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AE STRACT 

The Lisburne  Group, a  t h i c k  ca rbona te  rock  u n i t  of M i s s i s s i p p i a n  

and Pennsylvanian age ,  i s  one of t h e  most widespread p o t e n t i a l  r e s e r v o i r  
r, 

rock  u n i t s  i n  no r the rn  Alaska. A comprehensive rev iew of t h e  Lisburne  

i n  t h e  subsu r f ace  of t h e  e a s t e r n  A r c t i c  S lope  i n d i c a t e s  a t t r a c t i v e  

r e s e r v o i r  c h a r a c t e r i s t i c s  i n  a  f a v o r a b l e  sou rce  and mig ra t i on  s e t t i n g  

where numerous t r app ing  mechanisms appear  t o  b e  a v a i l a b l e .  Eva lua t ion  

of t h i s  group a s  a  p o t e n t i a l  e x p l o r a t i o n ' o b j e c t i v e  i s  p a r t i c u l a r l y  

t imely  i n  view of impending o f f s h o r e  sales i n  t h e  Beaufor t  Sea and 
r' 
'L c u r r e n t  e x p l o r a t i o n  programs underway i n  t h e  Prudhoe Bay a r e a  and t h e  

Naval Petroleum Reserve. 

Dolomite and sands tone  have been i d e n t i f i e d  as r e s e r v o i r  rocks .  

O o l i t i c  g r a i n s t o n e  i s  a  common rock  type ,  bu t  a l l  obse rva t ions  t o  d a t e  

i n d i c a t e  l i t t l e  r e s e r v a i r  p o t e n t i a l  owing t o  complete vo id  f i l l i n g  by 

c a l c i t e  cement. The most impor tan t  r e s e r v o i r  rock  a s  judged by t h i c k n e s s ,  

areal e x t e n t ,  and p r e d i c t a b i l i t y  i s  microsucros ic  (10-30 ) dolomi te  of P 
i n t e r t i d a l  t o  s u p r a t i d a l  o r i g i n .  It  i s  p re sen t  throughout  t h e  Lisburne 
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and i s  most abundant near  t h e  middle of t h e  sequence. Northward i t  

dec reases  i n  t h i ckness  from 1,000 f e e t  (300 m) t o  l e s s  than  1 0 0  f e e t  

(30 m). P o r o s i t y  of t h e  dolomi te  a s  determined i n  s e l e c t e d  w e l l s  

averages  between 10  and 1 5  pe rcen t  and a t t a i n s  a maximum of s l i g h t l y  

more than  25 percent .  Net th i ckness  of r e s e r v o i r  rocks  ( i . e . ,  r ocks  

wi th  g r e a t e r  than  5 percent  p o r o s i t y )  v a r i e s  i n  t h e s e  w e l l s  from 140 

f e e t  (40 m) t o  390 f e e t  (120 m). O i l  s h o p  a r e  common, and d r i l l - s t e m  

t e s t s  have y i e lded  a s  much a s  1 ,600  bbls /day  o i l  and 22 MMcf/Jay gas  

i n  the Lisburne  pool  of t h e  Prudhoe Bay F i e l d  and as  much a s  2,057 

bbls /day  s a l t w a t e r  o u t s i d e  t h e  f i e l d  area.. .The occurrence of do lomi te  
I 

over  such a l a r g e  a r e a  makes i t s  presence  i n  t h e  o f f sho re  Beaufort  

Sea and ad jacen t  Naval Petroleum Reserve No. 4 f a i r l y  cer ta in . .  The 

n occurrence of sands tone  a s  t h i c k  a s  140 f e e t  (40 m) i n  t h e  middle and 
L 

upper p a r t  of t h e  Lisburne i n  two c o a s t a l  w e l l s  sugges t s  t h a t  l a r g e r  

Areas of sandstone may be found t o  t h e  n o r t h  i n  o f f s h o r e  a r e a s .  Shows 

of o i l  and gas  and a s a l t w a t e r  f low of 1,470 bbls /day  have been recorded 

from t h i s  sandstone f a c i e s .  

Sha le s  of Permian and Cretaceous age  unconformably o v e r l i e  t h e  

Lisburne,  provid ing  adequate  s e a l i n g  beds above p o t e n t i a l  r e s e r v o i r s .  

Impermeable l imes tone  (completely cemented g ra ins tone )  and t h i n  beds 

of s h a l e  may se rve  a s  s e a l s  w i t h i n  t h e  Lisburne,  but  t h e  p o s s i b i l i t y  

of f r a c t u r e s  i n  t h e s e  u n i t s  may negate  t h e i r  s e a l i n g  c a p a b i l i t y .  

The most f avo rab le  source  rock  f o r  Lisburne hydrocarbons appears  

t o  be  Cretaceous s h a l e  t h a t  unconformably o v e r l i e s  t h e  Lisburne e a s t  

of Prudhoe Bay. This  s h a l e  i s  yepo;ted by Morgridge and Smith (1972) 



0 t o  be a  r i c h  source  rock  and i s  t h e  most l i k e l y  source  f o r  t h e  e n t i r e  

Prudhoe Bay F i e l d .  A source  w i t h i n  t h e  Lisburne o r  w i t h i n  t h e  under ly ing  

Kayak Shale  i s  pos tu l a t ed  t o  exp la in  o i l  shows i n  t h e  southernmost 

Lisburne we l l s .  Th i s  p o s t u l a t e d  source  may b e  i n  a  more b a s i n a l  f a c i e s  

of t h e  Lisburne and may b e  s i m i l a r  t o  d a r k  s h a l e  i n  t h e  upper Lisburne 

found i n  t h r u s t  s l i c e s  i n  t h e  Brooks Range. Coal i n  t h e  under ly ing  

Endicot t  Group i s  a p o s s i b l e  sou rce  . f o r  d r y  gas.  It i s  i n f e r r e d  t h a t  , 
4 

a t  t h e  p re sen t  t ime much of t h i s  c o a l  i s  i n  a  gas-generat ing regime 

downdip from t h e  Prudhoe Bay F i e l d  a r ea .  

' S t r a t i g r a p h i c  t r a p s  involv ing  t h e  Lisburne Group may e x i s t  a s  a 

r e s u l t  of widespread Permian and Cretaceous unconformit ies .  S t r u c t u r a l  

t r a p s  r e l a t e d  t o  normal f a u l t i n g  may occur  along t h e  t r end  of t h e  Barrow 

1 Arch, and f a u l t e d  a n t i c l i n e s  a r e  numerous i n  t h e  f o o t h i i l s  of t h e  Brooks 

Range. Combination t r a p s  a r e  p o s s i b l e  a long  t h e  t rend  of t h e  Barrow 

Arch a t  p l aces  where both s t r a t i g r a p h i c  and s t r u c t u r a l  t r a p  might e x i s t :  
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INTRODUCTION 

The Lisburne Group i n  t h e  subsur face  of t h e  e a s t e r n  A r c t i c  Slope,  

Alaska, c o n s i s t s  of a  t h i c k  sequence of Mis s i s s ipp ian  and Pennsylvanian 

sha l low marine carbonate  rocks.  I n  t h e  Prudhoe Bay F i e l d ,  t h e  Lisburne 

i s  one of f i v e  major petroleum-bearing r e s e r v o i r s .  Because i t  i s  one 

of t h e  most widespread rock  u n i t s  i n  no r the rn  Alaska and because 

subsur face  t e s t s  h e r e  a r e  r e l a t i v e l y  few, t h e  Lisburne i s  c o n s i d e r t o  + ..' 
I be  a l a r g e ,  but gene ra l ly  undocumented t e n t i a l  r e s e r v o i r .  

I The purpose of t h i s  paper  i s  t o  po in t  o u t  t h e  petroleum p o t e n t i a l  

of t h e  Lisburne of t h e  e a s t e r n  A r c t i c  Slope and t o  s p e c u l a t e  on  t h e  

occurrence of t h e  Lisburne northward i n  t h e  o f f s h o r e  and westward i n  

Naval Petroleum Reserve No. 4. Evalba t ion  of t h e  petroleum p o t e n t i a l  

1 ,-, of t h e  Lisburne i s  p a r t i c u l a r l y  t imely  i n  view o f -  impending o f f s h o r e  
' u 

l e a s e  s a l e s  i n  t h e  Beaufort  Sea and t h e  c u r r e n t  exp lo ra t ion  programs 

i n  t h e  Prudhoe Bay a r e a  and t h e  Naval Petroleum Reserve ( F i g . , l ) .  

Throughout t h e  h i s t o r y  of petroleum exp lo ra t ion  i n  no r the rn  Alaska, 

t h e  Lisburne h a s  been considered t o  have "petroleum po ten t i a l " .  I n i t i a l l y  

t h e  Lisburne  was considered t o  be  an "extremely problematic" sou rce  f o r  

o i l ,  and chances were considered s l i g h t  f o r  t r app ing  o i l  i n  s i g n i f i c a n t  

amounts because of t h e  h i g h  degree of deformation observed i n  t h e  Brooks 

Range (Smith and Mer t ie ,  1930).  L a t e r  t h e  Lisburne was considered a  

p o t e n t i a l  r e s e r v o i r ,  b u t  i t  was n o t  pene t r a t ed  by any of t h e  36 t e s t  

w e l l s  d r i l l e d  by t h e  U.S. Navy du r ing  t h e  period 1944-1953 (Reed, 1958).  

The Lisburne was not  encountered i n  t h e  subsur faqe  u n t i l  1966 w i t h  t h e  

I d r i l l i n g  of t h e  Union Kookpuk No. 1 and t h e  S i n c l a i r  C o l v i l l e  No. 1 
1 
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j u s t  e a s t  of NPR 4 (F ig .  2 ) .  I n  t h e s e  w e l l s  t h e  Lisburne had both  

p o r o s i t y  and o i l  shows. The next  w e l l  d r i l l e d  i n  t h i s  r eg ion  was t h e  

Arco-Humble Prudhoe Bay No. 1, t h e  d i scove ry  w e l l  f o r  t h e  Prudhoe Bay 

Fie ld .  S ince  t h e  d iscovery  of t h i s  f i e l d  i n  1968, numerous a d d i t i o n a l  

w e l l s  have pene t r a t ed  t h e  Lisburne;  Well r eco rds  and samples from 4 6  

p e n e t r a t i o n s  of t h e  Lisburne a r e  now p u b l i c l y  a v a i l a b l e  (Fig.  2 ) ;  v e r y  

few of t h e s e  d a t a  have been incorpora ted  i n  e a r l i e r  ~ i s b u r n d  s t u d i e s .  

R e s u l t s  presented  h e r e  a r e  p re l imina ry  and a r e  p a r t  of a n  ongoing 

p r o j e c t  by Bird.  Th i s  s tudy  i s  based on a  network of c o r r e l a t e d  w e l l s  

e s t a b l i s h e d  by e l e c t r i c  l o g ,  l i t h o l o g i c ,  and pa l eon to log ic  c o r r e l a t i o n s .  

Samples and t h i n  s e c t i o n s  from seven w e l l s  were s t u d i e d  i n  d e t a i l  and 

t h e  r e s u l t s  ex t r apo la t ed  t o  nearby we l l s .  A t o t a l  of 22 complete Lisburne  

r'\ 

V 

p e n e t r a t i o n s  and, 24 p a r t i a l  p e n e t r a t i o n s  were a v a i l a b l e  f o r  s tudy .  

Rock samples and pe t rographic  t h i n  s e c t i o n s  were s t u d i e d  a t  t h e  S t a t e  

of Alaska Div i s ion  of O i l  and Gas, Anchorage, Alaska and a t  t h e  U.S. 

Geologica l  Survey, Menlo Park,  C a l i f o r n i a .  

For provid ing  a c c e s s  t o  samples,  t h i n  s e c t i o n ,  and w e l l  r eco rds ,  

t h e  au tho r s  thank t h e  S t a t e  of Alaska Div i s ion  of O i l  and Gas, A t l a n t i c  

R ich f i e ld  Company, B. P. Alaska,  Con t inen ta l  O i l  Company, and Standard 

O i l  Company of C a l i f o r n i a .  

The Lisburne Group has  been s tud ied  e x t e n s i v e l y  i n  t h e  Brooks 

Range and has  been t h e  s u b j e c t  of numerous r e p o r t s ,  p r i m a r i l y  by U.S. 

Geological  Survey personnel .  A. K. Armstrong, t h e  s e n i o r  au tho r  of 

many of t h e s e  r e p o r t s ,  ha s  summarized previous  s t u d i e s  and has  presented  

i n t e r p r e t a t i o n s  of t h e  L i sbu rne l s  r e g i o n a l  paleogeography, l i t h o f a c i e s ,  



and po ros i ty  t r ends  (Armstrong and Mamet, 1970; Armstrong e t  a l . ,  1970; 

Amst rong,  1974; Armstrong and B i rd ,  1976) and d i agenes i s  (Wood and 

Armstrong, 1975). The r e g i o n a l  s e t t i n g  and gene ra l  s t r a t i g r a p h y  of 

t h e  Prudhoe Bay F i e l d  have been desc r ibed  by Rickwood (1970) and by 

Morgridge and Smith (1972). The r e g i o n a l  t e c t o n i c  s e t t i n g  and d e p o s i t i o n a l  

h i s t o r y  of t h e  North Slope and ad jacen t  a r e a s  have been summarized most 

r e c e n t l y  by Lerand (1973) and Grantz et &. (1975). 

