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ABSTRACT 

F o r t y  o i l  s amples  from a c r o s s  t h e  Nor th  S lope  o f  Alaska have  been 

a n a l y z e d  by t h e  U . S .  Bureau o f  Mines and t h e  U.S. G e o l o g i c a l  Survey. 

R e s u l t s  o f  t h e s e  a n a l y s e s  suggest t w o  s e p a r a t e  g e n e t i c  o i l  types. The 

f i r s t  t y p e ,  t h e  Simpson-Umiat o i l  t y p e ,  o c c u r s  i n  r e s e r v o i r  r o c k s  o f  

C r e t a c e o u s  and  Q u a t e r n a r y  age and i n c l u d e s  o i l s  from s e e p s  i n  t h e  S k u l l  

C l i f f ,  Cape Simpson, Manning Point, and Ungoon P o i n t  a r e a s ;  t h e  Wolf Creek 

t e s t  w e l l  3 ,  and t h e  Ulniat o i l  f i e l d .  These a r e  h i g h e r  g r a v i t y ,  l ow-su l fu r  

o i l s  w i t h  no, o r  s l i g h t ,  odd-numbered n-a lkane  predominance  and p r i s t a n e  t o  

phy tane  r a t i o s  g r e a t e r  t h a n  1.5. The second type, t h e  Barrow-Prudhoe o i l  

t y p e ,  o c c u r s  i n  r e s e r v o i r  r o c k s  of C a r b o n i f e r o u s  t o  C r e t a c e o u s  age  and 

i n c l u d e s  o i l s  from South  Barrow g a s  f i e l d ,  Prudhoe Bay o i l  f i e l d ,  and  t h e  

Fish Creek test w e l l  1. P h y s i c a l  p r o p e r t i e s  of Barrow-Prudhoe o i l s  are 

v a r i a b l e ,  but i n  g e n e r a l  t h e  o i l s  a r e  medium-gravi ty ,  h i g h - s u l f u r  o i l s  w i t h  

a s l i g h t  even-numbered n-a lkane  predominance  and p r i s t a n e  t o  phytane r a t i o s  

o f  less t h a n  1.5. The two t y p e s  a r e  b e l i e v e d  t o  o r i g i n a t e  from d i f f e r e n t  

s o u r c e  r o c k s ;  the Barrow-Prudhoe t y p e  may have o r i g i n a t e d  f run a carbonate 

or o t h e r  i r o n - d e f i c i e n t  s o u r c e  r o c k ,  and t h e  Simpson-Umiat t y p e  from a 

s i l i e i e l a s t i c  eource rock .  Occur rences  of t h e  two o i l  t y p e s ,  when o u t l i n e d  

on a map, i n d i c a t e  a t  l e a s t  t w u  e x p l o r a t i o n  f a i r w a y s .  The f a i r w a y  f o r  t h e  

Barrow-Prudhoe type i s  along t h e  Barrow a r c h ,  and t h e  f a i r w a y  f o r  t h e  



S i m p s o n - m i a t  type i s  t h e  a r e a  of t h e  best r e s e r v o i r  development  f o r  t h e  

Nanushuk Group. 

INTRODUCTION 

The North  Slope of Alaska  i s  a  p roven  p e t r o l e u m  p r o v i n c e  w i t h  numerous 

s e e p s ,  many s m a l l  undeveloped o i l  f i e l d s ,  and t h e  largest  o i l  f i e l d  on t h e  

Nor th  American c o n t i n e n t ,  Prudhoe  Bay. G e n e t i c  r e l a t i o n s  among o i l s  from 

a c r o s s  t h e  e n t i r e  Nor th  S lope  have i m p o r t a n t  i m p l i c a t i o n s  f o r  f u t u r e  ex- 

p l o r a t i o n  i n  t h i s  p e t r o l e u m  p r o v i n c e .  

E x p l o r a t o r y  d r i l l i n g  f o r  o i l  has been  p u r s u e d  by government and 

i n d u s t r y  s i n c e  1944 ( C a r t e r  and o t h e r s ,  1977) .  From 1944 t o  1953 t h e  U . S .  

