neocomian age. Large-scale deformation 
and t h r u s t i n g  may have been i n i t i a t e d  a t  t h a t  time. 

After pebble  s h a l e  depos i t i on  i n  the nor thern  p a r t  of NPRA, t he  C o l v i l l e  
ba s in  was s i g n i f i c a n t l y  downwarped. Thus the  n o r t h  f l ank  of t he  has in  was 
i s o l a t e d  from t he  i n f l u x  of Brookian c l a s t i c s  u n t i l  the  bas in  was f i l l e d  from 
the  south or  southwest.  This i s  c h a r a c t e r i s t i c  of Cretaceous sed imenta t ion  
throughout  nor thern  Alaska. I n  t he  no r the rn  NPRA a r e a ,  s i g n i f i c a n t  post-  
Neocomian depos i t i on  d i d  not  occur  u n t i l  l a t e  Albian time. 

Large-scale deformation and t h r u s t i n g  continued during Aptian time i n  the  
a n c e s t r a l  Brooks Range orogen on the  south.  Aptian-age rocks a r e  no t  known 
wi th  c e r t a i n t y  i n  nor thern  Alsaka. Undoubtedly, however, t h e r e  must have been 
Aptian d e p o s i t i o n  i n  t he  a x i a l  p o r t i o n  of the  C o l v i l l e  bas in .  P a r t s  of the 
For t r e s s  Mountain Formation, which is  a t h i c k  orogenic ,  l a r g e l y  deep-water 
depos i t  on t he  south  f l ank  of t he  bas in ,  may he i n  p a r t  Aptian i n  age ,  
a l though it i s  gene ra l l y  considered t o  be early Albian. The F o r t r e s s  Yountain 
grades i n t o  the lower p a r t  of t he  Torok Formation t o  the  nor th .  During Albian 
t i m e ,  deep-water bas in-p la in  d e p o s i t s  of the  Torok onlapped the  south-dipping 
l a t e  Neocornian pebble  s h a l e  u n i t  on the n o r t h  f l ank  of t h e  C o l v i l l e  Basin. 
Deposits r e p r e s e n t i n g  the i n t e rven ing  time are e i t h e r  absent  or are a t h i n  
condensed s e c t i o n  and may be included i n  t he  uppermost p a r t  of the  pebble  
s h a l e  u n i t .  

F i n a l  f i l l i n g  of the  C o l v i l l e  bas in  occurred i n  mid t o  l a t e  Albian t ime, 
and i s  r ep re sen t ed  by pro-del ta  s h a l e  and thin-bedded t u r b i d i t e  d e p o s i t s  of 
t h e  Torok Formation and over ly ing  d e l t a i c  d e p o s i t s  of the Nanushuk Group. 
Although some of t he  Nanushuk d e l t a i c  d e p o s i t s  prograded t o  t he  n o r t h  on t h e  
south  s i d e  of the  bas in ,  the main d e l t a  prograded t o  the  ea s t -no r theas t ,  
a lmost  ~ a r a l l e l  wi th  the C o l v i l l e  h a s i n  axis.  A l a r q e  source  a r e a  i s  
p o s t u l a t e d  t o  have e x i s t e d  t o  t h e  south-southwest i n  t he  area of the  p re sen t  
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Chukchi Sea and Hope bas in  a r e a  and perhaps even f a r t h e r  t o  the southwest. 
The Barrow a r c h ,  which was a pas s ive  h igh  i n  Albian time may have inf luenced  . 
t h e  d i r e c t i o n  of p rograda t ion .  

Regional subsidence (or  sea l e v e l  r i s e )  and subsequent t r ansg re s s ion  
marks t h e  t e rmina t ion  of Ear ly  Cretaceous d e p o s i t i o n  and c l o s e l y  corresponds 
t o  t he  beginning of a  Late Cretaceous cyc l e  of depos i t ion .  
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Table 1.-Location of 0eZ2s s h a m  in f igure I ,  and stratigraphic data on 
Nanushuk Croup, North Slope, AZaska 

I ? ,  data  no t  r e s o l v e d ;  f approximate  top of sec t ion ;  + eroded top 
of Nanushuk Group, i ncomple te  s e c t i o n ]  

Nanushuk 
Loc . L o c a t i o n  TOP Base Thickness 

No. Well Name Sec. T. R. ( f t >  ( f t )  ( s t )  (m) 

USN Umiat -1 34 1 N. 
USN S k u l l  Cliff C.T.-1 23 -,,I8 N. 
USN Umiat -2 3 1 S. 
USN Simpson -1 32 19 N. 
USN South  Barrow -1 28 23 N. 