The fo l lowing  b r i e f  summary of t h e  geologic  h i s t q r y  and s e t t i n g  

I '  

' i s  included t o  show t h e  r e l a t i o n  of t h e  Lisburne Group t o  the tectonic 

framework of t h e  North Slope and t o  i l l u s t r a t e  t h e  s i m i l a r i t i e s  of 

t h e  Lisburne t o  o t h e r  major o i l -bea r ing  r e s e r v o i r s  a t  Prudhoe Bay. 
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GEOLOGIC HISTORY AND SETTING 

The L i s b u r n e  Group of t h e  e a s t e r n  A r c t i c  S lope  i s  t h e  n o r t h e r n  

s u b s u r f a c e  c o n t i n u a t i o n  of r o c k s  exposed i n  t h e  Brooks Range t h a t  

ex tend  from t h e  Yukon T e r r i t o r y ,  Canada, 750 m i l e s  (1250 km) westward 

t o  Cape L i s b u r n e  (F ig .  1 ) .  The L i s b u r n e  i s  p a r t  of a b e l t  o f  c l a s t i c  

and c a r b o n a t e  r o c k s  o f  C a r b o n i f e r o u s  a g e  e x t e n d i n g  n e a r l y  t h e  e n t i r e  

l e n g t h  of t h e  North  American C o r d i l l e r a  and p robab ly  westward b e n e a t h  

1 t h e  Chukchi Sea a t  least  t o  Wrangel I s l a n d  (Gran tz  e t  a l . ,  1975 ; .  
I 

Bogdanov and Tilman, 1964) .  The i r r e g u l a r  n o r t h e r n  edge o f  t h e  L i sburne .  

(Fig .  I), formed b y  e r o s i o n a l  and d e p o s i t i o n a l  t h i n n i n g ,  f o l l o w s  t h e  

t r e n d  o f  t h e  Mesozoic Barrow Arch. From i t s  n o r t h e r n  marg in  a t  a d e p t h  

of a b o u t  9000 f e e t  (3000 m), t h e  L i s b u r n e  s l o p e s  g r a d u a l l y  southward 

a s  d e p t h  of b u r i a l  i n c r e a s e s  t o  more t h a n  25,000 f e e t  (8000 m) a l o n g  

t h e  ax is  of t h e  Mesozoic C o l v i l l e  Trough (Rickwood, 1970).  The L i s b u r n e  

i n  t h e  c e n t r a l  and  w e s t e r n  Brooks Range h a s  been t h r u s t  r e l a t i v e l y  

nor thward hundreds  of k i l o m e t e r s  t o  a p o s i t i o n  n e a r l y  o v e r  t h e  a x i s  

of t h e  C o l v i l l e  Trough (Mar t in ,  1970; T a i l l e u r  and Sne l son ,  1968) .  

I n  t h e  n o r t h e a s t e r n  Brooks Range, d i sp lace rncn t s  a r e  much s m a l l e r  t h a n  

i n  t h e  w e s t e r n  p a r t  of t h e  r a n g e  and t h e  L i s b u r n e  i s  thought  t o  b e  

more n e a r l y  au toch thonous  (F ig .  1 ) .  

The L i s b u r n e  i s  p a r t  of a n  Upper Devonian t o  lowermost Cre taceous  

assemblage of e l a s t i c  and c a r b o n a t e  r o c k s  d e p o s i t e d  i n  a southward- 

deepen ing  b a s i n  w i t h  a s o u r c e  f o r  sed iments  t o  t h e  n o r t h .  T h i s  

assemblage,  t h e  E l lesn ie r ian  sequence of Lerand (1973), i n c l u d e s  f o u r  

of the f i.ve major  r e s e r v o i r s  i n  ,the Prudhoc Bay  F i e l d .  



lfajor tec tonism i n  Late  J u r a s s i c  and Ea r ly  Cretaceous t ime i n  

no r the rn  Alaska r e s u l t e d  i n  t h e  r e p l a c i n g  of no r the rn  landmasses by 

southern  ones.  This  t e c t o n i c  even t ,  probably t h e  most s i g n i f i c a n t  

i n  t h e  h i s t o r y  of no r the rn  Alaska, r e s u l t e d  i n  t h e  formation of t h e  

a n c e s t r a l  Brooks Range, t h e  opening of t h e  Arc t ic  Ocean, and t h e  

formation of t h e  t r a p  a t  Prudhoe Bay (Rickwood, 1970).  A t  t h a t  t ime 

t h e  once cont inuous,  smoothly s l o p i n g  c o n t i n e n t a l  mass t h a t  formed 
4 

t h e  no r the rn  source  a r e a  and s h e l f  f o r  t h e  El lesmer ian  sequence was 

r i f t e d  a p a r t .  The u p l i f t e d  edge of t h e  r i f t  v a l l e y  was eroded, and 

n o r t h e a s t  of Prudhoe Bay much of t h e  El lesmer ian  sequence was removed. 

L a t e r  t h e  newly formed c o n t i n e n t a l  margin of no r the rn  Alaska subsided 

and t i l t e d  i n  t h e  d i r e c t i o n  of t h e  newly opened A r c t i c  Ocean, thereby  

forming t h e  Barrow Arch. Th i s  p o s i t i v e  f e a t u r e  was onlapped by younger 
,-,, 

-a@ s t r a t a ,  and t h e  t runca ted  rocks  of t h e  El lesmer ian  sequence were sea l ed  
: >ti.. 

.'( 
. . . ..P. 

L 

by Barremian and younger Cretaceous s h a l e s .  These s h a l e s ,  r i c h  i n  ' 

organic  ma t t e r ,  a r e  t h e  presumed source  rocks  f o r  Prudhoe Bay hydrocarbons 

(Morgridge and Smith, 1972) . 
Continued subsidence i n  t h e  n o r t h  and u p l i f t  i n  t h e  sou th  toge the r  

produced northeastward-migrating foredeeps ,  which were f i l l e d  by a  

s e r i e s  of c l a s t i c  wedges. The Barrow Arch was onlapped and overstepped 

by t h e s e  c l a s t i c  wedges i n  La te  Cretaceous and T e r t i a r y  time. It was 

t h e  f o r t u i t o u s  combination of e x c e l l e n t  r e s e r v o i r  rocks  loca t ed  on a 

major s t r u c t u r e ;  t h e  t r u n c a t i o n ,  over lapping ,  and s e a l i n g  of t h e s e  

r e s e r v o i r  rocks  by r i c h  source  beds;  and t h e i r  subsequent b u r i a l  t h a t  

r e s u l t e d  i n  the Prudhoe Bay F i e l d ,  t h e  l a r g e s t  petroleum accumulat ion 
1 

i n  North America. 



0 STRATlGRAPilY 

The Lisburne i n  t h e  subsur face  of t h e  e a s t e r n  Arc t i c  Slope of 

Alaska i s  p a r t  0 f . a  g e n e t i c a l l y  r e l a t e d  sequence of Mis s i s s ipp ian  and 

Pennsylvanian rocks  bounded a t  t h e  top and base by major unconformi t ies  

(Fig. 3 ) .  Thi s  sequence can convenient ly  be d iv ided  i n t o  a  lower p a r t  

coniposed p r i m a r i l y  of c l a s t i c  rocks ,  ass igned  t o  t h e  upper p a r t  of 

t h e  Endicot t  Group ( T a i l l e u r  - e t  -* a 1  9. 1967),  and a n  upper p a r t  composed 
C 

pr imar i ly  of carbonate  rocks ,  t h e  Lisburne Group (Bowsher and Dutro, 

1957). The End ico t t  Group i n  t h i s  a r e a  i n c l u d e s  t h e  Kekiktuk Conglomerate, 

t h e  Kayak Shale ,  and t h e  I t k i l y a r i a k  Formation, whereas t h e  Lisburne 

Group c o n s i s t s  of t h r e e  informal  l i t h o l o g i c  u n i t s :  a  lower l imes tone ,  

a  media l  dolomite ,  and an  upper l imestone.  

I The v e r t i c a l  success ion  of rock types ,  s i m i l a r  t o  t h a t  p rev ious ly  

3 descr ibed  i n  t h e  n o r t h e a s t e r n  Brooks Range by Brosge e t  a l .  (1962) 

1 and by Mull and Mangus (1972), i n d i c a t e s  a  p rog res s ive  change upward 

from nonmarine t o  marine d e p o s i t i o n a l  environments,  i . e . ,  an  o v e r a l l  

t r ansg res s ion .  Regional s t r a t i g r a p h i c  s y n t h e s i s  by Armstrong (1974) 

i n d i c a t e s  t h a t  depos i t i on  took p l ace  i n  a n  eas t - t r end ing  b a s i n  and 

t h a t  t h e  t r ansg res s ion  proceeded from sou th  t o  nor th .  The v e r t i c a l  

sequence of rock types  and t h e i r  i n f e r r e d  environments of d e p o s i t i o n  

sugges t  t h a t  t h e  t r a ~ l s g r q s s i o n  was character i .zed i n i t i a l l y  by d e p o s i t i o n  

of coarse-  t o  f ine-grained coal-bearing c l a s t i c  sediments i n  a n  a l l u v i a l -  

d e l t a i c  environment ad j acen t  t o  a  sha l low s e a  i n  which sand, mud, and 

a r g i l l a c e o u s  l imestone were be ing  depos i ted .  La te r  t h e  supply of c l a s t i c  

sediment was g r e a t l y  reduced and carbonate  sedimentat ion predominated. 
8 



The t r a n s g r e s s i o n  was t h e n  c h a r a c t e r i z e d  by l i m e s t o n e  d e p o s i t i o n  i n  

t i d a l  f l a t  and l a g o o n a l  environments  a d j a c e n t  t o  a  b r o a d ,  s h a l l o w  

c a r b o n a t e  s h e l f  w i t h  o o l i t e  b a r s  and t r a c t s  of b i o c l a s t i c  sand .  

I s o p a c h s  of t h e  E n d i c o t t  Group (F ig .  4 )  and t h e  L i s b u r n e  Group 

(F ig .  5) show g e n e r a l l y  similar p a t t e r n s  w i t h  t r u n c a t i o n  i n  t h e  
. . 

n o r t h e a s t  by a n  E a r l y  Cre taceous  unconformi ty .  T h i s  s i m i l a r i t y  i n  

t h i c k n e s s  s u g g e s t s  t h a t  major  t o p o g r a p h i c - f e a t u r e s  p e r s i s t e d  th roughout  

C a r b o n i f e r o u s  t ime;  l i t h o l o g i c  changes  a c r o s s  t h e s e  h i g h s  and lows 

( d i s c u s s e d  below i n  more d e t a i l )  are c o n s i s t e n t  w i t h  t h i s  i n t e r p r e t a t i o n .  

S u b s u r f a c e  c o r r e l a t i o n s  (Fig .  6) i n d i c a t e  t h a t  t h i n n i n g  o f  t h e s e  s t r a t a  

f rom n e g a t i v e  t o  p o s i t i v e  a r e a s  was by t h r e e  mechanisms: 1 )  o n l a p  by 
*,. 

% .  . 6 a s a l  e l a s t i c  r o c k s  o f  t h e  Kekiktuk Conglomerate,  2 )  convergence o f  

,- 

w 
beds  ( I n t e r n a l  t h i n n i n g )  i n  b o t h  t h e  E n d i c o t t  and L i s b u r n e  Groups, and 

3) t r u n c a t i o n  a t  t h e  t o p  of t h e  L i s b u r n e .  A 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  

a c r o s s  t h e  p o s i t i v e  a r e a  i n  t h e  n o r t h e a s t e r n  Brooks Range by Armstrong . 
and B i r d  (1976) shows s i m i l a r  r e l a t i o n s .  

A f e a t u r e  s u g g e s t i v e  of a c l a s t i c  wedge i s  p r e s e n t  i n  t h e  E n d i c o t t  

Group n e a r  t h e  t r u n c a t i o n  edge ,  b u t  i t s  geometry i s  p o o r l y  d e f i n e d ,  

and t h e  sediment  g r a i n  s i z e  and p r o p o r t i o n  of s a n d s t o n e  t o  s h a l e  d o  

n o t  a p p e a r  t o  d i f f e r  s i g n i f i c a n t l y  i n  nearby  w e l l s .  

The fo . l lowing d i s c u s s i o n  of l a t e  P a l e o z o i c  s t r a t i g r a p h i c  u n i t s  i s  

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

i n  t h e  s u b s u r f a c e  and t o  p r e s e n t  t h e  c r i t e r i a  used i n  d i s t i n g u i s h i n g  

these f o r m a t i o n s .  