Navy e x p l o r e d  NPR-4 (Naval Pe t ro l eum Reserve  No. 4 )  and  found o n l y  s m a l l  

o i l  and  g a s  f i e l d s  such  as  Umiat,  Cape Simpson, and South Barrow. From 

1963 t o  the p r e s e n t ,  e x p l o r a t i o n  by i n d u s t r y  o f  t h e  a r e a  be tween NPR-4 and 

A r c t i c  N a t i o n a l  W i l d l i f e  Range c u l m i n a t e d  i n  1968 w i t h  t h e  d i s c o v e r y  o f  t h e  

Prudhoe  Bay o i l  f i e l d  ( M r g r i d g e  and Smi th ,  1 9 7 2 ) .  A second  e x p l o r a t i o n  

e f f o r t  by t h e  U.S. Navy i n  NPR-4 commenced i n  1974 and c o n t i n u e d  t o  June 1 ,  

1977 ,  a t  which t i m e  j u r i s d i c t i o n  o f  N P R - 4  by t h e  Depar tment  o f  t h e  Navy was 

t u r n e d  o v e r  t o  t h e  Depar tment  of  I n t e r i o r  and renamed t h e  N a t i o n a l  

Pe t ro l eum Reserve  i n  Alaska  (NPRA) . The c o n t i n u i n g  e x p l o r a t i o n  e f f o r t  i n  

NPRA is now managed by t h e  U.S. G e o l o g i c a l  Survey (USGS) .  T h e  l o c a t i o n s  of 

NPRA, Prudhoe Bay o i l  f i e l d ,  and  t h e  A r c t i c  N a t i o n a l  W i l d l i f e  Range a r e  

shown on f i g u r e  1. 

Throughout  a l l  p h a s e s  o f  e x p l o r a t i o n  by government and i n d u s t r y ,  o i l s  

were a c q u i r e d  from a c r o s s  t h e  North S lope .  O i l  samples were a n a l y z e d  by 

t h e  U.S. Bureau o f  Mines ( U S B M ) ,  t h e  USGS, and  commercia l  l a b o r a t o r i e s  

(Geochem Research, fnc .  and G l o b a l  Geochem Corp.)  under c o n t r a c t  t o  t h e  



USGS. Geochem d e t e r m i n e d  API g r a v i t y  and  i s o l a t e d  t h e  CIS+ hydroca rbon  

f r a c t i o n s ;  G l o b a l  performed e l e m e n t a l  (N,S) and gas c h r o m a t o g r a p h i c  

a n a l y s e s  and measured light-stable isotopic r a t i o s  ( C , N , S )  of t h e  whole oil 

and s e l e c t e d  f r a c t i o n s .  

This paper d e s c r i b e s  t h e  r e s u l t s  of these a n a l y s e s  and  p r e s e n t s  o u r  

p r e l i m i n a r y  i n t e r p r e t a t i o n .  A d d i t i o n a l  i n f o r m a t i o n  from t h e  c o n t i n u i n g  

program o f  c o l l e c t i o n  and a n a l y s i s  o f  o i l  s amples  may r e q u i r e  us t o  modify  

this i n t e r p r e t a t i o n .  

Ehcept  f o r  t h e  Prudhoe  Bay o i l  f i e l d ,  l i t t l e  h a s  been  p u b l i s h e d  con- 

c e r n i n g  t h e  o r i g i n  of North Slope o i l s .  A f t e r  t h e  d i s c o v e r y  o f  Prudhoe Bay 

o i l  f i e l d  i n  1968, Morgridge and  Smith  ( 1 9 7 2 )  and J o n e s  and Speers ( 1 9 7 6 )  

suggested t h a t  t h e  s o u r c e  o f  Prudhoe Bay o i l  i s  C r e t a c e o u s  mar ine  s h a l e .  

young,  m n a g h a n ,  and ~ c h w e i s b e r g e r  (1977)  a s s i g n e d  d i f f e r e n t  a g e s  t o  

Prudhoe Bay o i l ;  i n  L a t e  C r e t a c e o u s  r e s e r v o i r s  t h e  o i l  i s  87 n.y. o l d ,  i n  