USN F i s h  Creek -1 1 5  11 N. 
USN Cumalik -1 30 6 N .  
USN Meade -1 19 8 N .  
USN Fast Oumalik -1 13 5 N. 
USN Simpson C.T. 31 36 19 N. 

USN Ehst Topagoruk -1 12 14 N. 
USN Ti ta luk  -1 23 1 N. 
USN Gubik -1 20 1 N. 
USN Topagoruk -1 25 15 V. 
USN Knifeblade-2A 2 4 S. 

USN Kaolak-1 
USN Square I akc - l  
USN Grandstand-1 
USN Wolf Creek-3 
B r i t i s h  Pet roleum 

Sha le  Wall-1 
Sinclair L i t t l e  

Twist-1 
B r i t i s h  Pet roleum 

Kuparuk-1 
B r i t i s h  Pettoleurn 

I t k i l l i k - 1  
M<Culloch C o l v i l l e  

u-2 
Texaco-Newmont E. 

Kupatuk-1 
Gulf C o l v i l l c  Delta-1 
Pan Am. Aufeis-1 
USN Cape Halker t -1  

Not p r e s e n t  

6,860 180 
Not p r e s e n t  
3,474 1 , 0 2 5  
4,235 1 ,117 

F o r r e s t  Lupine-l . 13 4 S. 
Texaco W. Kurupa-1 33 6 S. 
Texaco E. Kurupa-1 9 7 S. 
USN Eas t  Tcshekpuk-l 16 1 4  N. 
USN So. Har r i son  Bay-1 6 12  N. 2 E. 

USN At iga ru  Pt.-1 
USN W.T. Foran-1 
USN South Simpson-1 
USN West Fish 

Creek-1 
Texaco Tul u ~ a k - l  
USGS Drew Pt.-1 
USGS North 

Ka l ikp ik - l  
USCS R ~ ~ g r u a - 1  
USGS South Mcnde-1 
USGS East  Sinpson-1 
USGS Peard-1 
USGS J.W. Dalton-1 
USGS Inigok-1 
USGS Ikpikpuk-l  
USGS Tunallk-1 
USGS Scabee-1 

1 F a u l t  r c p e t t t i o n  of 760 f t  (277. m) has  hccn rcmovcd. 
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Table 2.4ocat ion of outcrop sectiorzn of Nanushuk Group 
sham in f igure  1, North Slope, Alaska 

[+, incomplete  s e c t i o n ]  

Nnnu~huk 
LOC 

No. Outcrop name 
Loca t ion  thickness 

T. R. (m Source 

1 Corwin Bluff  6-7 S. 53-56 W. 4 ,723-  Chapman and Sable ,  1960. 
3,444+ Smiley, 1969. 

2 Barabara  Sync l ine  1 N.-2 S. 44-45 W. 3,llQ-k Qrapman and Sab le ,  1960. 

3 Kokolik Warp 3-4 S. 40-41 W. 2,091-t Ahlbrandt and o t h e r s ,  
Sync l ine  1979. 

4 E l u s i v e  Sync l ine  13 N. 33 W. 1,977 Chapman and Sab le ,  1960. 

5 Carbon Creek 
A n t i c l i n e  2 S. 28 W. 786+ Ahlbrandt and o t h e r s ,  

19 79. 

6 C o l v i l l e  River  5 S. 1 5 1 7  W. 1,911-b Chapman and o t h e r s ,  
1964. 

7 Kurupa River  6 S. 12-14 W. 1,72R+ Huffman and o t h e r s ,  
[ i n  p r e s s ] .  

8 Knifeblade Ridge 3-4 S. 1 2  W. 1,452+ BrosRe and Whi r t lng tnn ,  
1966. 

9 K1ll. ik River  5-6 S. 6-7 W. 1,361+ Detterman and o t h e r s ,  
1963. 

10 Chandler River- 7-8 S. 1-2 W. 1,426 Do. 
Tuktu Bluff 1,871+ Huffman and o t h e r s ,  

[ i n  p r e s s ] .  