Kekiktuk Conglomerate 

A success ion  of g ray  s h a l e  and sands tone  w i t h  minor amounts of 

l imes tone ,  conglomerat ic  sands tone ,  and c o a l  rests on a  pre-Upper 

Devonian basement of mi ld ly  metamorphosed, deformed, and eroded 

a r g i l l i t e .  Because of t h e i r  g e n e r a l l y  s i m i l a r  l i t h o l o g y  and 

s t r a t i g r a p h i c  p o s i t i o n ,  t h e s e  sedimentary rocks  a r e  ass igned  t o  t h e  

Kckiktuk Conglomerate a s  de f ined  by,Brosge e t  a l .  (1962) i n  t h e  
., 

n o r t h e a s t e r n  Brooks Range. I n  t h e  Brooks Range and p r o b a b l y . i n  most 

of t h e  s u b s u r f a c e ' t h e  Kekiktuk i s  o v e r l a i n  w i t h  appa ren t  conformity 

by t h e  Kayak Shale .  I n  t h e  northernmost a r e a s  of t h e  subsu r f ace  t h e  

I t k i l y a r i a k  Formation o v e r l i e s  t h e  Kekiktuk. The c o n t a c t  between t h e  

Kekiktuk and I t k i l y a r i a k  appears  t o  b e  g r a d a t i o n a l  and i s  picked a t  

t h e  h i g h e s t  occur rence  of a  cont inuous sequence of carbonaceous 
n 

sands tone  and g ray  sha l e .  I n  t h e  a r e a  of t h e  pa leo  h igh  w e s t  of 

Prudhoe Bay (Fig.  4 ) ,  t h e  Kekiktuk Conglomerate i s  n o t  d i s t i n g u i s h a b l e  

from t h e  I t k i l y a r i a k  Formation. These rocks  c o n s i s t  of r e d  and gray  

conglomerate,  sands tone ,  and s h a l e  w i t h  minor amounts of l imes tone .  
. . 

Since  no c l e a r  d i s t i n c t i o n  can be  made between t h e  Kekiktuk and 

I t k i l y a r i a k  Formations i n  t h i s  s e c t i o n ,  i t  i s  r e f e r r e d  t o  a s  t h e  

End ico t t  Group u n d i f f e r e n t i a t e d  (F ig .  6 ) .  

The g r e a t e s t  observed t h i c k n e s s  of t h e  Kekiktuk i s  s l i g h t l y  more 

t han  1500 f e e t  (450 m )  i n  t h e  Mobil Mikkelsen Bay N O .  1 (Fig.  6 ) .  

The format ion  t h i n s  southeastward t o  about  300 f e e t  (100 m) a t  t he  

type  s cc t io r l  i n  t l ~ c  n o r t h c a s t e r n  Brooks Range. Westward from t h e  

Mikkelsen Bay well, t h e  Kekiktuk t h i n s ,  appa ren t ly  by onlap  and 
I 

i n t e r n a l  convergence (F ig .  6 ) .  



R e l a t i v e  t o  t h e  t ype  a r e a ,  t h e  Kekiktuk i n  t h e  subsur face  appears  

t o  con ta in  more s h a l e ,  c o a l ,  and l imes tone  and less sands tone  and 

conglomerate. These d i f f e r e n c e s  i n  l i t h o l o g y  and th i cknes s  sugges t  

t h a t  t h e  Kekiktuk was depos i ted  i n  a  r a p i d l y  subs id ing  b a s i n  by 

low-gradient s t reams t r a v e r s i n g  a swampy lowland t h a t  was o c c a s i o n a l l y  

f looded by t h e  s ea .  An e a s t e r n  source  a r e a  has  been p o s t u l a t e d  f o r  

t h e  t y p e  Kekiktuk (Reed, 1968; Donovan and Tai . l l eur ,  1975).  A 

n o r t h e r n  source  a r e a  may be  i n d i c a t e d  by t h e  r e l a t i v e l y  coarse-grained 

u n d i f f e r e n t i a t e d  End ico t t  Group on t h e  pa l eo  h igh  west of Prudhoe Bay 

(Figs .  4 and 6 ) .  

Kayak Shale  

A sequence of dark-gray s h a l e  w i th  va ry ing  amounts of sands tone  

and l imes tone  l i e s  g r a d a t i o n a l l y  between t h e  Kekiktuk Conglomerate 

* 
and t h e  I t k i l y a r i a k  Formation (F ig .  6 ) .  These rocks  a r e  a s s igned  t o  

t h e  Kayak Sha le  (Bowsher and Dutro,  1957) on t h e  b a s i s  of s i m i l a r  

l i t h o l o g y .  The s t r a t i g r a p h i c  p o s i t i o n  of t h e  Kayak i n  t h e  subsu r f ace  

d i f f e r s  from t h a t  i n  t h e  t ype  s e c t i o n  i n  t h e  c e n t r a l  Brooks Range, 

where t h e  Kayak occurs  disconformably beneath t h e  Lisburne Group and 

above t h e  Upper Devonian Kanayut Conglomerate (Bowsher and Dutro,  1957, 

p .  6). I n  t h e  subsur face  t h e  Kayak i s  encountered most. f r e q u e n t l y  

i n  wells sou th  and e a s t  of BP Sag D e l t a  31-10-16 (F ig .  6 ) ,  where i t  

c o n s i s t s  predonlinantly of g ray  s h a l e  w i th  minor amounts of l imes tone ,  

sandstone,  and t h i n  red  s h a l e  beds.  Although f a c i e s  r e l a t i o n s  a r e  

complex, i t  appears  t h a t  t h e  Kayak wedges ou t  i n  a no r thwes t e r ly  

d i r e c t i o n  toward Prudlloe Bay by l a t e r a l  g r ada t ion  i n t o  both t h e  
1 



0 Kekiktuk Conglomerate and t h e  I t k i l y a r i a k  Formation.  The Kayak a p p e a r s  

t o  r e p r e s e n t  a  s h a l l o w  mar ine ,  l o c a l l y  e u x i n i c  environment o f  d e p o s i t i o n  

and perhaps  i n d i . c a t e s  a minor t r a n s g r e s s i v e  p u l s e  w i t h i n  t h e  o v e r a l l  

g e n t l y  t r a n s g r e s s i v e  sequence (F ig .  3 ) .  

I t k i l y a r i a k  Format ion 

A d i s t i n c t i v e  sequence of r e d  and g r a y  sed imenta ry  r o c k s  r e f e r r e d  

t o  t h e  I t k i l y a r i a k  Formation of Mull  and ~ a n i u s  (1972) u n d e r l i e s  t h e  
d 

L i s b u r n e  Group. I n  t h e  s u b s u r f a c e  t h i s  f o r m a t i o n  c o n s i s t s  o f  s h a l e ,  

l i m e s t o n e ,  and s a n d s t o n e  p redominan t ly  r e d  i n  c o l o r .  S h a l e  g e n e r a l l y  

c o n s t i t u t e s  more t h a n  60 p e r c e n t  of t h e  sequence.  Limestone t h a t  

becomes more abundant  i n  t h e  upper  p a r t  o f  t h e  f o r m a t i o n  a c c o u n t s  f o r  

as much a s  30 p e r c e n t  o f  t h e  f o r m a t i o n ;  s a n d s t o n e  c o n t r i b u t e s  g e n e r a l l y  

l e s s  t h a n  1 0  p e r c e n t .  Nodules of a n h y d r i t e  a r e  common i n  t h e  s h a l e  
/,=, 
LA' and l i m e s t o n e .  S i n c e  t h i n  beds  of r e d  s h a l e  o c c u r  l o c a l l y  th roughout  

t h e  L i s b u r n e  Group (e .g . ,  BP P u t  R i v e r  9-11-13) and even i n  t h e  o v e r l y i n g  

S a d l e r o c h i t  Group (e.g., S inc la i r -BP C o l v i l l e  No. l), t h e  basis f o r  

i d e n t i f y i n g  t h e  t o p  of t h e  I t k i l y a r i a k  u s i n g  " t h e  t o p  of t h e  h i g h e s t  

redbed" (Mull and Maguk, 1972,  p. 1367) shou ld  b e  modi f i ed .  I n  t h i s  

s t u d y ,  w e  have p icked  t h e  t o p  of t h e  I t k i l y a r i a k  a t  t h e  t o p  o f  t h e  

h i g h e s t  o c c u r r e n c e  of a conti .nuous sequence  of redbeds  b e n e a t h  a 

sequence composed predominant ly  of c a r b o n a t e  r o c k s .  

The g r e a t e s t  observed t h i c k n e s s  of t h e  I t k i l y a r i a k  Format ion i s  

850 f e e t  (260 m)  p e n e t r a t e d  i n  t h e  Mohil  Kadle r  No. 1 ( F i g .  2 ) .  The 

c o n t a c t  w i t h  t h e  underlying Kayak S h a l e  a p p e a r s  t o  b e  g r a d a t i o n a l ,  

a s  d o e s  t h e  c o n t a c t  w i t 1 1  t h e  o v e r l y i n g  L i s b u r n e  Group. Southeastward 
I 



0 
from t h e  Arco-Humble Prudhoe Bay No. 1, i n t e r b e d s  of l i m e s t o n e  and g r a y  

and g r e e n  s h a l e  i n c r e a s e  i n  abundance and s u g g e s t  a l a t e r a l  e q u i v a l e n c y  

of t h e  I t k i l y a r i a k  w i t h  p a r t  of t h e  Kayak. I n  t h e  area of  S inc la i r -BP 

C o l v i l l e  No. 1 (F ig .  6 ) ,  i n t e r b e d d e d  l i m e s t o n e  i s  r a r e ,  and t h e  s e c t i o n  

c o n s i s t s  predominant ly  of s a n d s t o n e ,  conglomerate ,  and s h a l e .  T h i s  

i n t e r v a l ,  d e s i g n a t e d  a s  t h e  " E n d i c o t t  Group u n d i f f e r e n t i a t e d " ,  may be  

a r e d  o x i d i z e d  f a c i e s  o f  t h e  Kekiktuk Conslomerate  o r  a n  u n u s u a l l y  

coarse -gra ined  f a c i e s  of t h e  I t k i l y a r i a k  Format ion.  

The I t k i l y a r i a k  Format ion i s  i n t e r p r e t e d  a s  hav ing  been d e p o s i t e d  

under  a r i d ,  s u b a e r i a l  c o n d i t i o n s  on a c o a s t a l  p l a i n  which was 

p e r i o d i c a l 1 9  f looded  by t h e  sea. T h i s  i n t e r p r e t a t i o n  i s  based  on t h e  

s t r a t i g r a p h i c  p o s i t i o n  of t h e  f o r m a t i o n ,  i t s  r e d  c o l o r ,  t h e  i n t e r b e d d e d  

-, l i m e s t o n e  c o n t a i n i n g  t h e  same s u i t e  bf f o s s i l  f r agments  a s  t h e  L i s b u r n e ,  
- "  

and t h e  p r e s e n c e  of e v a p o r i t e  n o d u l e s .  

L i s b u r n e  Group 

The L i s b u r n e  Group c o n s i s t s  of l i m e s t o n e  and d o l o m i t e  w i t h  v a r y i n g  

amounts of s h a l e ,  s a i d s t o n e ,  r ep lacement  c h e r t ,  and n o d u l a r  a n h y d r i t e .  

I n t e r b e d d e d  s h a l e  and s a n d s t o n e  i n c r e a s e  i n  abundance nor thward from 

t h e  Brooks Range b u t  seldom make up more t h a n  abou t  20 p e r c e n t  o f  t h e  

t o t a l  s e c t i o n .  Accompanying t h i s  northward i n c r e a s e  i n  s i l i c i c l a s t i c  

r o c k s  is  a  n o t i c e a b l e  c o l o r  change from s h a d e s  of g r e e n  and g r a y  i n  

t h e  s o u t h e r n  w e l l s  t o  red  and g r a y  i n  t h e  nor the rnmos t  w e l l s .  

I n  t h e  s u b s u r f a c e  t h e  L i s b u r n c  i s  t h e  e q u i v a l e n t  of t h e  Alapah 

Limestone (Bowslrer and Dutro ,  1957) and t i le Wahoo Limes to~re  (Brosge 

e t  a l . ,  1962) a s  d e f i n e d  i n  t h e  B r v o k s ' ~ a n ~ e .  Because t h e s e  f o r m a t i o n s  
1 



' a r e  d i f f i c u l t  t o  d i s t i n g u i s h  i n  t h e  subsur face ,  t h e  Lisburne Group i s  

subdivided t h e r e  i n t o  t h r e e  informal  l i t h o l o g i c  u n i t s :  1 )  a  lower 

l imestone,  2) a  medial  dolomite ,  and 3)  an  upper l imes tone  (F igs .  '3 

and 6) .  These t h r e e  u n i t s  a r e  r e a d i l y  i d e n t i f i a b l e  throughout t h e  

no r the rn  p a r t  of t h e  subsu r face  a r e a  and a r e  approximately t h e  same 

a s  u n i t s  used i n  t h e  s t r a t i g r a p h i c  c o r r e l a t i o n  s e c t i o n s  of t h e  Alaska 

Geologic Soc ie ty  (Fackler ,  1971; Mangus and P e s s e l ,  1972). Thickness  
4 

t r ends  of t h e s e  informal  u n i t s  a r e  s i m i l a r  t o  t hose  f o r  t h e . e n t i r e  

Lisburne Group (F ig .  6 ) .  The presence  of a l l  t h r e e  u n i t s  i n  t h e  a r e a s  

of t h i n n e s t  Lisburne s u g g e s t s , t h a t  t h e s e  a r e a s  were pa leo  h ighs  t h a t  

were g e n e r a l l y  submerged du r ing  Lisburne depos i t i on  and were merely 

subsiding a t  a slower r a t e  than  surrounding a r e a s .  

The lower l imes tone  u n i t  c o n s i s t s  of 70 t o  80 percent  medium- 
-$ 
d 

t o  dark-gray c h e r t y  Limestone, minor amounts of dolomite ,  and 20 t o  

30 percent  s h a l e  and sandstone.  ~ i m e s t o n e  of t h e  lower u n i t  is  

t y p i c a l l y  da rke r  and more a r g i l l a c e o u s  than  t h e  upper l imes tone  u n i t .  