Early h i a s s i c  r e s e r v o i r s  t h e  o i l  i s  218 m.y.; and i n  t h e  P e n n s y l v a n i a n  

c a r b o n a t e  t h e  o i l  i s  2 2 0  m.y. These a g e s  imply  a t  l e a s t  t m  source beds  of 

d i f f e r e n t  a g e s  ( 8 7  m.y. and 218-220 m.y.1. The i d e n t i f i c a t i o n  of s o u r c e  

beds for North Slope o i l s  is beyond t h e  scope  o f  t h i s  p a p e r .  Rock a n a l y s e s  

and o i l - r o c k  c o r r e l a t i o n s  are i n  p r o g r e s s  on  samples from o u t c r o p s  and 

w e l l s  from a c r o s s  t h e  e n t i r e  Nor th  Slope .  However, even t h e  o i l  a n a l y s e s  

r e p o r t e d  h e r e  suggest i n t e r e s t i n g  a l t e r n a t e  i n t e r p r e t a t i o n s  f o r  the o r i g ~ n  

of Prudhoe Bay and o t h e r  North S lope  o i l .  

API g r a v i t y  and p e r c e n t  s u l f u r  v a l u e s  a re  a v a i l a b l e  f o r  a l l  c r u d e  o i l s  

a n a l y z e d  fran t h e  North S l o p e  by t h e  USBM. A f e w  of these oil samples ,  

s u c h  as  t h o s e  from Wolf Creek and S k u l l  Cliff a r e a s ,  c a n n o t  be l o c a t e d  f o r  

more d e t a i l e d  a n a l y s e s .  API and s u l f u r  data p r o v i d e  a means of compar ison  



of a n a l y s e s  be tween a r e a s  and &tween t h e  two o r g a n i z a t i o n s .  m r e  d e t a i l e d  

a n a l y s e s ,  especially t h e  i s o t o p i c  s t u d i e s ,  p e r m i t  c h a r a c t e r i z a t i o n  of 

b i o d e g r a d e d  o i l s  and e n a b l e  t h e i r  ma tch ing  w i t h  "normal" oils t h a t  a r e  less 

wea the red  and n o t  b i o d e g r a d e d .  Gas chromatograph ic  n - p a r a f f i n  p r o f i l e s  a r e  

u s e d  to  d e t e r m i n e  if an  o i l  i s  "normal" o r  b i o d e g r a d e d ,  and  t h e  a n a l y s e s  o f  

t he  normal o i l  p r o v i d e  t h e  b a s i s  f o r  an oil t y p e .  

OIL SAMPLES 

The f o r t y  o i l  s amples  used  i n  t h i s  s t u d y  were c o l l e c t e d  w i t h  permis- 

s i o n  from i n d u s t r y  and  government by t h e  USBM and t h e  USGS from s u r f a c e  

seeps and w e l l s  ( fig. 1 ) . The s t r a t i g r a p h i c  p o s i t i o n  o f  t h e  r e s e r v o i r s  i s  

shown on f i g u r e  2. The f i r s t  s i x  oil samples  a r e  from s e e p s  and t h e  

r e m a i n d e r  of t h e  samples  were r e c o v e r e d  f r o m  w e l l s .  For c o n v e n i e n c e ,  t h e  

same o i l  sample i s  l a b e l e d  u s i n g  t h e  same symbol and number i n  a l l  f i g u r e s .  

Many of t h e  o i l  s amples  and a n a l y s e s  a r e  d u p l i c a t e s :  e i t h e r  t h e  same 

o i l  was a n a l y z e d  twice--once by t h e  USBM and once  by  t h e  USGS,  e a c h  

o r g a n i z a t i o n  d o i n g  d i f f e r e n t  a n a l y s e s  e x c e p t  f o r  API g r a v i t y  and  p e r c e n t  

s u l f u r - - o r  e a c h  o r g a n i z a t i o n  c o l l e c t e d  oil from t h e  same w e l l  o r  seep a t  

d i f f e r e n t  times. To d e t e r m i n e  which s i t u a t i o n  i s  a p p l i c a b l e ,  f i g u r e s  1 and 

2 must  be compared. For compar i son ,  all t h e  API g r a v i t y  and p e r c e n t  s u l f u r  

a n a l y s e s  from both o r g a n i z a t i o n s  a r e  shown on f i g u r e  3. 