11 Type Grandstand 6 S. 4 E .  81 2+ Do. 

12 Rooftop 7 S. 6-7 E. 37% Do. 

13 Nanushuk River 9 S .  6 E. 1,097+ Detterman and o t h e r s ,  
1963. 

14 Marmot Sync l ine  8 S.  13 E. 8 53+ Huffman and o t h e r s  
[ i n  p r e s s ] .  

1 5  Lupine River  4 S. 1 4  E. 56 3+ no. 



Figure  1 .--Index map of NPRA and ad j a c e n t  a r e a s  showing phys iographic  s u b d i v i s i o n s ,  
w e l l s  and outcrop  s e c t i o n s  used i n  s t u d y ,  l o c a t i o n s  of c r o s s  s e c t i o n s  of 
f i g u r e s  3 and 4 ,  and se i smic  s e c t i o n s  of f i g u r e s  7 ,  8, and 9 .  Dotted line 
is approximate subcrop of Cre taceous-Jurass ic  boundary under pebb le  s h a l e  
unconforrnity. Numbers i n  paren theses  by w e l l s  are p e n e t r a t i o n s  i n  meters  of  
Cretaceous p a r t  of Kingak Shale  a s  i n d i c a t e d  by paleontology.  Refer  t o  
Tables  1 and 2 f o r  i d e n t i f i c a t i o n  of w e l l s  and outcrop  s e c t i o n s .  



F i g u r e  2.--Time-stratigraphic nomenclature chart of Lower Cre taceous  rocks 

a c r o s s  NPRA and adjacent  areas. Diagonal-hatched pat tern  r e p r e s e n t s  eroded 

section; vertical-hatched p a t t e r n  r e p r e s e n t s  n o n d e p o s i t i o n  o r  condensed 

s e c t i o n .  Time s c a l e  i s  n o t  uniform. 
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F i g u r e  4.--Restored c r o s s  s e c t i o n s  a c r o s s  C o l v i l l e  b a s i n  showing Lower Cretaceous rocks  a t  

(A) end of F o r t r e s s  Mountain-lower Torok ( e a r l y  N b i a n )  t ime ,  and (B)  end o f  Nanushuk 

(Cenomanian-early Turonian(?)  t i m e .  I n  n o r t h  h a l f  o f  s e c t i o n s ,  d o t t e d  l i n e  approximates  

Cre t aceous - Ju ra s s i c  boundary, and dashed l i n e s  r e p r e s e n t  bedding t r a c e s  a s  i n d i c a t e d  by 

s e i s m i c  d a t a .  South  h a l f  of  s e c t i o n s  is  diagrammatic.  I n  A, h o r i z o n t a l  beds  i n  upper l e f t  

a r e  a l l u v i a l  and shallow-marine f a c i e s ,  t i l t e d  beds a r e  s l o p e  s h a l e s  and submarine canyon 

f a c i e s ,  and lower  h o r i z o n t a l  beds  a r e  b a s i n a l  s h a l e  and t u r b i d i t e  f a c i e s .  I n  B, t u r b i d i t e s  i n  

lower  p a r t  of  Torok Formation a r e  shown d i ag rammat i ca l ly  t o  i l l u s t r a t e  r e l a t i o n s  w i t h  F o r t r e s s  

Mountain Formation.  L ine  of  s e c t i o n  is  o r i e n t e d  a t  a n  o b l i q u e  a n g l e  t o  p rog rada t ion  d i r e c t i o n  

of Nanushuk-Torok i n t e r v a l .  See F igu re  1 f o r  l o c a t i o n  of s e c t i o n .  
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F i g u r e  5.--Index map o f  NPRA and adjacent a r e a s  showing l i n e s  o f  s t r a t i g r a p h i c  

c r o s s  s e c t i o n s  o f  Nanushuk-Torok i n t e r v a l  ( f i g s .  6A - E ) ,  e a s t e r n  e x t e n t  of 
Nanushuk Group, and s e l e c t e d  Nanushuk Group w e l l s  and o u t c r o p  s e c t i o n s .  
Cross-hatched a r e a  i s  Nanushuk Group o u t c r o p  b e l t .  R e f e r  t o  figure 1 and 
t a b l e s  1 and 2 f o r  i d e n t i f i c a t i o n  of w e l l s  and o u t c r o p  s e c t i o n s .  



CAPTIONS FOR FIGURES 6A-E 

Stratigraphic cross sections of Nanushuk Group and Torok Formation through 

most of wells in NPRA. See figure 5 for location of sections. qorizontal 

distance between wells or sections is indicated. well depths are numhered at 

1,000-ft intervals. Vertical exaggeration is approximately 53 X. SP, 

spontaneous potential; R, resistivity; GR, gamma ray; TT, transit time. 