Grain-supported carbonate  rock  types  a r e  g e n e r a l l y  more abundant t han  

mud-supported types.  B i o c l a s t i c  f ragments ,  mainly bryozoa and pelmatozoa, 

a r e  t h e  most common p a r t i c l e  t ypes  i n  t h e  lower l imestone u n i t ;  and 

o o l i t e s  a r e  r a r e .  Foramini fe rs  a r e  common bu t  no t  a s  abundant a s  i n  

t h e  upper l imes tone  u n i t .  Nodules o r  euhedra l  c r y s t a l s ' o f  e v a p o r i t e  

minera ls  ( P l a t e  1E) a r e  more common i n  t h e  lower than  i n  t h e  upper 

l imestone u n i t ;  anhydr i t e ,  b a r i t e ,  and c e l . e s t i t e  were r epo r t ed  by Wood 

and Arnistrong (1975). T h e  a s s o c i a t i o n  of dark  muddy carbonate  rock  

types ,  reduced abundance of f o r a m i n i f e r s ,  and t h e  presence of e v a p o r i t e  
1 



minera l s  i s  c o n s i s t e n t  w i t h  a  s t r a t i g r a p h i c  p o s i t i o n  immediately 

ove r ly ing  t h e  t r a n s i t i o n a l  marine t o  nonmarine I t k i l y a r i a k  Formation. 

Together ,  t h e s e  d a t a  sugges t  a  sha l low marine,  inner -she l f  environment 

of d e p o s i t i o n  w i t h  p e r i o d i c a l l y  f l u c t u a t i n g  s a l i n i t i e s  and t h u s  a  

c o n t i n u a t i o n  of t h e  g e n e r a l  o v e r a l l  Carboniferous t r a n s g r e s s i o n .  

The dolomite  u n i t ,  recognized a s  t h e  middle  p a r t  of t h e  Lisburne  

Group where do lomi te  exceeds l imes tone  in-abundance, g rades  i n t o  

/ ad jacen t  l imes tone  u n i t s  mainly by means of a  decreasing number of 

pure  do lomi te  i n t e r b e d s ,  r a t h e r  t han  by g r a d a t i o n  i n t o  do lomi t i c  

l imes tone  t h a t  becomes less do lomi t i c .  Associated l i t h o l o g i e s  i n c l u d e  

l imes tone ,  s h a l e ,  and sands tone  w i t h  va ry ing  amounts of p y r i t e ,  

replacement c h e r t ,  and e v a p o r i t e  mine ra l s .  The dolomi te  u n i t  . i nc reases  

"-? i n  t h i c k n e s s  southward from Prudhoe Bay, where i t  becomes i n c r e a s i n g l y  
L 

in te rbedded  wi th  l imes tone  and thereby  more d i f f i c u l t  t o  i d e n t i f y  a s  

a d i s t i n c t  u n i t .  Over t h e  pa l eo  h igh  w e s t  of Prudhoe Bay (Fig.  5 ) ,  
' 

t h e  do lomi te  u n i t  t h i n s ,  b u t  c o n t a i n s  le .ss  in te rbedded  l imes tone  and 

is  n e a r l y  a l l  (about  90 percent )  dolomite .  

C r y s t a l  s i z e  i s  t h e  b e s t  c r i t e r i o n  t o r  c a t e g o r i z i n g  dolomi te  t y p e s  

i n  t h e  Lisburne (Wood and Armstrong, 1975) and i s  one of s e v e r a l  u s e f u l  

c h a r a c t e r i s t i c s  i n  d i s t i n g u i s h i n g  syngenct ic  from d i a g e n e t i c  dolomite .  

Following t h e  usage of I l l i n g  e t  a l .  (1967),  dolomite  i n  t h e  Lisburne -- 

i s  of two types:  1 )  macrodolomite t h a t  h a s  an  average  g r a i n  s i z e  g r e a t e r  

than 3 0 p  and 2)  microdolomite - t h a t  ha s  an  average  g r a i n  s i z e  l e s s  t han  

3 0 r .  Dolomite i n  t h e  subsu r f ace  Lisburne  Group shows a  r ange  of c r y s t a l  

s i z e  from less tllnn 5f t o  more, than 100 . Altilough tlie v a r i a t i o n  of 

,- P 



3 c r y s t a l  s i z e  over  s h o r t  d i s t a n c e s  can  be  cons ide rab l e  and r e l a t i o n s  

a r e  commonly u n c l e a r ,  c e r t a i n  g e n e r a l i z a t i o n s  appear  t o  o b t a i n .  

Macrodolomite w i t h  a  c r y s t a l  s i z e  g r e a t e r  than  50,O i s  g e n e r a l l y  

an  accessory  mine ra l  i n  coarse-grained l imes tone  where i t  p r e f e r e n t i a l l y  

r e p l a c e s  t h e  l i m e  mud m a t r i x  and n o t  t h e  g r a i n s  ( P l a t e  1B). I t  i s  

p re sen t  i n  a l l  t h r e e  l i t h o l o g i c  u n i t s  i n  t h e  Lisburne Group b u t  t e n d s  

t o  be  t h e  more common dolomi te  t ype  i n  t h e  l imes tone  u n i t s .  The 
d 

a s s o c i a t i o n  of macrodolomite w i t h  open marine l imes tone  a n d . a  g e n e r a l  

absence of f e a t u r e s  c h a r a c t e r i z i n g  a n  i n t e r t i d a l  o r  s u p r a t i d a l  environment 

sugges t  t h a t  much of t h e  macrodolomite i s  of r e l a t i v e l y  l a t e  d i a g e n e t i c  

o r ig in .  

Microdolomite i s  most commonly r ep re sen t ed  by 10-30J1 c r y s t a l s .  

Rocks c o n s i s t i n g  of microdolomite  a r e  u s u a l l y  completely do lomi t ized  
-, 
*.J and d i s p l a y  a  unimodal c r y s t a l  s i z e  d i s t r i b u t i o n  w i t h  a sma l l  s t anda rd  

d e v i a t i o n  (i. e. , " w e l l  so r ted")  . common a c c e s s o r i e s  i n  t h e  microdolomite  
* 

i nc lude  sponge s p i c u l e s  and angu la r  s i l t - s i z e  q u a r t z  g r a i n s  ( P l a t e  1C). 

Where microdolomite i s  an acces so ry ,  t h e  l imes tone  i s  u s u a l l y  a  mudstone 

o r  wackestone w i t h  a  s p a r s e  f l o r a  and fauna. Sedimentary s t r u c t u r e s  

observed inc lude  nodules  of a n h y d r i t e ,  pseudomorphs of c a l c i t e  a f t e r  

bladed gypsum, c a l c i t e - f i l l e d  d e s s i c a t i o n  c r a c k s ,  and l amina t ions  

i n t e r p r e t e d  t o  be  a l g a l  mats  ( s e e  Wood and ~ r m s t r o n g ,  1975, p l .  1 1 ) .  

Microdolomitc occurs  i n  a l l  t h r e e  l i t h o l o g i c  u n i t s  i n  t h e  subsu r f ace  

t i s b u r n e  Group b u t  i s  most common i n  t h e  medial  do lomi te  u n i t .  Considered 

t o g e t h e r ,  t h e  evidence presen ted  he re  sugges t s  t h a t  t h e  microdolomite 

i s  of ve ry  e a r l y  d i n g e n e t i c  ( syngene t i c )  o r i g i n  i n  an i n t e r t i d a l  t o  
I 



3 
s u p r a t i d a l  (sabklia) environment. The dolomi te  u n i t  t h e r e f o r e  r e p r e s e n t s  

a  per iod  of r e g r e s s i o n  i n  an o v e r a l l  t r a n s g r e s s i v e  t r end  (F ig .  3 ) .  

The upper l imes tone  u n i t  c o n s i s t s  of l i g h t -  t o  medium-gray c h e r t y  

l imes tone  wi th  minor amounts of interbedded dolomite ,  s h a l e ,  and 

sandstone.  Grain-supported l imes tones  (mainly b i o c l a s t i c  and o o l i t i c  

g ra ins tones )  a r e  t h e  most common carbonate  l i t h o f a c i e s  ( P l a t e  1A). 

O o l i t i c  g r a i n s t o n e s  account  f o r  most of t h e  upper l imes tone  u n i t .  

Loca l ly ,  where b i o c l a s t s  a r e  common, bryozoan  and pelmatozoan fragments  

dominate t h e  s k e l e t a l  components. Foramini fe rs  and a l g a e  a r e  more 

abundant and more d i v e r s e  i n  t h e  upper l imes tone  u n i t  than  i n  t h e  o t h e r  

Lisburne u n i t s ;  l o c a l l y  they  become ve ry  abundant and a r e  t h e  dominant 

rock-forming organisms. Evapor i t e  mine ra l s  a r e  ve ry  r a r e  i n  t h e  upper 

-. l imes tone  u n i t .  
L w '  

Sandstone i s  g e n e r a l l y  a  minor component of t h e  upper l imes tone  

u n i t  and seldom exceeds two percent  of t h e  t o t a l  t h i ckness ;  I n  t h e  

Hamilton Bro the r s  Milne Po in t  No. 1 (Fig.  6 ) ,  t h i s  sandstone c o n s t i t u t e s  

about  30 percent  of a  r e l a t i v e l y  t h i n  Lisburne s e c t i o n .  Although t h e  

informal  l i t h o l o g i c  u n i t s  of t h e  Lisburne a r e  d i f f i c u l t  t o  i d e n t i f y  

i n  t h i s  w e l l ,  t h e  sandstone is  probably s i t u a t e d  i n  both t h e  dolomite  
1 

and upper l imes tone  u n i t s .  The sands tone  i s  l i g h t  gray t o  buf f  co lored  

and is  composed of f i n e -  t o  medium-grained, subangular ,  moderately 

s o r t e d  qua r t z  and c h e r t  g r a i n s .  The few t h i n  s e c t i o n s  s tudied  show 

t h a t  the sandstone i s  compacted and t h a t  cementation by vary ing  

amounts of s i l i c a  and' c a l c i t e  cement i s  v i r t u a l l y  complete ( P l a t e  IF ) .  

The presence of fo s s i l .  fragmcntq and c a l c i t e  cement i s  v a r i a b l e ,  and 

,-. 
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t h e  f u l l  r a n g e  i n  compos i t ion  from sandy l i m e s t o n e  t o  r e l a t i v e l y  p u r e  

s a n d s t o n e  h a s  been observed .  The s a n d s t o n e  i s  i n t e r b e d d e d  w i t h  minor 

amounts of s h a l e ,  l i m e s t o n e ,  and do lomi te .  

The environment of d e p o s i t i o n  of t h e  upper  l i m e s t o n e  u n i t  i s  

i n t e r p r e t e d  t o  b e  a r e l a t i v e l y  h i g h  energy  open mar ine  s h e l f  w i t h  

numerous o o l i t e  s h o a l s ;  t h e  e v i d e n c e  f o r  t h i s  i s  t h e  abundance of 

g r a i n s t o n e  t e x t u r e s  (many of which a r e  o ? l i t i c ) ,  r e l a t i v e  abundance 

of d i v e r s e  f o r a m i n i f e r a 1  and a l g a l  a ssemblages ,  and the g e n e r a l  

r a r i t y  o f  e v a p o r i t e  m i n e r a l s  and microdolomite .  A nearby  s h o r e l i n e  

i s  s u g g e s t e d  i n  t h e  area of t h e  Milne  P o i n t  No. 1 by a n  abundance of 

' s a n d s t o n e  and r e d  s h a l e  and by a r e l a t i v e l y  t h i n  L i s b u r n e  s e c t i o n  

h e r e .  

P,\ Over ly ing  Beds 
- 

The L i s b u r n e  Group i s  u n c o n f o n a b l y  o v e r l a i n  i n  most a r e a s  by 

t h e  Echooka Format ion (F ig .  3 ) ,  t h e  b a s a l  u n i t  of t h e  S a d l e r a c h i t  Group 

as d e f i n e d  by Detterman -- et  al..  (1975).  The Echooka i n  t h e  s u b s u r f a c e  

g e n e r a l l y  c o n s i s t s  of g reen i sh-gray  t o  dark-gray,  a r g i l l a c e o u s  q u a r t z o s e  

s a n d s t o n e  and shale wiqh d i s t i n c t i v e  a c c e s s o r i e s  i n c l u d i n g  g l a u c o n i t e ,  

s i d e r i t e ,  d o l o m i t e ,  phospha te ,  and p y r i t e .  The Echooka, which i s  t h e  

b a s a l  mar ine  t r a n s g r e s s i v e  u n i t  of t h e  S a d l e r o c h i t  Group, o n l a p s  t h e  

L i s b u r n e  and wedges o u t  northward from s e v e r a l  hundred f e e t  i n  t h e  

Brooks Kange t o  z e r o  n e a r  P r i ~ d h o e  Bay (Detternian,  1970) .  North  of 

t h i s  z e r o  edge t h e  L i s b u r n e  i s  o v e r l a i n  by s i l t y  s h a l e  of t h e  k v i k  

Member of t h e  Iv i s l l ak  Formation.  According t o  I le t terman (1970) and 

Eckclmanu e t  al. (1975) ,  t h e  Kavik r e p r e s e n t s  a p r o d e l t a  f a c i e s  i n  
1 



a  r e g r e s s i v e  sequence. Continued r e g r e s s i o n  r e s u l t e d  i n  t h e  southward 

prograda t ion  of a f1uvi : i l -del ta ic  sands tone  f a c i e s ,  t h e  main producing 

r e s e r v o i r  of t h e  S a d l e r o c h i t  Group i n  t h e  Prudhoe Bay F i e l d .  