O i l  samples  from f o u r  d i f f e r e n t  w e l l s  i n  t h e  Prudhoe Bay f i e l d  are  

from t h r e e  s e p a r a t e  o i l  p o o l s  (State of  Alaska,  1 9 7 8 ) ;  the L i s b u r n e  pool 

( # 3 7  and 38 1, the Prudhoe pool ( %32-36 , and t h e  Kuparuk R ive r  p o o l  ( # 3 0  

and 3 1 ) .  Oil from the Prudhoe p o o l  is  assumed t o  be r e p r e s e n t a t i v e  o f  t h e  

o i l  from t h e  I v i s h a k  Formation of t h e  S a d l e r o c h i t  Group, t h e  S h u b l i k  

F o n n a t i o n ,  and t h e  Sag R i v e r  Sands tone  as  t h e s e  t h r e e  r e s e r v o i r  r o c k s  all 



have  a common o i l - w a t e r  c o n t a c t  ( H c I n t o s h ,  1977) .  The o i l  from t h e  C o l v i l l e  

Group is  n o t  i n c l u d e d  i n  t h i s  p a p e r ,  b u t  it is presumed t o  be s i m i l a r  t o  

the oils from t h e  t h r e e  separate pools. 

RESULTS 

A P I  gravity and s u l f u r  content.--API g r a v i t y  p l o t t e d  a g a i n s t  percent 

s u l f u r  on f i g u r e  3 shows two groups  of o i l s .  One g roup ,  shown by open 

symbls, i n c l u d e s  t h o s e  o i l s  w i t h  s u l f u r  c o n t e n t  of less t h a n  0.5% and API 

g r a v i t i e s  t h a t  r a n g e  from l B O  to 3 B 0 .  Normal, nonb iodeqraded  oils from the 

Umiat and Wolf Creek areas have  API g r a v i t i e s  of approximately 35O with 

s u l f u r  c o n t e n t  l e s s  t h a n  0.15%. Samples with API g r a v i t i e s  of a b o u t  2 0 °  

and s u l f u r  contents t h a t  range from 0 . 2  t o  0.5% i n c l u d e  b i o d e g r a d e d  oils 

fram t h e  Cape Simpson a r e a  and one  o i l  ( # 1 2 )  from t h e  Vmiat a r e a .  The 

Manning P o i n t  oil h a s  an  i n t e r m e d i a t e  API g r a v i t y  o f  27* and s u l f u r  c o n t e n t  

o f  0.15%. The A P I  g r a v i t y  of Ungoon P o i n t  oil h a s  n o t  been  d e t e r m i n e d ,  but 

w i t h  a s u l f u r  c o n t e n t  o f  0,22%, it i s  judged t o  be p a r t  o f  t h i s  l o w - s u l f u r  

group. Because most  o f  t h e  o i l  samples come from t h e  Cape Simpson and 

Umiat a r e a s ,  t h i s  group of samples i s  referred t o  as t h e  Simpson-Umiat oil 

t y p e  . 
The second group, shown by  s o l i d  c i r c l e s ,  i n c l u d e s  o i l s  w i t h  s u l f u r  

c o n t e n t  r a n g i n g  from 0.8 t o  2.0% and A P I  g r a v i t i e s  from 1 3 O  t o  2 8 O .  Normal, 

nonb iodegraded ,  h i g h - s u l f u r  o i l s  w i t h  A P I  g r a v i t i e s  o f  a p p r o x i m a t e l y  25" 

c h a r a c t e r i z e  t h e  o i l s  from t h e  t h r e e  o i l  p o o l s  i n  t h e  Prudhoe Bay a r e a  and 

t h e  Sag Rive r  S a n d s t o n e  i n  t h e  Sou th  Barrow area .  Because of t h e  l a r g e  

volume of oil a t  Prudhoe and b e c a u s e  t h e s e  oils a r e  toward  t h e  e x t r e m i t i e s  

of t h e  Barrow a r c h ,  t h i s  group i s  r e f e r r e d  to  as t h e  Barrow-Prudhoe o i l  

type . 