Dashed lines are correlations of miscellaneous beds or reflectors. Dip angle 

of foreset beds in respect to topset beds is indicated. Datum is hase of 

Colville Group (Seabee Formation) where it is present; otherwise datum 

generally conforms to topset beds. 

6A.--Stratigraphic cross section across northern foothills. 

6B.--Stratigraphic cross section across northern coastal plain. 

6C.--Stratigraphic cross section across northeastern coastal plain. 

6D.-South to north stratigra~hic cross section across the eastern part 

of NPRA. 

6E.--Southeast to northwest stratigraphic cross section across the 

northeas tern part of NPRA. 



- 
F i g u r e  6A.--Stratigraphic cross section across nor thern  f o o t h i l l s .  
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F i g u r e  6C.--Srratigraphic cross section across northeastern c o a s t a l  plain. 
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Figure 6E.--Southeast to northwest stratigraphic cross section across 

northeas tern NPRA. 
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Figure  8. --Seismic s e c t i o n  i n  western  NPRA showing (1) g radua l  s h e l f  b reak  and s l o p e  r e l a t i o n s  of pebble  s h a l e  u n i t  

t o  T r i a s s i c  Shubl ik  Formation, (2) southward th inn ing  of t h e  Kingak Shale, and (3) beds of lower Torok Formation 

onlapping south-dipping pebble s h a l e  u n i t .  Forese t  beds i n  Torok a r e  not present  or a r e  d ipp ing  a t  a  very low 

ang le  i n  t h i s  part of t h e  bas in .  Also, l i n e  of s e c t i o n  is o r i e n t e d  about  60' t o  d i p  of f o r e s e t  beds.  Numbers 

above s e c t i o n  a r e  shot-point numbers. See f i g u r e  1 f o r  l o c a t i o n  of s e c t i o n .  
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Figure 10.--1sopach map of Torok Formation (modified from Bird and h d r e w s ,  

1 9 7 9 ) .  Numbers b e s i d e  wells i n d i c a t e  t h i ckness  of Torok 

Formation; th ickness  v a l u e s  i n  p a r e n t h e s i s  have been c o r r e c t e d  

(approx imate ly )  f o r  t e c t o n i c  thickening i n  t h r u s t - f a u l t e d  

anticlines. Isopach i n t e r v a l  i s  250, 500 and 1000 xu. Refer to 

t a b l e  1 and f i g u r e  1 f o r  i d e n t i f l c a t i o n  of wells. 



extent of s u b a e r i a l  p l a i n  d e p o s i t s ,  and heavy solid l i n e  .is 

p r e s e n t  w e s t e r n  and s o u t h e r n  l i m i t  of  C o l v i l l e  Group. Shaded area 

is  Nanushuk o u t c r o p  b e l t .  (Modif ied  from B i r d  and Andrews, 

19791.. Numbers b e s i d e  c o n t r o l  points indicate thickness of 

Nanushuk Group; a p l u s  a f t e r  number by wells i n d i c a t e s  minimal 

t h i c k n e s s  owing t o  t o p  of Xanushuk h a v i n g  been e roded .  A p l u s  

a f t e r  number by o u t c r o p  section i n d i c a t e s  an incomple te  s e c t i o n  of  

Nanushuk. I sopach  i n t e r v a l  i s  300 m. Refer t o  t a b l e s  1 and  2 ,  

and figure 1 f o r  i d e n t i f i c a t i o n  o f  wells and outcrop s e c t i o n s .  
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Figure 12.--Plot of directional data from seismic foreset dips i n  Torok 

Formation, dipmeter d a t a  from Nanushuk Group sandsto~es, d i r e c t i o n  

of Nanushuk progradation from outcrop (Chapman and Sable, 1960), 

and d i r e c t i o n  of plunge of sVLtrically filled nonmarine channels 

of the Nanushuk Group as  measured by Ahlbrandt and others (1979) 

and Huffman and o the r s  ( i n  p r e s s )  (modified fron B i r d  and Andrews, 



F i g u r e  1 3 . - - I n f e r r e d  pa leogeographic  naps of a p a r t  of n o r t h e r n  Alask2 and 

ad jacen t  areas a t  ( A )  mid-Nanushuk time end ( B )  l a t e s t  Hanushuk 

time (maximum regression). 
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