Eas t  of Prudhoe Bay t h e  Lisburne i s  unconformably o v e r l a i n  by 

dark-gray, marine,  carbonaceous s h a l e  of Cretaceous age. T h i s  s h a l e  

r e c ~ r d s  t h e  time of ove r l ap  of t h i s  deep ly  eroded p a r t  of the  Barrow 

Arch where t h e  e n t i r e  s e c t i o n  of Ju ra s s i c , t h rough  Mis s i s s ipp i an  r o c k s  

w a s  removed . 
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PALEONTOLOGY AND AGE 

The foraminiferal zonation scheme of Mamet as described and defined 

in Armstrong and Mamet (1970), Armstrong et al. (1970), and Mamet and -- 

Skipp (1970) was used in making correlations and age determination. The 

foraminiferal identifications and age determinations made by Bird are 

summarized in Figure 6 are based on studies of more than 2000 thin 

sections from both core and drill-cutting,samples. These data indicate 

that the Lisburne Group in the subsurface includes foraminiferal zones 

16 through 21, a range in age from Late Mississippian (Chesterian) to 

Middle Pennsylvanian (Atokan). The lower, limestone unit and uppermost 

Itkilyariak Formation contain Foraminifera diagnostic of zones 16 and 
i 

16s; the dolomite unit, zone 17; and the upper limestone unit, zones -- 18 to 21. Age-diagnostic foraminifers have not yet been observed in 
i 

the lower and middle parts of the Endicott Group. The age of this 

group in the subsurface based on regional stratigraphic relations 

(Armstrong, 1974) is probably Mississippian (Meramecian and older). 

The unconformity between the Lisburne and Sadlerochit Groups apparently 

represents the time interval from the late Middle Pennsylvanian through 

the Early Permian, a period of approximately 40 million years (Armstrong 

and Mamet, 1970). 

Foraminifera and algae were found to occur most abundantly in 

skeletal grainstones and packstones and rarely in wackstones, lime 

mudstones, and oolitic grainstones; an exception to .this is tlie rare 

occurrence of foraminifers and algae in bryozoa-rich packstones and 

I 
grainstones. As discusscd abovf ,  faunal abundance and diversity 
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i n c r e a s e  upward w i t h  a  marked i n t e r r u p t i o n  i n  t h e  t rend  through t h e  

dolomite  u n i t .  These obse rva t ions  a r e  c o n s i s t e n t  w i t h  t h e  i n t e r p r e t a t i o n  

based on l i t h o l o g i c  evidence t h a t  t h e  Lisburne r e p r e s e n t s  a n  o v e r a l l  

t r a n s g r e s s i o n  i n t e r r u p t e d  by a  r e g r e s s i o n  i n  t h e  middle of t h e  sequence. 

These observed r e l a t i o n s  of microfauna t o  rock  type  are s i m i l a r  t o  

t hose  made by Armstrong and Mamet (1970) i n  t h e  Lisburne of t h e  Brooks 

Range. 

C o r r e l a t i o n s  based on paleontology s u b s t a n t i a t e  t h e  n a t u r e  of 

Lisburne th inn ing  by convergence and t r u n c a t i o n  and ag ree  wi th  e l e c t r i c  
. 

l o g  and l i t h o l o g i c  c o r r e l a t i o n s .  Where o t h e r  means of c o r r e l a t i o n  

a r e  n o t  p o s s i b l e  because of r a p i d l y  changing th i ckness  o r  f a c i e s ,  t h e  

f o r a m i n i f e r a l  zonat ion  has  proved inva luab le .  An example w i t h  f a r  

/1 reaching  imp l i ca t ions  is t h e  c o r r e l a t i o n  between t h e  Union Kalubik 
'w 

Creek No. 1 and t h e  Gulf-BP C o l v i l l e  De l t a  No. 1 (Fig. 7 ) .  Here 

e l e c t r i c  l o g  and l i t h o l o g i c  c o r r e l a t i o n s  could no t  be  made, and t h e  

dolomite  u n i t  appears  t o  be anomalously t h i n  o r  miss ing  i n  t h e  C o l v i l l e  

De l t a  wel l .  Foraminifera  and al-gae i n d i c a t e  t h a t  t h e  e n t i r e  Lisburne  

pene t r a t ed  a t  t h e  C o l v i l l e  De l t a  wcll i s  Pennsylvanian (zones 20 and 

21),  whereas t h e  Lisburne i n  t h e  Kalubik Creek we l l  i s  Pennsylvanian 

i n  t h e  upper few f e e t  and Miss i s s ipp ian  (Chcs te r ian)  below. By t h e s e  . 

d a t a ,  a t  l e a s t  t h e  Pennsylvanian p o r t i o n  of t h e  upper l imes tone  u n i t  

t h i ckens  northwestward from t h e  Kalubik Creek we l l  and s t r a t a  equ iva l en t  

i n .  age  t o  t h e  dolonlite u n i t  ( f o r a m i n i f e r a l  zone 1 7 )  were not  pene t r a t ed  

i n  t h e  C o l v i l l e  Del ta  wc l l .  A s i m i l a r  r a p i d  th ickening  of t h e  upper 

l imes tone  u n i t  t akes  p l ace  i n  t h e  Arco I t k i l l i k  No. 1 (Fig.  6 ) ,  where 

- .  . < 



t h e  dolomite  u n i t  was pene t r a t ed .  Consi-dering t h e  widespread occur rence  

and p e r s i s t a n c e  of t h e  do lomi te  u n i t ,  i t  appears  l i k e l y  t h a t  i t  i s  

a l s o  p re sen t  i n  t h e  a r e a  of t h e  C o l v i l l e  D e l t a  we l l ,  and t h e r e f o r e  

l ies  u n d r i l l e d  beneath t h e  bottom of t h e  w e l l .  It a l s o  appea r s  l i k e l y  

t h a t  t h e  do lomi te  u n i t  i s  p re sen t  f a r t h e r  n o r t h  o f f s h o r e  and t o  t h e  

west i n  NPR 4 .  



DEPOS ITIONAL MODEL 

A gene ra l i zed  d e p o s i t i o n a l  model (F ig .  8) based on obse rva t ion  of 

subsur face  samples and w e l l  l o g s  shows t h e  d i s t r i b u t i o n  of rock  types ,  

b i o t a ,  and i n f e r r e d  environments of depos i t i on .  O o l i t i c  g r a i n s t o n e s  

and microdolomite a r e  i n t e r p r e t e d  t o  be environmental ly  d i a g n o s t i c  and 

t o  be  i n d i c a t i v e  of s h o a l  and t i d a l  f l a t  environments,  r e s p e c t i v e l y ;  

i n  developing t h e  model., a l l  o t h e r  rock  types  were arranged wi th  

r e s p e c t  t o  t h e s e  two d i s t i n c t i v e  rock  t e x t u r e s .  C e r t a i n l y ,  a n  

understanding of modern carbonate  environments a i d s  i n  r e c o n s t r u c t i n g  

t h e s e  f a c i e s  (Jordan,  1973). The Lisburne model i s  s i m i l a r  i n  many 

r e s p e c t s  t o  models proposed by Armstrong (Armstrong and Mamet, 1970; 

Armstrong, 1974),  b u t  d i f f e r s  by having more interbedded.silicic1astic - and carbonate  rocks  r e f l e c t i n g  more shoreward f a c i e s  than  exposed i n  
L. 

t h e  Brooks Range outcrops.  A s  i n  t h e  Brooks Range, no carbonates  w i th  

r e e f - l i k e  c h a r a c t e r i s t i c s  have been encountered i n  t h e  subsur race .  

Deposi t ion of t h e  Lisburne i s  thought t o  have taken p l a c e  on a 

s h e l f  of very  low g rad ien t  where smal l  changes i n  s e a  l e v e l  produced 

correspondingly l a r g e  h o r i z o n t a l  s h i f t s  i n  f a c i e s .  Repeated in t e rbedd ing  

of d i f f e r e n t  carbonate  rock types  and in te rbedding  of carbonate  wi th  

non-carbonate sediments suggest  t h a t  e i t 'her  i n  ternl i t  t e n t  u p l i f t  of 

t h e  landmass t o  t h e  n o r t h  o r  numerous f l u c t u a t i o n s  of s ea  l e v e l  caused 

l a t e r a l  s h i f t s  i n  environments dur ing  t h e  Late  Mis s i s s ipp ian  and Ear ly  

and Middle Pennsylvanian i n ' t h i s  a r ea .  No sedimentary rocks  r e p r e s e n t i n g  

b a s i n a l  f a c i e s  ( F i g .  8) have been observed i n  w e l l s  s tud ied  t o  d a t e .  

Grea t e s t  water dep ths  i n  t h e  subsur face  Lisburne occurred i n  t h e  southern  

*1 
L 



p a r t  of t h e  s tudy  a r e a  and a r e  r ep re sen t ed  by t h e  uniformly d a r k  

carbonate  and gray  s h a l e  p r e s e n t  i n  t h e  F o r e s t  O i l  Company Kemik No. 

1 (no. 1 8 ,  F i g .  2 ) .  Bas ina l  f a c i e s  have been observed i n  t h e  Brooks 

Range and a r e  c h a r a c t e r i z e d  by d a r k ,  a r g i l l a c e o u s  l imes tone ,  s i l i c e o u s  

s h a l e ,  and b l ack  c h e r t  t h a t  c o n t a i n s  r a d i o l a r i a  and cephalopods i n  

a d d i t i o n  t o  t h e  t y p i c a l  L isburne  fauna and f l o r a  (Armstrong and B i r d ,  

Evidence of a sha rp  s h e l f  margin h a s  n o t  been found i n  t h e  

subsu r f ace  Lisburne ,  b u t  t h e  southernmost w e l l s  p e n e t r a t i n g  t h e  group 

have n o t  y e t  been s t u d i e d  i n  d e t a i l .  Common s h e l f  margin c h a r a c t e r i s t i c s  

(such a s  ab rup t  f a c i e s  changes from t h i c k  l i g h t  co lo red ,  coarse-grained 

ca rbona te  rocks  t o  r e l a t i v e l y  t h i n ,  d a r k ,  a r g i l l a c e o u s  ca rbona te  rocks ,  

/I 
I.. 

c h e r t ,  and s h a l e )  have not  been observed. Seismic r e f l e c t i o n  r eco rds ,  

which might show a  change i n  i n t e r v a l  t h i c k n e s s  r e l a t e d  t o  a  s h e l f  

margin,  were n o t  a v a i l a b l e  f o r  s tudy .  The presence of widespread sha l low 

marine carbonate  rocks  and g radua l  f a c i e s  changes sugges t s  an  o v e r a l l  

ramp c o n f i g u r a t i o n  fqr . - the Lisburne  Group i n  t h e  subsur face ,  a model 

p resen ted  e a r l i e r  by Armstrong and Bird (1976) i n  a  r e g i o n a l  summary 

of t h e  Lisburne i n  t h e  e a s t e r n  Brooks Range. 



RESERVOIR 

The Lisburne  Group has  s e v e r a l  p o t e n t i a l  r e s e r v o i r  f a c i e s .  These 

i nc lude  dolomi te ,  o o l i t i c  g r a i n s t o n e ,  and sandstone.  

The most f a v o r a b l e  r e s e r v o i r  rock  type ,  i n  terms of n e t  t h i c k n e s s  

of r e s e r v o i r ,  a r e a l  e x t e n t ,  and p r e d i c t a b i l i t y  i s  microdolomite w i t h  

10-30 c r y s t a l  s i z e  ( P l a t e s  l C  and ID). P o r o s i t y  v a l u e s  a s  h igh  a s  r 
23 pe rcen t  have been measured i n  t h e  l a b o r a t o r y  and a s  h igh  a s  27  

percent  have been c a l c u l a t e d  from a c o u s t i c  l o g s .  P o r o s i t y  is  p r i m a r i l y  

i n t e r g r a n u l a r  b u t  i s  enhanced by t h e  presence  of vugs g e n e r a l l y  a few 

m i l l i m e t e r s  i n  d iameter  ( P l a t e  ID). V e r t i c a l  f r a c t u r e s ,  some open and 

some c a l c i t e  f i l l e d ,  have been observed i n  co re s .  These may provide  

some small i n c r e a s e  i n  p o r o s i t y ,  bu t  most impor t an t ly  t hey  provide  

1 increased  pe rmeab i l i t y .  Es t imates  of p o r o s i t y  de r ived  from a c o u s t i c  
J 

l o g s  and v i s u a l  examinat ion of samples made f o r  s e l e c t e d  w e l l s  (Table 1 )  

sugges t  t h a t  an average  p o r o s i t y  of 10  pe rcen t  o r  g r e a t e r  may'be expected 

i n  t h e  subsur face .    he r e l a t i v e l y  h igh  average  p o r o s i t y  of n e a r l y  15  

pe rcen t  i n  t h e  Union Kookpuk No. 1 sugges t s  t h a t  b e t t e r  p o r o s i t y  may 

be developed l o c a l l y  on paleo h ighs .  Net t h i cknes s  of r e s e r v o i r  wi th  

g r e a t e r  than  5 pe rcen t  p o r o s i t y  appea r s  t o  i n c r e a s e  a s  t h e  Lisburne  

Group i n c r e a s e s  i n  t h i cknes s .  Actua l  foo t age  cor responds  f a i r l y  c l o s e . 1 ~  

t o  t h e  t o t a l  t h i c k n e s s  of dolomite  (F ig .  9 ) .  Dolomite i sopachs  shown 

i n  t h i s  f i g u r e  r c p r c s c n t  t h e  t h i cknes s  of do1.omite from a l l ' u n i t s  i n  

t h e  Lisburne,  no t  from t h e  medial  do lomi te  u n i t  only.  These d a t a  a r e  

based on our s tudy  of samples a v a i l a b l e  t o  t h e  p u b l i c  i n  ~ n c l l o r a ~ e  

and on d e t a i l c d  l i t h o l o g i c  l o g ~ ~ p r c p n r e d  by h l e r i c a n  S t r a t i g r a p h i c  

, 

L 
i 
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Company i n  Denver. Because most of t h e  d a t a  a r e  from l i t h o l o g y  l o g s ,  

t h e  dolomite  t h i cknes se s  i nc lude  bo th  microdolomite and macrodolomlte 

wi thout  r ega rd  t o  r e s e r v o i r  q u a l i t y .  