C + saturated hydrocarbons.--Chromatograms of t h e  C15+ s a t u r a t e d  

hydroca rbons  f o r  t h e  tw oil types are shown on f i g u r e s  4 and  5. Two 

samples  ( #  15 and 18) f r o m  t h e  U r n i a t  a r e a  are  norma l ,  nonb iodegraded  oils; 

whereas  o n e  o i l  ( # I 2 1  from Umiat is b i o d e g r a d e d .  The chromatograms of t h e  

normal  o i l s  show a s m a l l  odd-to-even predominance  i n  t h e  nonna l  p a r a f f i n s ,  

o r  c a r b o n  p r e f e r e n c e  i n d e x  ( C P I )  s l i g h t l y  g r e a t e r  t h a n  1. The p r i s t a n e  t o  

p h y t a n e  r a t i o  f o r  normal Umiat o i l  i s  s l i g h t l y  above  1.5. The b iodegraded  

oil ( # I 2 1  i s  c h a r a c t e r i z e d  by l a c k  o f  normal p a r a f f i n  p e a k s ,  h i g h e r  s u l f u r  

c o n t e n t  and lower  A P I  g r a v i t y  compared w i t h  t h e  nonb iodegraded  o i l .  Also,  

t h e  b i o d e g r a d e d  U r n i a t  o i l  c o n t a i n s  p r i s t a n e  and p h y t a n e  ( i n f e r r e d  from gas 

chromatograp l i i c  r e t e n t i o n  t i m e s )  i n  about t h e  same r e l a t i v e  p r o p o r t i o n s  a s  

t h e  nonna l  Umiat o i l .  

Chromatograms o f  o i l s  from t h e  Cape Simpson and Manning P o i n t  a r e a s  

r e semble  t h e  b i o d e g r a d e d  Umiat o i l ,  a s  s h o w  on f i g u r e  4. The Ungoon P o i n t  

o i l  ( # 2 )  i s  a n  e x t e n s i v e l y  b i o d e g r a d e d  s a m p l e  w i t h  no compounds r e c o g n i z -  

a b l e  by g a s  c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  CIS+ s a t u r a t e d  hydroca rbons .  

With t h e  e x c e p t i o n  of t h e  Ungoon P o i n t  o i l  s e e p ,  the s i m i l a r i t y  o f  t h e  

chromatograms f o r  t h e s e  b i o d e g r a d e d  o i l s  and t h e i r  low s u l f u r  c o n t e n t s  are  

c o n s i s t e n t  w i t h  t h e  p roposed  g e n e t i c  r e l a t i o n  t o  t h e  l o w - s u l f u r ,  h igh -  

g r a v i t y  normal o i l s  i n  t h e  Urniat a r e a .  U n f o r t u n a t e l y ,  s amples  o f  t h e  o i l s  

from t h e  Wolf Creek and S k u l l  C l i f f  a r e a s  were n o t  a v a i l a b l e  for our s t u d y ,  

b u t  t h e  s u l f u r  c o n t e n t s  and o i l  g r a v i t i e s  a r e  s i m i l a r  t o  t h e  normal o i l  a t  

Umiat. 

The o i l s  o f  t h e  Barrow-Prudhoe t y p e  are  normal e x c e p t  f o r  t h e  F i s h  

Creek o i l ,  which has high-sulfur (1 -201 ,  l o w  g r a v i t y  (13°-160 API), and i s  

biograded as shown on f i g u r e s  3 and 5 .  The chromatograms of t h e  normal 



oils f r a n  both South Barrow and Prudhoe Bay areas  show s l i g h t  even-to-odd 

predominance or a C P I  of l e s s  than  1, and pristane t o  phytane r a t i o s  of 

less than 1.5. me apparent  low p r i s t a n e  t o  phytane r a t i o  and the  high 

sulfur content  suggest  t h a t  t he  Fish Creek oil belongs t o  the  Barrow- 

Prudhoe type.  I n  t h e  Fish Creek a r e a ,  t h i s  o i l  occurs i n  a s t r a t i g r a p h i c  

u n i t  (Nanushuk Group) t h a t  d i p s  e a s t  toward Prudhoe Bay a r e a ,  providing a 

p o s s i b l e  mechanism f o r  l a t e r a l  migrat ion i n t o  t h e  Fish Creek area .  

Carbon isotope ratios.--Carbon isotope r a t i o s  (presented  i n  the !- 

n o t a t i o n )  were determined f o r  t he  whole o i l ,  and the  sa tu ra t ed  and aromatic 

hydrocarbon f r a c t i o n s  f o r  16 o i l s .  The whole o i l  analyses  a r e  shown on 

f i g u r e  6 and t h e  ana lyses  f o r  hydrocarbon f r a c t i o n s  a r e  shown on f i g u r e  

7. Carbon i so tope  r a t i o s  of t he  whole o i l s  show two groupings. The 

Simpson-Vmiat o i l s  have values t h a t  range from -29.1 t o  -27.8 p e m i l ,  

whereas t h e  Barrow-Prudhoe o i l s  range f r o m  -30.3 t o  -29.8 penni l .  

Carbon i so tope  r a t i o s  f o r  t he  C I S +  s a t u r a t e d  and aromatic hydrocarbon 

f r a c t i o n s  appear to  show t h r e e  o i l  groups. However, a more l i k e l y  i n t e r -  

p r e t a t i o n  i s  only two groups, and two subgroups of t h e  Sirnspon-Umiat t y p e :  

t h e  normal, nonbiodegraded o i l s  and t h e  biodegraded o i l s ,  a s  shown by t h e  

chromatograms on f i g u r e  4. In add i t i on ,  t h e  o i l s  i n  each subgroup from t h e  

Urniat a rea  were recovered from c l o s e l y  spaced w e l l  ( (0 .5 bn a p a r t )  and from 

t h e  same r e s e r v o i r  rock--facts ,  which argue f o r  g e n e t i c a l l y  r e l a t e d  o i l s .  

The carbon i so tope  r a t i o s  of t h e  o i l s  a t  South Barrow (#39 and 4 0 )  a r e  

s i m i l a r  t o  those measured for the Prudhoe Bay o i l .  Carbon isotope r a t i o s  

i n d i c a t e  t h a t  Fish Creek o i l  (#28  and 29) is a member of t h e  Barrow-Prudhoe 

family. me sulfur content  of Fish C r e e k  o i l  i s  very high ( 1 . 1 5 - 1 . 9 % ) .  It 

is un l ike ly  that secondary a l t e r a t i o n  processes  (weathering,  biodegrada 



t i o n )  can  a c c o u n t  f o r  t h e  i n c r e a s e d  sulfur c o n t e n t  and  lowered  13c c o n t e n t  

of F i s h  Creek o i l .  For example,  t h e  Ungoon P o i n t  o i l  ( U 2 )  is  one  of t h e  

most  i n t e n s e l y  wea the red  and b i o d e g r a d e d  o i l s  (fig. 4 ) ,  b u t  the sulfur 

c o n t e n t  i s  o n l y  0.33% o r  a b o u t  t w i c e  t h e  s u l f u r  c o n t e n t  o f  t h e  normal- 

g r a v i t y ,  l o w - s u l f u r  o i l .  

C o n t e n t  and i s o t o p e  r a t i o s  o f  s u l f u r  and n i t rogen. - -The  r a t i o  of 

s u l f u r - t o - n i t r o g e n  compared to s u l f u r  i s o t o p e  d a t a  are shown on f i g u r e  8. 

Though t h e r e  i s  a b r o a d  range o f  v a l u e s  w i t h i n  each  o i l  t y p e ,  the two oil 

t y p e s  a r e  s p l i t  by t h e  s u l f u r  i s o t o p e  values. V a l u e s  l i g h t e r  t h a n  -4.5 

p e r m i l  are c h a r a c t e r i s t i c  o f  t h e  Simpson-Umiat oil t y p e ,  whereas  values  

h e a v i e r  t h a n  -3 p e r m i l  are c h a r a c t e r i s t i c  of t h e  Barrow-Prudhoe o i l  type. 