Gra ins tones  a r e  abundant i n  t h e  Lisburne,  and i n  t h e  upper  

l imes tone  u n i t  most of  t h e  g r a i n s t o n e s  a r e  o o l i t i c  (Fig.  6 ) .  Some 

of them s t i l l  show open-framework packing ( P l a t e  1A) i n d i c a t i v e  of 

h igh  i n i t i a l  p o r o s i t y .  Unfor tuna te ly ,  t h e s e  g r a i n s t o n e s  have always 

been found t o  be  completely cemented by v o i d - f i l l i n g  c a l c i t e .  

Never the less ,  t h e  r e s e r v o i r  p o t e n t i a l  of t h i s  rock  type  could b e  

cons ide rab l e  i f  c o n d i t i o n s  f a v o r a b l e  f o r  p o r o s i t y  development could 

be  found. Such cond i t i ons  could i n c l u d e  a r e a s  where L i t t l e  o r  no 

v o i d - f i l l i n g  cement occurred o r  where l e a c h i n g  h a s  removed t h e  c a l c i t e  

' cement o r  g r a i n s .  
-. 

S i g n i f i c a n t  amounts of sands tone  a r e  p r e s e n t  i n  t h e  Hamilton 

Bro the r s  Milne P o i n t  No. 1; somewhat l e s s e r  amounts occur  i n  t h e  

PLAGHM Beechey P o i n t  No. 1 (Fig .  6 ) .  The components of q u a r t z  and 

c h e r t  a r e  s i m i l a r  t o  t h o s e  found i n  t h e  S a d l e r o c h i t  Group r e s e r v o i r ,  

a l though cementat ion i n  t h e  few t h i n  s e c t i o n s  s tud i ed  appears  t o  be  

complete i n  Lisburne  sands tones  ( P l a t e  IF). Some p o r o s i t y  i n  t h e  

sandstone is  i n d i c a t e d  by d r i l l - s t e m  tests t h a t  recovered shows of 

o i l  and gas  and a s a l t w a t e r  f low of 1470 BPD. Add i t i ona l  s t udy  is  

needed t o  determine t h e  n a t u r e  and d i s p o s i t i o n  of t h e  p o r o s i t y .  

The a r e a l  e x t e n t  of t h i s  1,isburnc sands tone  f a c i e s  i s  unknown. 

There i s  r e l a t i v e l y  l i t t l e  sands tone  i n  any of t h e  surrounding w e l l s .  

Regional a n a l y s i s  which i n d i c a t e s  a  p e r s i s t e n t  no r the rn  source  a r e a  
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f o r  M i s s i s s i p p i a n  th rough  J u r a s s i c  sed imenta ry  r o c k s  on t h e  North  

S l o p e  s u g g e s t s  t h a t  more s a n d s t o n e  i s  p r e s e n t  t o  t h e  n o r t h  i n  t h e  

o f f s h o r e ,  The p r e s e n c e  of a  s a n d s t o n e  f a c i e s  i n  t h e  L i s b u r n e  and t h e  

p o s s i b i l i t y  o f  a  g r e a t e r  a r e a l  e x t e n t  o f f s h o r e  i s  c r i t i c a l  i n  e v a l u a t i n g  

t h e  pe t ro leum p o t e n t i a l  of t h e  B e a u f o r t  Sea. An o p t i m i s t i c  s p e c u l a t i o n  

on t h e  areal d i s t r i b u t i o n  of t h i s  s a n d s t o n e  f a c i e s ,  shown i n  F i g u r e  9 ,  
e 

is based o n  t h e  c o n c e p t  t h a t  t h e  s a n d s t o n e  r e p r e s e n t s  a  " n e a r s h o r e  

fringe" o f  c l a s t i c  sediment  b o r d e r i n g  t h e  p a l e o  landmass  f a r t h e r  t o  

t h e  n o r t h ,  

D r i l l - s t e m  t e s t s  have r e c o v e r e d  b o t h  hydrocarbons  and s a l t w a t e r  

from t h e  L isburne .  S i g n i f i c a n t  test r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  2 

and are shown w i t h  r e s p e c t  t o  t h e i r  geograph ic  (F ig .  9 )  and s t r a t i g r a p h i c  

-* 
, :  p o s i t i o n s  i n  (Fig.  6 ) .  Hydrocarbons have been recovered  f rom t h r e e  w e l l s  

w i t h i n  t h e  L i s b u r n e  p o o l  i n  t h e  Prudhoe Bay F i e l d  (Prudhoe Bay No. 1, 

E a s t  Bay No. 1, and P u t  R i v e r  9-11-13) and from one w e l l  s o u t h e a s t  o f  

t h e  f i e l d  (Mikkelsen Bay No. 1 ) .  The rest of  t h e  w e l l s  t e s t e d  produced 

s a l t w a t e r  f rom t h e  L isburne .  

O i l  and gas i n  t h e  Arco-Humble Prudhoe Bay No. 1 a r e  p r e s e n t  i n  

t h i n  d o l o m i t e  r e s e r v o i r  beds  i n  t h e  upper  l i m e s t o n e  u n i t ;  t h e  d o l o m i t e  

u n i t  i s  a p p a r e n t l y  below t h e  o i l - w a t e r  c o n t a c t .  I n s p e c t i o n  o f  t h e  l o g s  

s u g g e s t s  t h a t  t h e  d o l o m i t e  u n i t  h a s  a s  much r e s e r v 0 i . r  p o t e n t i a l  a s  

d o l o m i t e  beds  i n  t h e  upper  l i m e s t o n e  u n i t ;  t h e r e f o r e ,  it a p p e a r s  p o s s i b l e  

t h a t  L i s b u r n e  p r o d u c t i o n  from Prudhoe Bay No. 1 would b e  g r e a t l y  i n c r e a s e d  

i f  t h e  media l  d o l o m i t e  u n i t  a l s o  were w i i h i n  t h e  o i l  column. O i l  and 

1 
g a s  i n  t h e  d o l o m i t e  u n i t  p e r  s c  have been encountered i n  o n l y  one w e l l  

.c 

.. 
. I  



(Mobit Nikke l sen  Bay NO. 1 )  ; u n f o r t u n a t e l y ,  f l a w  r a t e s  have n o t  been 

d i s c l o s e d .  I n  o t h e r  w e l l s  f l o w  r a t e s  t o  2057 b b l s / d a y  s a l t w a t e r  have 

been recorded  from d o l o m i t e  b e d s  and 1470 b b l s l d a y  from s a n d s t o n e .  
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SEALING BEDS 

Adequate s e a l s  a t  t h e  t o p  of t h e  Lisburne  Group a r e  p r e s e n t  

throughout  t h e  subsur face .  North and e a s t  of Prudhoe Bay, Lower 

Cretaceous s h a l e  s e a l s  t h e  Lisburne  where i t  h a s  been t runca t ed  by 

the Ear ly  Cretaceous uncanformity (Fig.  6). Elsewhere t h e  Kavik 

Member, a  s h a l e  i n  t h e  I v i s h a k  Formation, p rovides  t h e  s e a l .  For 

example, i n  t h e  Prudhoe Bay No. 1, dri l l -$tern test  r e s u l t s  show t h a t  

t h e  Kavik s h a l e  s e p a r a t e s  S a d l e r o c h i t  o i l  from Lisburne  gas .  Where 

t h e  Echooka Formation i s  p r e s e n t ,  i t s  s e a l i n g  c a p a c i t y  i s  ques t i onab le ;  

i t  d i s p l a y s  some c a p a c i t y  as a  r e s e r v o i r  .and y i e lded  gas  i n  t h e  

Sinclair-BP C o l v i l l e  No. 1 (Fig. 2 ) .  

Sha le  up t o  25 f e e t  t h i c k  occu r s  w i t h i n  t h e  Lisburne and play - provide  i n t e r n a l  s e a l s .  I n  a d d i t i o n ,  impern~eable l imes tone ,  e s p e c i a l l y  

'v 

common i n  t h e  upper l imes tone  u n i t ,  may a l s o  have s e a l i n g  c a p a b i l i t i e s ,  

bu t  open f r a c t u r e s  observed i n  some Lisburne  co re  samples may.poss ib ly  

reduce t h e  s e a l i n g  e f f e c t i v e n e s s  of t h e  l imes tone .  



3 
SOURCE ROCICS 

Fine-grained rocks  w i t h  o rgan ic  con ten t ,  thermal  h i s t o r y ,  and 

proximity t o  r e s e r v o i r  beds adequate  f o r  sou rce  rocks  f o r  L isburne  

petroleum i n c l u d e  s h a l e  i n  t h e  ove r ly ing  Cretaceous and p o s s i b l y  s h a l e  

w i t h i n  t h e  Lisburne  Group and t h e  Kayak Sha le .  Coal i n  t h e  Kekiktuk 

Conglomerate may be  a  sou rce  f o r  d r y  g a s  i n  t h e  Lisburne. 

Morgridge and Smith (1972, p. 500) c ~ n c l u d e d  t h a t  b o t h ' J u r a s s i c  

and Cretaceous s h a l e s  were capab le  of gene ra t i ng  t h e  p.etroleum f o r  

t h e  Prudhoe Bay F i e l d .  This  conc lus ion  i s  based on measurements of 

t h e  t o t a l  o rgan ic  con ten t  and C hydrocarbon con ten t  f o r  t h e  e n t i r e  
15+ 

sequence of Mis s i s s ipp i an  through Cretaceous rocks  i n  t h e  Prudhoe Bay 

a r ea .  They found a  t o t a l  o r g a n i c  c o n t e n t  of 1.9 pe rcen t  and 5.4 p e r c e n t  

.-, and a C hydrocarbon c o n t e n t  of 660 ppm and 3,000 ppm f o r  t h e  J u r a s s i c  
15+ 

L/' 

and Cretaceous s h a l e ,  r e s p e c t i v e l y .  They b e l i e v e  t h a t  t h e  Cretaceous 

s h a l e  i s  t h e  most l i k e l y  source  because  i t  i s  i n  c o n t a c t  w i t h , e a c h  

major petroleum-bearing r e s e r v o i r  i n  t h e  Prudhoe Bay F i e l d .  The i r  

geochemical a n a l y s e s  of p r e - Ju ra s s i c  rocks ,  i nc lud ing  t h e  ~ i s b u r n e  

and End ico t t  Groups, i n d i c a t e  a low o i l -gene ra t i ng  p o t e n t i a l .  

O i l  shows a r e  common i n  w e l l s  o u t s i d e  of t h e  Lisburne o i l  pool  

a r ea .  These shows c o n s i s t  of b l ack  t a r r y  o i l  (pyrobitumen) and c u t  

f l uo re scence  ( P l a t e  ID). I n  t h e  no r the rn  w e l l s ,  shows may be  from 

t h e  Cretaceous source  rock. However, o i l  shows i n  a  sou the rn  w e l l ,  

t h e  Home Bush Fede ra l  No. 1 (no. 19 ,  F ig .  2 ) ,  40  m i l e s  (70 km) sou th  

and 7,000 f e e t  (2,100 m) s t r u c t u r a l l y  lower than s i m i l a r  ho r i zons  a t  

Prudhoe Bay,  roba ably d i d  n o t  cgme from Cretaceous source  rocks .  We 



sugges t  t h a t  sou rce  rocks  may be  p re sen t  sou th  and downdip from t h i s  

well i n  a  more b a s i n a l  f a c i e s  of t h e  Lisburne o r  p o s s i b l y  i n  t h e  

Kayak Shale.  These pos tu l a t ed  source  rocks  may be  s i m i l a r  t o  s h a l e  

observed i n  t h r u s t  s h e e t s  c u t t i n g  t h e  Lisburne i n  t h e  Brooks Range. 