The s i m i l a r i t y  of sulfur to  n i t r o g e n  r a t i o  f o r  both o i l  t y p e s  i n d i c a t e s  a 

d i r e c t  r e l a t i o n  between sulfur and n i t r o g e n  con ten t - -h igh  s u l f u r  o i l s  a re  

h i g h e r  i n  n i t r o g e n  and v i c e  v e r s a ,  a s  shown on f i g u r e  9 ,  The n i t r o g e n  

i s o t o p e  v a l u e s ,  as shown on f i g u r e  1 0 ,  o v e r l a p ,  r a n g i n g  from 1 t o  11  p e r m i l  

f o r  t h e  Simpson-Vmiat type and from 1 t o  5.5 p e r m i l  f o r  t h e  Barrow-Prudhoe 

t y p e .  ' These  data seem t o  suggest that l i t t l e  s e c o n d a r y  s u l f u r  has been 

added e i t h e r  from m a t u r a t i o n  o r  b i o d e g r a d a t i o n .  

DISCUSSION 

R e s u l t s  o f  a n a l y s e s  o f  40  o i l  s amples  suggest t w o  s e p a r a t e  o i l  t y p e s  

as summarized on table 1. The Simpson-Urniat o i l  t y p e  o c c u r s  i n  r e s e r v o i r  

rocks o f  Cretaceous and Q u a t e r n a r y  age and i n c l u d e s  o i l s  from t h e  Skull 

C l i f f ,  Cape Simpson, Manning Point, and Ungoon P o i n t  areas,  t h e  Wolf Creek 

test w e l l  3 ,  and t h e  Urniat o i l  f i e l d .  These  a re  h i g h - g r a v i t y ,  l o w - s u l f u r  

oils w i t h  no ,  or s l i g h t ,  odd-numbered n-alkane predominance  and p r i s t a n e  t o  

p h y t a n e  r a t i o s  greater t h a n  1.5. 



Table 1. C h a r a c t e r i s t i c s  of the two o i l - t y p e s  on the Nor th  Slope, Alaska .  

API grav i ty*  

O i l  Fami ly  
Barrow- Simpson- 
Prudhoe U r n i a t  

2 5 3 5 

S u l f u r ,  percent* 0.9 0 . 1  

CPI* 

3 4 E S, p e r m i l  < -4 >-3 

13 E Csat, p ~ m i l  -3 0 -29 
13  

f Carom, p e r m i l  -29.5 -28 

whole o i l ,  permil -30 -28.5 

* f o r  t h e  normal o i l  

The Barrow-Prudhoe o i l  t y p e  occurs  i n  r e s e r v o i r  r o c k s  o f  C a r b o n i f e r o u s  

t o  C r e t a c e o u s  age  and i n c l u d e s  o i l s  from South  Barrow gas f i e l d ,  Prudhoe 

Bay o i l  f i e l d ,  and t h e  F i s h  C r e e k  t e s t  w e l l  1. The Barrow-Prudhoe o i l s  vary 

i n  p h y s i c a l  p r o p e r t i e s ,  b u t  i n  general t h e y  are medium-gravi ty ,  h i g h - s u l f u r  

o i l s  w i t h  a s l i g h t  even-numbered n-a lkane  predominance  and pristane t o  

phy tane  r a t i o s  of less t h a n  1.5. 

The t w o  o i l  types may o r i g i n a t e  from d i f f e r e n t  s o u r c e  r o c k s .  The l o w  

sulfur c o n t e n t  and t h e  d e t a i l e d  hydroca rbon  d i s t r i b u t i o n  of t h e  Simpson- 

Vmiat f a m i l y  s u g g e s t  t h a t  t h i s  o i l  o r i g i n a t e d  from a s i l i c i c l a s t i c  source 

r o c k  (Gransch  and Posthuma,  1974) .  Analogous p r o p e r t i e s  of t h e  Barrow- 

Prudhoe type s u g g e s t  d e r i v a t i o n  from a c a r b o n a t e  o r  o t h e r  i r o n - d e f i c i e n t  

source rock. 