Thick i n t e r v a l s  of dark ,  h i g h l y  o rgan ic  s h a l e  and l imes tone  are p r e s e n t  

i n  t h e  upper p a r t  of t h e  Lisburne i n  t h e  c e n t r a l  Brooks Range (Pa t ton  

and T a i l l e u r ,  1964, p. 496),  and a  ~ i s b u r n e  s h a l e  from t h e  wes te rn  

Brooks Range y i e lded  6.7 g a l l o n s  of o i l  per  t on  ( T a i l l e u r ,  1964).  The 

Kayak Sha le  i n  t h e  c e n t r a l  Brooks Range c o n s i s t s  of about  1 ,000 f e e t  

(300 m) of dark-gray s h a l e ,  bu t  no geochemical d a t a  a r e  a v a i l a b l e  on 

t h e  sou rce  rock p o t e n t i a l  of t h i s  u n i t .  The t ime of ma tu ra t i on  of 

these p o t e n t i a l  source  rocks can  be  es t imated  by us ing  t h e  t i m e  and 

temperature  r e l a t i o n  presented i n  Hood e t  a l .  (1975),  wherein a  -- 

combination of temperature  and d u r a t i o n  of hea t ing  ( t ime)  s u f f i c i e n t  

t o  produce a  c o a l  r ank  of h igh  v o l a t i l e  B (LOM 9) c o r r e s p o n d s ' t o  t h e  . 

p r i n c i p a l  s t a g e  of o i l  gene ra t i on  from a  wide v a r i e t y  of source  rocks .  

I n  t h i s  a r e a ,  a  geothermal g r a d i e n t  of 1 . 6 ° ~ / 1 0 0  f e e t  (2 .92°~ /100  m) 

0 (AAPG, 19731, and i n i t i a l  temperature  of 40 F ( ~ O C ) ,  and b u r i a l  of 

0 
10,000 f e e t  (300 m) would r e s u l t  i n  a  formation temperature  of 200 F 

( 9 3 ' ~ ) .  Maturat ion of source  rocks  could be achieved wi th in  7  m i l l i o n  

y e a r s  a t  t h i s  temperature  (Hood -- e t  a l . ,  1975, f i g .  3 ) .  The Lisburne  

was buried t o  10,000 f e e t  (300 m) i n  Ea r ly  Cretaceous t ime (Morgridge 

and Smith, 1972, f i g .  2 ) .  The onse t  of ma tu r i t y ,  7  m i l l i o n  y e a r s  

l a t e r ,  would have occurred i n  l a t e r  Ea r ly  Cretaceous t ime.  And a s  

tllc r eg iona l  s l o p e  a t  (:his timer was probably s t i l l  up t o  t h c  n o r t h ,  
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migra t ion  would proceed i n  t h a t  d i r e c t i o n  i n t o  any a v a i l a b l e  t r a p s .  

These pos tu l a t ed  source  rocks  a r e  now found a t  dep ths  g r e a t e r  t han  

20,000 f e e t  (6,100 m )  and undoubtedly a r e  overmature.  

Coal i n  t h e  Kekiktuk Conglomerate may be  a  source  f o r  methane. 

Coal i s  most common i n  t h e  w e l l s  s o u t h e a s t  of Prudhoe Bay, where i t  

r eaches  a n  agg rega t e  t h i c k n e s s  of a s  much a s  50 f e e t .  Coal i s  a  

p r o l i f i c  sou rce  of methane when condi t ionf  of t i m e  and temperature  

a r e  s u f f i c i e n t  f o r  t h e  c o a l  t o  a t t a i n  t h e  r a n k  of high' bituminous c o a l  

t o  a n t h r a c i t e  which cor responds  t o  25 and 5 pe rcen t  v o l a t i l e  m a t t e r ,  

r e s p e c t i v e l y  (Lutz  - e t  -* a 1  2 1975).  Although no d a t a  a r e  a v a i l a b l e  on 

t h e  Kekiktuk c o a l ,  t h e  r ank  can  be  e s t ima ted .  from a  knowledge o f  t h e  

present-day temperature  and t h e  d u r a t i o n  of b u r i a l .  The g raph ic  summary 

-1 of t h e  r e l a t i o n  of c o a l  r ank  t o  tempera ture  and c o a l i f i c a t i o n  t i m e  by 
'4 

Karweil (1956 p l .  2) a s  modif ied by Bos t i ck  (1973) has  been used t o  

e s t i m a t e  t h e  r ank  of t h e  coa l .  Present-day temperature  of  t h e  c o a l  

0 
is  e s t ima ted  by us ing  a  geothermal g r a d i e n t  of 2 . 4 ° ~ / 1 ~ ~  f e e t  (4.37 C/ 

100 m) (Alaska D iv i s ion  of Oil and Gas, 1974) .  Coal. known t o  occur  

a s  sha l low a s  10,900 f e e t  (3,590 m) and deeper  t han  15,800 f e e t  (5,180 

m) i s  es t imated  t o  be  a t  t empera tures  of  2 1 2 ' ~  ( 1 0 0 ~ ~ )  t o  more than  

3 3 0 ' ~  (165 '~) ,  respec t i .ve ly .  ' D u r a t i o n  of h e a t i n g  ( b u r i a l  time) i s  

v a r i a b l e .  I n  t h e  a r e a  sou th  and w e s t  of t h e  Lower Cretaceous t r u n c a t i o n  

(Fig.  9 ) ,  b u r i a l  ha s  been cont inuous  s i n c e  Late  Permian, bu t  b u r i a l  

t o  w i th in  about  1 ,000 f e e t  (300 m) of maximum probably was n o t  achieved 

u n t i l  e a r l y  T e r t i a r y  t ime (about  50 m.y. B.P.) .  Gas gene ra t i on  ( v o l a t i l e  

m a t t e r  25X) i s  es t imated  t o  ocaur  a t  dept l ls  g r e a t e r  than  12,800 f e e t  



0 
(3,900 m). E a s t ' a n d  n o r t h  of t h e  Ea r ly  Cretaceous t r u n c a t i o n ,  b u r i a l  

. h a s  been cont inuous  s i n c e  t h e  l a t e  Ea r ly  Cretaceous bu t  maximum b u r i a l  

was probably n o t  achieved u n t i l  l a t e  T e r t i a r y  t ime (about  1 0  m.y. B.P.). a 

I n  t h i s  a r e a ,  gas  g e n e r a t i o n  i s  e s t ima ted  t o  occur  below d e p t h s  of 

about  17,700 f e e t  (5,400 m ) .  These estimates sugges t  t h a t  t h e  Kekiktuk 

c o a l  h a s  n o t  been bu r i ed  deep enough o r  l ong  enough t o  g e n e r a t e  g a s  

i n  t h e  immediate a r e a  of Prudhoe Bay Fielgl bu t  t h a t  down-dip c o n d i t i o n s  

a r e  more f avo rab l e .  



CONCLUSIONS 

The petroleum p o t e n t i a l  of t h e  Lisburne Group i n  t h e  subsu r f ace  

of t h e  e a s t e r n  A r c t i c  s l o p e ,  Alaska, appea r s  promisiilg because of a  

f a v o r a b l e  combination of r e s e r v o i r ,  sou rce  rock ,  and t r app ing  mechanisms. 

A cont inuous do lomi te  r e s e r v o i r  i s  p r e s e n t  throughout t h e  a r e a ,  and a  

s i g n i f i c a n t  sands tone  r e s e r v o i r  i s  p r e s e n t  i n  two wells a long  t h e  c o a s t .  

It i s  f a i r l y  c e r t a i n  t h a t  t h e  porous do lomi te  r e s e r v o i r  ex t ends  b o t h  

westward i n t o  Naval Petroleum Reserve No.  4 and northward i n t o  t h e  

o f f sho re .  The sands tone  r e s e r v o i r  may occur  widely t o  t h e  n o r t h  i n  

t h e  o f f sho re .  

L isburne  r e s e r v o i r  rocks  a r e  i n  d i r e c t  c o n t a c t  w i t h  documented 

Cretaceous sou rce  rocks  e a s t  of Prudhoe Bay, and i t  i s  specu la t ed  t h a t  

*-. sou rce  rocks  a r e  p r e s e n t  w i t h i n  t h e  Lisburne  sou th  of t h e  s t u d y  a r e a ,  

perhaps benea th  t h e  Brooks Range. Coal benea th  t h e  Lisburne i s  a  

probable  gas  source.  Est imated tempera tures  and b u r i a l  h i s t o r y  suggest .  

t h a t  much of t h e  c o a l  i s  a t  t h i s  t ime  mature t o  overmature. 

S t r a t i g r a p h i c  t r a p s  r e l a t e d  t o  unconformi t ies  niight b e  p o s s i b l e  

over  a  wide a r e a ;  s t r u c t u r a l  t r a p s  may be  p re sen t  i n  t h e  f o o t h i l l s  

f o l d b c l t  of the Brooks Range and a long  t h e  Barrow Arch. Combination 

s t r a t i g r a p h i c - s t r u c t u r a l  t r a p s  may be  p r e s e n t  a long  t h e  Barrow Arch. . 
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S t r a t i g r a p h i c  t r a p s ,  s t r u c t u r a l  t r a p s ,  and combinations of bo th  

t ypes  may b e  p r e s e n t  i n  t h e  Lisburne.  The most l i k e l y  a r e a s  f o r  each  

type  of t r a p  a r e  shown on F i g u r e  10 .  

S t r a t i g r a p h i c  t r a p s  may b e  p r e s e n t  a t  t h e  t op  of t h e  Lisburne  

i n  p l a c e s  where r e s e r v o i r  rocks  a r e  t runca t ed  by a n  unconformity.  

The Permian unconformity t r u n c a t e s  p r o g r e s s i v e l y  deeper  i n  a  n o r t h  
* 

t o  no r thwes t e r ly  d i r e c t i o n  and i s  geograph ica l ly  t h e  most widespread. 

The Cretaceous unconformity t r u n c a t e s  t h e  e n t i r e  Lisburne  and i s  

p r e s e n t  i n  a  r e l a t i v e l y  narrow northwestward-trending band l o c a t e d  

n o r t h  and e a s t  of Prudhoe Bay a l o n g  t h e  Barrow Arch. 

Two types  of s t r u c t u r a l  t r a p s  may b e  p re sen t :  1 )  t r a p s  r e l a t e d  

r, 
t o  complex f o l d s  a s s o c i a t e d  w i t h  high-angle r e v e r s e  f a u l t s  t h a t  formed 

i_/- 
i n  T e r t i a r y  t ime and may be  p r e s e n t  i n  t h e  f o o t h i l l s  of  t h e  Brooks 

Range and 2)  t r a p s  r e l a t e d  t o  broad,  g e n t l e  f o l d s  a s s o c i a t e d  w i t h  

numerous normal f a u l t s  t h a t  may occur  a long  t h e  t r end  of t h e  Barrow 

Arch. According t o  Rickwood (1970) ,  f a u l t i n g  i s  r e s t r i c t e d  t o  a  

s i n g l e  pe r iod  of deformation d u r i n g  Ea r ly  Cretaceous t i m e  (upper 

Neocomian t o  Barremian) and i s  r e l a t e d  t o  t h e  formation of t h e  Barrow 

Arch. 

Combination t r a p s  may be  p r e s e n t .  Rickwood (1970) and Morgridge 

and Smith (1972) have shown t h a t  t h e  Sad le roch i t  pool i n  t h e  Prudhoe 

Bay F i e l d  i s  loca t ed  on a west-plunging a n t i c l i n a l  nose,  f a u l t e d  on 

t h e  n o r t h  and sou th ,  and  t runca ted  and sealed by  an  unconfolrmity on 

t h e  e a s t .  Prcsuniably t h e  L i ~ b u r n e ' ~ o o 1  i s  t rapped i n  a  s i m i l a r  fash ion .  
8 
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CAPTIONS FOR ILLUSTlUTIONS AND TABLES 1 
Figu re  1. Index map of  no r the rn  Alaska showing l o c a t i o n  of s t u d y  a r e a ,  

major t e c t o n i c  f e a t u r e s ,  and d i s t r i b u t i o n  of  t h e  Lisburne Group. 

S i g n i f i c a n t  s t r a t i g r a p h i c  t e s t s  a r e  numbered and inc lude :  

1 )  U.S.N. South Earrow No. 3 . 5)  Gulf - BP C o l v i l l e  D e l t a  No. 1 

2) U.S.N. Topagorqk No. 1 6) Arco-Humble Prudhoe Bay No. 1 

3) U.S.N. Simpson No. 1 7),Humble Eas t  Mikkelsen Bay No. 1 

4) U.S.N. Cape H a l k e t t  No. 1 

The Lisburne  i s  presumed t o  be  p r e s e n t  i n  Cape H a l k e t t  No. 1 based on 

informat ion  r e l e a s e d  by t h e  Navy. Well r epo r t ed  d r i l l e d  t o  basement 

and found "non-commercial i n  t h e  Triassic-Permian and lower zones" (Oil 

and Gas Jour . ,  1975, p. 47).  

L5 

Figu re  2. Index map of s tudy  a r e a  showing d a t a  p o i n t s  w i t h i n  t h e  Lisburne  

Group. Wells r e f e r r e d  t o  i n  t h e  t e x t  numbered: 

1 )  U.S.N. Cape H a l k e t t  No. 1 11)  BP Put River  33-11-13 

2) Gulf - BP C o l v i l l e  De l t a  No. 1 '12) BP Put  River  9-il-13 

3) Arco I t k i l l i k  No. 1 13)  Arco-Humble Prudhoe Bay No. 1 

4) Union Kookpuk No. 1 14)  Arco-Exxon Eas t  Bay No. 1 

5) S i n c l a i r  - BP C o l v i l l e  No: 1 15)  BP Sag De l t a  31-10-16 

6) Union Kalubik Creek No. 1 16) Mobil Gadler  No. 1 

7)  S i n c l a i r  - BP Ugnu No. 1 17)  Mobil Mikkelsen Bay No. 1 

8) Hamilton Bros. l l i l ne  P t .  No. I 18) Fo re s t  Ken~ik No. 1 

9) PI,AGHN Beechey P t .  No. 1 19) Home Rush Fede ra l  No. 1 

10) Elobil Kupnruli No. 1 ' 
8 



Figure  3 .  ~ e n e r a l i z e d  s t r a t i g r a p h i c  column and r e l a t i v e  sea- leve l  

f l u c t u a t i o n s  f o r  upper Pa leozoic  rocks  i n  t h e  subsu r f ace  of t h e  e a s t e r n  

A r c t i c  S lope ,  Alaska. Width of band on t h e  r i g h t  r e p r e s e n t s  a n  a t t empt  

t o  b racke t  t h e  numerous o s c i l l a t i o n s  i n  o r d e r  t o  show major s e a  l e v e l  

t r ends .  V e r t i c a l  l i n e  i n d i c a t e s  approximate p o s i t i o n  of s h o r e l i n e .  

No v e r t i c a l  s c a l e  o r  r e l a t i v e  s c a l e  of t h i c k n e s s  i s  implied.  

F igure  4. I sopachs  of t h e  End ico t t  Group i n  t h e  subsu r f ace  of t h e  

e a s t e r n  Arctic S lope ,  Alaska: Kekiktuk Conglomerate, Kayak Sha le ,  and 

I t k i l y a r i a k  Formation. Trunca t ion  of t h e  group i n  t h e  n o r t h e a s t e r n  

p a r t  of  a r e a  r e s u l t  of E a r l y  Cretaceous e ros ion .  Dashed i sopachs  

i n d i c a t e  g r e a t e r  degree  of u n c e r t a i n t y .  Isopach t r e n d s  i n  a r e a s  of  

.? no d a t a  a r e  based on assumed s i m i l a r i t y  i n  t h i c k n e s s  p a t t e r n  between 
-> 

End ico t t  and Lisburne  Group. C i r c l ed  w e l l s  correspond t o  t h o s e  

appear ing  i n  F igure  6 .  

Figu re  5. I sopachs  of Lisburne Group i n  t h e  subsu r f ace  of t h e  e a s t e r n  

A r c t i c  Slope,  Alaska. Trunca t ion  of t h e  group i n  t h e  n o r t h e a s t e r n  

p a r t  r e s u l t  of Ea r ly  Cretaceous e ros ion .  Dashed i sopachs  i n d i c a t e  

g r e a t e r  deg ree  of u n c e r t a i n i t y  t han  s o l i d  i sopachs .  C i r c l ed  w e l l s  

correspond t o  t hose  appear ing  i n  F igure  6 .  



Figu re  6. Fence diagram of t h e  End ico t t  and Lisburne Groups i n  t h e  . 

subsu r f ace  of t h e  e a s t e r n  A r c t i c  Slope of Alaska showing g r o s s  l i t h o l o g y ,  

s t r a t i g r a p h i c  r e l a t i o n s ,  f o r a m i n i f e r a l  zones,  and s i g n i f i c a n t  d r i l l - s t e m  

t e s t  r e s u l t s .  Abbrevia t ions  used a r e :  BPD = b a r r e l s  per  day; BOPD = 

b a r r e l s  of o i l  pe r  day; FlMCFPD = m i l l i o n  c u b i c  f e e t  pe r  day; 0  = o i l ;  

G = gas ;  M = mud; W = wate r ;  SW = s a l t w a t e r ;  GCO = gas-cut o i l ;  GCM = 

gas-cut mud.; 17+ = f o r a m i n i f e r a l  zone determinat i .on,  zone 17 o r  younger. 

F igu re  7. C o r r e l a t i o n  of t h e  Lisburne  Group i n  t h e  Gulf - BP C o l v i l l e  

De l t a  No. 1 and t h e  Union Kalubik Creek No. 1 based on fo ramin i f e r a .  

See F igu re  6 f o r  t h e  age  of f o r a m i n i f e r a l  zones.  Pronounced th i cken ing  

of t h e  upper l imes tone  u n i t  i n  t h e  C o l v i l l e  D e l t a  w e l l  i s  s i m i l a r  t o  

rl 
t h a t  observed i n  t h e  Arco I t k i l l i k  No. 1 (Fig.  6)  and sugges t s  t h a t  

w 
t h e  do lomi te  u n i t  may be  p r e s e n t  benea th  t h e  C o l v i l l e  De l t a  w e l l .  

F igu re  8. Depos i t i ona l  model f o r  t h e  Lisburne  Group, subsu r f ace  e a s t e r n  

A r c t i c  S lope ,  Alaska, showing i n f e r r e d  l i t h o l o g i c  and f a u n a l  r e l a t i o n s h i p s  

a f t e r  a per iod  of p rograda t ion .  A r e l a t i v e  s ea - l eve l  r ise would r e s u l t  

i n  a  s i g n i f i c a n t  shoreward s h i f t  of f a c i e s  followed by ano the r  d e p o s i t i o n a l  

p rograda t ion .  The Lisburne i s  made up of repea ted  f l u c t u a t i o n s  of t h i s  

type. No h o r i z o n t a l  o r  v e r t i c a l  s c a l e  o r  width o r  t h i cknes s  t r e n d s  of 

f a c i e s  a r e  implied.  IIowever, o v e r a l l  dimensions of model would have 

h o r i z o n t a l  d i s t a n c e s  measured i n  t e n s  of k i l ome te r s  and th i cknes se s  

measured i n  a few meters .  



Figu re  9.  Reservoi r  d a t a  summary f o r  t h e  Lisburne Croup, subsur face  

e a s t e r n  A r c t i c  Slope,  Alaska, showing dolomi te  i sopachs ,  s i g n i f i c a n t  

test r e s u l t s ,  and p o s s i b l e  a r e a l  e x t e n t  of sandstone r e s e r v o i r  f a c i e s .  

See Tables  1 and 2 f o r  a d d i t i o n a l  r e s e r v o i r  and test d a t a .  Abbrevia t ions  

same as  i n  F igure  6. 

F igu re  10.  Summary of t ypes  of t r a p s  p o s s i b l e  i n  t h e  Lisburne Group, 

subsu r f ace  e a s t e r n  A r c t i c  Slope,  Alaska. The b e l t  of normal f a u l t i n g  

i s  be l i eved  t o  be  r e l a t e d  t o  t h e  format ion  of t h e  Barrow Arch. F a u l t s  

shown a r e  adapted from t h e  Alaska D i v i s i o n  of O i l  and Gas (1974) and 

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

The o f f s h o r e  t r end  and e x t e n t  of t r u n c a t i o n  by Ea r ly  Cretaceous 

unconformity a r e  specu la t i ve .  
-" 
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Table 1. Summary of p o r o s i t y  e s t i m a t e s  f o r  s e l e c t e d  w e l l s  i n , t h e  Lisburne  

Group, e a s t e r n  A r c t i c  Slope,  Alaska. P o r o s i t y ,  es t imated  from a c o u s t i c  

and gamma-ray l o g s ,  i s  developed p r i m a r i l y  i n  do lomi te  a n d ' d o l o m i t i c  

l imes tone .  See F igures  2 and 9 f o r - w e l l  l o c a t i o n s .  Use of t h i s  d a t a  

i s  a s  fo l lows:  i n  t h e  f i r s t  w e l l  l i s t e d ,  t h e r e  i s  a  t o t a l  of 388 f e e t  

of s t r a t a  w i t h  p o r o s i t i e s  of 5 pe rcen t  o r  g r e a t e r ;  t h e s e  s t r a t a  have 

an average  p o r o s i t y  of 10.3 pe rcen t .  

Table  2 .  See F igure  9 f o r  l o c a t i o n  of w e l l s  and Figure 6 f o r  s t r a t i -  

g r aph ic  l o c a t i o n  of t e s t e d  i n t e r v a l s .  



P l a t e  1. Photomicrographs from t h e  Lisburne Group, e a s t e r n  A r c t i c  S lope  

of Alaska; b a r  s c a l e  is  250/ on each photograph. 

A. S k e l e t a l  g r a i n s t o n e  from t h e  upper l imes tone  u n i t .  Gra ins  

c o n s i s t  of f ragments  of bryozoa, brachiopods,  c r i n o i d s ,  t u b u l a r  

f o r a m i n i f e r s ,  and kamaenid a l g a e .  A l l  a r e  t i g h t l y  cemented by 

s p a r r y  c a l c i t e .  Sample i s  from BP P u t  River  33-11-13, c o r e  

a t  10,053 f e e t .  

B. P a r t i a l l y  do lomi t ized  bryozoan packstone froni t h e  upper 

l imes tone  u n i t .  R e l a t i v e l y  l a r g e  do lomi te  rhon~bs (50-100 ) P I 

p r e f e r e n t i a l l y  r e p l a c e  t h e  m a t r i x  of lime mud. Sample i s  from 

BP Sag D e l t a  31-10-16, c o r e  a t  10,336 f e e t .  

C. M i c r o c r y s t a l l i n e  do lomi te  ( l o r  rhombs) w i t h  sponge s p i c u l e s  

and angu la r ,  50 q u a r t z  g r a i n s .  Sample i s  from t h e  upper l imes tone  r - 
u n i t  i n  BP Sag De l t a  31-10-16, c o r e  a t  10,337 f e e t .  

D. Vuggy dolomi te  w i t h  b l a c k  t a r r y  o i l  from t h e  do lomi te  u n i t .  

Dolomite rhombs a r e  2 0 - 5 0 ~  ; vugs r e s u l t  from t h e  l each ing  of 

f o s s i l  fragments.  Sample i s  from BP Sag De l t a  31-10-16, c o r e  

a t  11,814 f e e t .  

E. Gra ins tone  from t h e  lower l imes tone  u n i t  c o n s i s t i n g  predominant ly  

of f ragments  of bryozoa and c r i n o i d s .  The g r e a t e r  deg ree  of  

compaction r e l a t i v e  t o  t h e  g r a i n s t o n e  i n  photograph A sugges t s  

t h a t  cementat ion occurred r e l a t i v e l y  l a t e ,  i . e . ,  a f t e r  compaction. 

Also p r e s e n t  a r e  l a r g e  p r i s m a t i c  c r y s t a l s  of anhydri- te ,  s c a t t e r e d  

rhombs of do lomi te ,  and i r r e g u l a r  pa ~ c h e s  of replacement s i l i c a .  

Sample i s  froni BP Sag D c l t a  31-10-16, c o r e  a t  12,060 fee t .  



F . '  Sandstone from t h e  upper p a r t  of t h e  Lisburne  Group co r t s i s t i ng  

of q u a r t z  and c h e r t  g r a i n s .  Note t h e  h igh  degree  of compaction. 

Sample i s  from t h e  Hamilton Bros. Milne Po in t  No. 1, d r i l l  c u t t i n g s  

from t h e  i n t e r v a l  10,120 t o  10,140 f e e t .  



Table 1. Calcu la ted  p o r o s i t y  f o r  t h e  Lisburne Group i n  s e l e c t e d  w e l l s  

RESERVOIR AVERAGE POROSITY 
(Net f e e t  w i th  g r e a t e r  (Average of ne t  t h i cknes s )  

than  5% poros i t y )  

BP Sag De l t a  31-10-16 
% 

BP Put  River  9-11-13 

Union Kookpuk No. 1 218 14.6 

Union Kalubik Creek No. 1 138 11.6 

S i n c l a i r  - EP Ugnu No. 1 170 10.8 
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Table 2. Significant drill-stem test results in the Lisburne Group 

WELL TEST INTERVAL RESERVOIR RESULTS 

Arco Itkillik No. 1 13,237-381 dolomite 2057 BPD saltwater 

Hamilton Bros. Milne Pt. No. 1 10,179-270 . dolomite and 940 feet gas cut oil and mud 
sandstone 

WITHIN Mobil Kuparuk St. No. 1 10,143-175 dolomite 350 BPD saltwater 

DOLOMITE Mobil Mikkelsen Bay No. 1 11,870-12,200 dolomite Flowed gas & oil (19.5' API) 
undisclosed rate 

UNIT 
Sinclair - BP Colville No. 1 9,023-73 dolomite 480 BPD saltwater 

b 

Union Kalubik Creek No. 1 9,047-68 dolomite 325 BPD gassy sulphur water 

L 

Arco Prudhoe Bay St. No. 1 8,750-883 dolomite 22 MNCFPD decreasing 

ABOVE Arco Prudhoe Bay St. No. 1 9,200-410 dolomite 434 BOPD, 238 MCFPD, ~ 6 . 2 ~  API 
I P 

I DOLONITE Arco Prudhoe Bay St. No. 1 9,505-825 dolomite 1152 BOPD, 1320 MCFPD, 26.9' API !. 
f 

UNIT Arco East Bay St. No. 1 undisclosed prob. dolomite 1350 BOPD, 7 EfCFPG 1 '  
4' 

BP Put River 9-11-13 9,304-600 limestone 170 BPD oil and water, 23.6' API t 
Hamilton Bros. Milne Pt. 18-1 10,085-107 sandstone 1470 BPD saltwater IE 
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