The presence of o i l  i n  t h e  s u b s u r f a c e  o r  as a s e e p  a t  a s p e c i f i c  l o c a -  

t i o n  indicates that  t h e  proper conditions f o r  p e t r o l e u m  g e n e r a t i o n ,  rniqra- 

t i o n ,  and a c c u m u l a t i o n  e x i s t e d .  Oils from t h e  Nor th  Slope can be grouped 



i n t o  two t y p e s .  O u t l i n e d  on a map, t h e s e  two t y p e s  i n d i c a t e  at l e a s t  two 

e x p l o r a t i o n  f a i r w a y s .  The f a i r w a y  for t h e  Barrow-Prudhoe o i l  f a m i l y  i s  

a l o n g  t h e  Barrow a r c h ,  a n d  t h a t  f o r  t h e  Simpson-Umiat f a m i l y  i s  t h e  a r e a  of 

t h e  best r e s e r v o i r  development  f o r  t h e  Nanushuk Group between t h e  Simpson 

and lhnia t  a r e a s .  
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FIGURE CAPTIONS 

Fiqure 1.--Map of t h e  North Slope of Alaska showing t h e  geographic 

d i s t r i b u t i o n  of t h e  o i l  samples. Compare t o  f i g u r e  2 f o r  t h e  age of t h e  

reservoir. 

Figure 2.--Generalized s t r a t i g r a p h i c  c h a r t  f o r  t h e  North Slope of 

Alaska showing t h e  age of t h e  r e s e r v o i r  rock from which t h e  o i l  samples 

were acquired (geologic  names used a f t e r  Fackler  and o t h e r s ,  1970 ) .  

Symbols a r e  explained on figure 1. 

Figure 3.--API g r a v i t y  i s  compared t o  percent  s u l f u r  f o r  t h e  Sirnpson- 

Umiat (open symbols) and the Barrow-Prudhoe ( s o l i d  symbols) o i l  types .  The 

API g r a v i t y  f o r  sample numbers 2 and 5 a r e  n o t  available owing t o  

i n supp ic i en t  sampling and heavy ( t a r - l i k e )  o i l .  

Figure 4.--Chromatograms of t h e  C I 5 +  n -paraf f in  d i s t r i b u t i o n  f o r  t h e  

normal ( # I 5  and 18) and biodegraded o i l s  ( # I ,  2 ,  5,  6, 10, and  12) are 

shown f o r  t h e  Simpson-Umiat o i l  type. 

Figure 5.--Chromatograms of t h e  C I S +  n -paraf f in  d i s t r i b u t i o n  fo r  t h e  

normal (131, 3 2 ,  38, 39 and 40) and biodegraded o i l s  ( Y 2 8 )  a re  shown f o r  

the Barrow-Prudhoe o i l  type.  

Figure 6--Carbon isotope r a t i o s  from t h e  whole o i l  f o r  t h e  Simpson- 

Umiat (open symbols) and Barrow-Prudhoe ( s o l i d  symbols) o i l  types .  



Figure 7--Carbon isotope ratios from t h e  s a t u r a t e d  and a r o m a t i c  hydro-  

c a r b o n  f r a c t i o n s  are compared f o r  t h e  Simpson-Umiat ( o p e n  s y m b o l s )  a n d  

Bar row-Prudhoe  (solid symbols) o i l  types. 

Figure 8 . - - S u l f u r  i s o t o p e  and s u l f u r  t o  n i t r o g e n  r a t i o s  are compared  

for  t h e  Simpson-Urniat ( o p e n  s y m b o l s )  a n d  Bar row-Prudhoe  ( s o l i d  s y m b o l s )  oil 

types. 

F i g u r e  9,--Sulfur and n i t r o g e n  c o n t e n t ,  i n  p e r c e n t ,  v a r y  directly, o r  

as sulfur c o n t e n t  i n c r e a s e s  so does the n i t r o g e n  c o n t e n t .  

Figure 10 . - -Su l fur  i s o t o p e  and  n i t r o g e n  isotope r a t i o s  are  compared  

f o r  the Simpson-Umiat  ( o p e n  s y m b o l s )  a n d  t h e  Bar row-Prudhoe  ( s c l i d  symbols) 

o i l  types. 
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